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Abstract
   Biphasic dispersions of two liquids, oil in water (O/W) or water droplets in oil (W/O), stabilized by a surfactant are called 
nanoemulsions. The most effective surfactant is a non-ionic surfactant like Tween 80, which can be used as a solubilizer in different 
medicinal items, an emulsifier in food, or a surface-active ingredient in soap manufacture and cosmetics. Nanoemulsions consist of 
droplets that have a diameter ranging from 20 to 200 nm and are thermodynamically stable systems. The composition of the system 
and the homogenization technique determine the droplet size. Regarding solubilization, drug formulations made with nanoemulsions 
are more capable than those made with micellar solutions. Essential oils are highly valuable for use in the culinary, cosmetic, and 
pharmaceutical industries because of their rich chemical composition, which includes fatty acids, proteins, carbohydrates, minerals, 
and vitamins. Essential oil-based nanoemulsions help to preserve their bioactive components, which are sensitive to light, heat, and 
oxygen. On the other hand, they improve the dispersibility and stability of these components, guaranteeing their efficacy and purity. 
Some essential oils have antimicrobial qualities. The chemical makeup of almond and lavender oils as well as their advantageous 
health benefits is covered in this paper. A thorough analysis of the last five years' worth of research on the creation and description 
of nanoemulsions is provided.
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Introduction
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Nanoemulsions
Emulsions are colloidal systems made up of a surfactant, 

which is required to lessen the interfacial tension between the 
two phases, and two immiscible liquids [1]. Nanoemulsions (NE) 
are a particular kind of emulsion that have droplets that are tiny 
in diameter, often between 20 and 200 nm. Because of their small 
size, these droplets seem transparent or bluish-transparent. They 
are therefore ideal for covering fruits and vegetables so that their 
original texture and colour are preserved [2]. NE can be formed in 
oil in water (O/W) wherein oil droplets are dispersed in the con-
tinuous aqueous phase and water in oil (W/O) structures wherein 
water droplets are dispersed in the continuous oil phase (Figure 
1). Nanoemulsions, in terms of physico-chemical properties, are 
positioned between microemulsions and traditional emulsions. 

Systems made up of surfactant, oil, and water operate as a ki-
netic barrier, keeping the phases from coming to kinetic equilib-
rium and causing the droplets to swell in size. The formulation’s 

Figure 1: Nanoemulsion structure [3].

stability is also determined by the polydispersity index at 24 °C and 
4 ºC. The development of instability in nanoemulsions, such as floc-
culation and coalescence, is evaluated by electrophoresis. Eliminat-
ing the charge can weaken the emulsion’s stability by lowering the 
forces that repel nanodroplets from one another, which prevents 
flocculation and coalescence [4].
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The droplet size and polydispersity index of the nanoemulsion 
depend on the Hydrophilic-Lipophilic Balance (HLB) value, surfac-
tant concentration, and sonication time. The HLB value of the sur-
factant used can influence the structural composition and stability 
of nanoemulsions, making it a crucial step in creating a stable na-
noemulsion to determine the required HLB value of the essential 
oil. Kinetic stability can be achieved when the interfacial tension 
between the water and oil phases is minimized [5].

Using high-frequency ultrasonography, a stable nanoemulsion 
is created. High-energy emulsification techniques, such as ultra-
sonic, high-pressure, and high-speed homogenization, are fre-
quently used to prepare nanoemulsions [6]. Nanoemulsions have 
a long shelf life and are simple to create using little energy, such as 
heat and mixing [7]. The number of published research and review 
papers is evidently growing from year to year (Figure 2).

Application of nanoemulsions
Lipophilic medications can be made more soluble in water by 

using nanoemulsions, which increases the drug’s bioavailability in 
the bloodstream. Oral administration of nanoemulsions has dem-
onstrated encouraging outcomes in terms of augmenting medi-
cation bioavailability, permeability, and therapeutic activity in 
addition to boosting drug effectiveness at the target site [8]. Con-
trolling the release rate of antioxidant-loaded nanoemulsions in 
the human body can typically maximize their therapeutic efficacy. 
Antioxidant compound release patterns can be predicted using 
kinetic release models, which also make it easier to pinpoint the 
critical factors affecting the release rate [9].

Characteristics of essential oils
Terpenoids are the primary constituents of nutmeg essential 

oil (Myristica fragrans) and lavender essential oil (Lavandula den-
tata), which were first identified in traditional medicine. These are 
intricate combinations of substances that are light- and oxygen-
sensitive as well as having important pharmacological characteris-

Figure 2: Number of publications “Nanoemulsion” on ScienceDi-
rect for period of 13 years.

tics. They are substances with antibacterial, anti-inflammatory, an-
ticancer, hypoglycemic, anticonvulsant, and insecticidal qualities, 
yet they are mostly utilized in food and fragrances. Nonetheless, 
there are a few things to take into account that prevent their use 
and biological action. Since they have high oil/water distribution 
coefficients and are hydrophobic, low water solubility frequently 
restricts production and sustainability. This restriction limits their 
applicability to hydrophilic goods like makeup. There is currently a 
lot of research being done on the use of essential oils as a natural 
antibacterial agent and how well they preserve food. There is also 
significant customer demand for these products. However, a major 
disadvantage for their practical application is the loss of bioactiv-
ity of essential oils as a result of changing climatic circumstances. 
When oils are exposed to light, oxidation, and high temperatures, 
they lose stability [4]. Nanotechnology is used to enhance stability, 
ensuring quality and effectiveness [10-12]. More specifically, the ef-
ficacy and durability of essential oils may be increased by encasing 
them in a suitable polymer matrix that is both biodegradable and 
biocompatible. Because they are more easily dispersed than other 
nanocapsulated systems, nanoemulsions help make essential oils 
more useful in real-world applications [13].

Mechanism of antibacterial action
The most important mechanism through which essential oils 

exert their antibacterial effects is by disrupting the structural 
membrane of microbial cells. According to research, nanoemulsion 
may be able to bind to protein locations on the cell membrane by 
penetrating the phospholipid bilayer structure of the membrane. 
This causes the cell membrane’s structure and organization to al-
ter, making it more permeable and allowing vital components to 
escape. This finally results in cell lysis and death [14].

Mechanism of antifungal action
According to research findings, the volatile chemicals found in 

essential oils have been found to significantly restrict the growth of 
fungi. These compounds act both directly on the fungi and indirect-
ly, by absorbing and spreading through the fungi into the growth 
medium. By interfering with sterol production, the antifungal ac-
tion mechanism causes damage to the cytoplasmic membrane. 
Three primary routes govern how essential oil systems based on 
nanoemulsions improve their interaction with microbial cell mem-
branes. First, improved cooperation with cytoplasmic membranes 
leads to higher reactivity; this is achieved through passive trans-
port through the outer cell membrane and an increased surface-
to-volume ratio. Because more active molecules are able to pass 
across biological membranes, essential oils that include lipophilic 
components are more active when droplet size falls. Second, the 
fusion of emulsifier droplets with the phospholipid bilayer of the 
cell membrane promotes the targeted release of essential oils at 
particular locations. Third, the concentration of essential oils at the 
site of action is increased through electrostatic interaction between 
charged nanoemulsion droplets and microbial cell walls [15].
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Almond oil
Prunus dulcis, or almonds, are among the nuts that are pro-

duced most commonly in the globe. They are prized for their flavor, 
a variety of nutritious components (proteins, fats, polyphenols, 
and vitamin E), and adaptability to many preparations [16-17]. 
Fatty acids, proteins, and carbohydrates are abundant in almond 
oil. Owing to its profusion of vitamins and minerals, it is frequently 
utilized in medicine for therapeutic purposes. For example, the 
zinc and B vitamin complex in almond oil helps to maintain healthy 
skin [18-19].

Lavander oil
The Lamiaceae family includes the genus Lavandula, which in-

cludes a variety of shrubs and plants used in medicine and cooking 
[20]. Plants and spices that contain essential oils (EO) are valued 
and have a significant role in the food, cosmetics, and pharmaceuti-
cal industries [21]. The use of lavender essential oils in the phar-
maceutical industry is significantly limited due to their suboptimal 
physicochemical characteristics, such as limited water solubility 
[22]. Monoterpenoids, which are primarily concentrated in the 
flowers and other higher sections of the plant, are primarily re-
sponsible for the pleasant aroma of lavender. Higher amounts of 
linalyl acetate and linalool and lower concentrations of camphor 
are found in lavender oils, which are highly prized in cosmet-
ics [21]. Lavender has antibacterial, antifungal, antidepressant, 
sedative, antioxidant, anti-inflammatory, and spasmolytic effects. 
These qualities are utilized in traditional medicine to treat a wide 
range of illnesses. It is well-known for its therapeutic properties, 
which include easing the symptoms of psychological stress, sleep-
lessness, and digestive issues - particularly in aromatherapy, as 
well as acting as an antibacterial. It is known as a therapeutic agent 
used to alleviate symptoms of psychological stress, insomnia, and 
digestive disorders, especially in aromatherapy, neuralgia, and as 
an antiseptic [23-25]. 

Methods for preparing nanoemulsions
The dilution method of nanoemulsions is one of the techniques 

for preparing them. It has been discovered that the amount of oil 
phase present in the base solution is related to the nanoemulsion 
droplet size [26]. 

In their study, Badr., et al. examined the antibacterial, antioxi-
dant, and stability properties of lavender essential oil, as well as 
that of its nanoemulsions and constituents, camphene (95%), 
and α-terpinyl acetate (95%) [15]. In comparison to lavender oil 
(IC50 = 1828.25 mg/L), which demonstrated stronger and more 
significant antioxidant activity, α-terpinyl acetate (an oxygenated 
monoterpene) and camphene (a hydrocarbon monoterpene) dem-
onstrated stronger and more significant antioxidant activity to the 
lowest IC50 values (647.08 and 868.40 mg/L, respectively). The 
nanoemulsion of lavender oil shown a noteworthy capability for 
scavenging (IC50 = 261.66 mg/L), trailed by that of α-terpinyl ac-
etate (IC50 = 374.46 mg/L) and camphene (IC50 = 510.23 mg/L). 

The antibacterial properties of lavender oil, camphene, α-terpinyl 
acetate, and their nanoemulsions against Gram-positive S. aureus 
and Gram-negative S. typhimurium revealed that, in comparison 
to lavender oil, α-terpinyl acetate and camphene exhibit excep-
tional activity against both bacterial strains. Lavender oil demon-
strated decreased activity compared to α-terpinyl acetate, which 
was a more superior active product followed by camphene. All of 
the compounds are still less active than ceftriaxone. The findings 
showed that, in comparison to lavender oil, pure camphene and 
α-terpinyl acetate exhibit greater toxicity. Lavender oil had the low-
est effectiveness against A. flavus and A. niger, whereas α-terpinyl 
acetate and camphene were the most effective treatments. When 
compared to pure lavender oil and monoterpenes, all compounds 
were more effective against both fungus, according to the nano-
emulsion data that were obtained. 

In their research, Luciano., et al. [27] used citral, liquid paraf-
fin, Tween 80, pepsin from pig gastric mucosa, pancreatin from pig 
pancreas, and pig bile extract to show the impact of digestible ver-
sus indigestible citral nanoemulsions on human gut microbes. Dif-
ferent lipid phase compositions were used to generate nanoemul-
sions: either 100% w/w of citral or 20% w/w of citral combined 
with 80% w/w of paraffin or maize oil, two types of lipid carriers 
that can be either digestible or indigestible. A coarse emulsion was 
then formed by combining 5% w/w of each lipid phase with 1% 
w/w Tween 80 and water in a mixer running at 6500 rpm for two 
minutes.

Different lipid phase compositions were used to generate nano-
emulsions: either 100% w/w of citral or 20% w/w of citral com-
bined with 80% w/w of paraffin or maize oil, two types of lipid car-
riers that can be either digestible or indigestible. A coarse emulsion 
was then formed by combining 5% w/w of each lipid phase with 
1% w/w Tween 80 and water in a mixer running at 6500 rpm for 
two minutes. Both the bactericidal efficacy of the nanoemulsions 
against Escherichia coli and Lactobacillus acidophilus as well as 
their colloidal stability during gastrointestinal disturbances was in-
fluenced by the digestibility of the lipid carrier utilized in their for-
mulation. Unlike those prepared with pure citral, nanoemulsions 
with smaller particle sizes are more stable during gastrointestinal 
disturbances when a lipid carrier - whether digestible (like corn 
oil) or indigestible (like paraffin oil) - is used. Depending on the 
kind, the citral lipid carrier’s digestibility controls its antibacterial 
efficacy against human gut microbes. Citral may be encapsulated 
and protected from gastrointestinal disorders by using an indigest-
ible lipid as a carrier. This would result in increased bactericidal 
actions in the small intestine. Therefore, using digestible lipids to 
formulate antimicrobial nanoemulsions may help to maintain in-
testinal probiotic bacteria and balance the gut microbiota overall, 
while using indigestible lipid carriers may be preferable for target-
ed antimicrobial action against pathogenic bacteria [27].
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In the study by Santamaria., et al. [2], medium-chain triglycer-
ides were employed along with food-grade carvacrol with a purity 
> 98%, non-ionic surfactant Tween 80, potassium hydroxide 85%, 
and oleic acid with a purity of 88% to create nanoemulsions us-
ing the low-energy approach. They weigh the desired composition 
of the surfactant combination (Tween 80 and oleic acid) before 
adding a blend of oil with varying ratios of medium-chain triglyc-
erides to carvacrol. To achieve the liquid crystal region or micro-
emulsion phase, varying amounts of water with the matching po-
tassium hydroxide concentration are added for each composition 
and continuously mixed using a vibrating mixer, as per the phase 
diagram. For the second step of formation, the heated mixture is 
placed in a test tube heater set at 70º C. The purpose of raising the 
temperature is to enable the crystalline phase to have a reduced 
viscosity, which makes it easier for components to combine and 
mix. The remaining water is added to the heated liquid at a rate 
of 25º C (dropwise) as the test tube vibrates in the second step of 
creation. One of the important factors in the creation of nanoemul-
sions is the adding rate. A nanoemulsion is created by gradually 
adding the remaining water over a two-minute period. The mix-
ture is agitated for a further minute after the nanoemulsion forms. 
The emulsions have a final water content of 85% w/w, with a 10% 
w/w surfactant mixture (oleic-oleate)/Tween 80 and a 5% w/w 
blend of oil (carvacrol/medium-chain triglycerides). In the carva-
crol medium-chain triglycerides/Tween 80-oleic acid-potassium 
oleate/water system, oil-in-water nanoemulsions are produced 
using the low-energy phase inversion composition method. 5% 
w/w is the ultimate concentration of the oil blend. Some formula-
tions, such as nanoemulsions made using the high-energy emul-
sification and low-energy phase inversion composition proce-
dures, had diameters of 19-30 nm, which were lower than those 
of formulations previously used to make edible films. To achieve 
small, stable nanoemulsions, it is necessary for the emulsification 
pathway to pass through the region where liquid crystals or direct 
microemulsions without excess oil appear. When water is added, 
the induced change in the spontaneous curvature of the surfactant 
causes the trapping of the total oil present in the liquid crystal or 
microemulsion in droplets, without the need for high shear or oth-
er high-energy methods. Although, in the studied range, the aver-
age diameter of the nanoemulsion increases with the carvacrol/
medium-chain triglyceride ratio, there must be an optimal ratio 
for low values outside the range because nanoemulsions cannot be 
formed without carvacrol, indicating that carvacrol aids in pack-
ing the surfactant mixture in the droplet interlayer. The emulsifi-
cation channel must cross the area where liquid crystals or direct 
microemulsions without extra oil occur in order to produce small, 
stable nanoemulsions. Without the use of high shear or other high-
energy techniques, the addition of water induces a change in the 
surfactant’s spontaneous curvature, which traps all of the oil in 
the liquid crystal or microemulsion in droplets. Since carvacrol is 
necessary for the formation of nanoemulsions and because car-
vacrol helps pack the surfactant mixture in the droplet interlayer, 

even though the average diameter of the nanoemulsion increases 
with the carvacrol/medium-chain triglyceride ratio in the studied 
range, there must be an ideal ratio for low values outside the range. 
Nanoemulsion formation is dependent on medium-chain triglyc-
erides because they significantly slow down the Ostwald ripening 
destabilization mechanism. According to the experimental design, 
the carvacrol/medium-chain triglyceride ratio should be 45/55 for 
maximum stability [2].

Sadeghian., et al. [28] created flaxseed oil nanoemulsions by 
dissolving Tween 80 (5% w/w) in distilled water and mixing the 
mixture for 15 minutes. The water phase (95% w/w) and oil phase 
(5% w/w) were combined and homogenized using a mixer set at 
13,000 rpm for five minutes at room temperature to create a coarse 
emulsion. Clove essential oil (CEO) and pomegranate peel extract 
(PPE) were introduced separately to the water and oil phases prior 
to emulsification, with a 10% w/w concentration for each phase. 
After homogenizing the coarse emulsions under high pressure 
and ultrasonically sonicating them for ten minutes, nanoemul-
sions were created. The ultrasound’s amplitude and on/off cycle 
were 80% and 0.7, respectively. An ice bath was used to regulate 
the temperature rise that occurred during sonication. To guaran-
tee consistent delivery of actual output power, acoustic intensity, 
and acoustic density to each sample, sonication conditions (such 
as type of probe or emitter surface, probe location in the middle 
of the sample at a fixed depth of 1 cm, volume of coarse emulsion, 
and type of container) were maintained. More oxidative instability 
was caused by the use of ultrasound emulsification, a higher stor-
age temperature, and the lack of antioxidants. Pomegranate peel 
extract was not as successful as clove essential oil in reducing the 
rate at which the flaxseed oil-in-water nanoemulsion (FNE) oxi-
dized. The outcomes demonstrated the potential use of flaxseed oil 
in water nanoemulsion as a component in the preparation of ben-
eficial foods and drinks. 

In two stages, Sharma., et al. [29] made the clove oil nano-
emulsion. Eugenol, the primary ingredient in essential clove oil, is 
thought to have some antibacterial properties. Using a high-speed 
magnetic stirrer, pre-emulsification was used in the first step to 
create coarse emulsions. The final stable emulsion with nano-sized 
particles was obtained using ultrasonic treatment in the second 
step. Clove oil (1–10% w/v) was used as the core material for the 
inner oil phase (O), and deionized water was used to form the out-
er aqueous phase (W) by coating it with whey protein concentrate 
(WPC-70) (0.1-1% w/v). A magnetic stirrer was used to combine 
the two phases and create coarse emulsions. Clove oil stable O/W 
nanoemulsions were created by sonicating (on ice) for ten minutes 
using an ultrasonic apparatus. Using the minimal bactericidal con-
centration (MBC) and minimal inhibitory concentration (MIC) from 
the agar well diffusion procedures, the antibacterial activity of the 
produced nanoemulsion was assessed. Clove oil (1-4%) emulsions 
showed little antibacterial effect, which may be related to the lower 
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concentration. In order to conduct a more potent antibacterial in-
vestigation against E. coli and B. subtilis, the O/W nanoemulsion 
containing 10% clove oil with 0.5% whey protein concentrate was 
chosen for this study. The minimal inhibitory concentration of the 
most stable clove oil nanoemulsion, as depicted in Figure 3, was 50 
µl, which was half of the minimal inhibitory concentration of free 
clove oil (100 µl) against B. subtilis and E. coli.

Figure 3: Minimal inhibitory concentration as the zone of inhibi-
tion: (a) clove oil (10%) encapsulated in a nanoemulsion prepared 
using 0.5% whey protein concentrate; and, (b) non-encapsulated 
free clove oil (10%) in dimethyl sulfoxide (DMSO), against E. coli 

[29].

The nanoemulsion and free clove oil had minimal inhibitory 
concentration values that were marginally lower than the mini-
mal bactericidal concentrations. When compared to free clove oil, 
the nanoemulsion demonstrated superior bactericidal properties 
or a decrease in the number of bacteria against B. subtilis and E. 
coli. Clove oil’s enhanced hydrophilicity in the aqueous environ-
ment and its smaller size as a nano-produced particle within the 
nanoemulsion may be the cause of this, supporting the oil’s po-
tential as an antibacterial agent. It was shown that the clove oil 
nanoemulsion exhibited greater resistance to E. coli as compared 
to B. subtilis. Given that they are Gram-positive and Gram-negative, 
there may be a difference in the makeup of their cell walls, which 
could account for this. Because E. coli has a distinct cell wall with a 
periplasmic gap, antimicrobial drugs cannot easily destroy it. The 
lipopolysaccharide-enriched membrane of Gram-negative bacteria 
serves as a direct barrier to a variety of antimicrobial substances, 
which causes resistance to antibiotic molecules. 

Ibrar., et al. [30] developed a nanoemulsion of neomycin based 
on garlic and ginger essential oils to demonstrate their effective 
action for the rapid treatment of wound healing. In order to create 
the nanoemulsion, 100 milliliters of neomycin sulphate solution 
was sonicated for 30 minutes at room temperature with two to 
three drops of surfactant. Next, drop by drop, 10 milliliters of the 
essential oil solution was added. In order to prevent the drug and 
essential oil from degrading, the temperature was kept between 
20 and 25 ºC throughout addition. A solution of ascorbic acid at 
the same concentration was utilized as a control, and nanoemul-
sion solutions (20 µg/ml) were created by dispersing in ethanol. In 
comparison to garlic-neomycin sulfate and ginger-neomycin sul-

phate nanoemulsions, garlic-ginger nanoemulsion combinations 
and neomycin sulfate shown decreased antibacterial activity. This 
is explained by the antagonistic effects of the combined composi-
tion of ginger and garlic. When compared to neomycin sulphate - 1 
(solution), the majority of nanoemulsions showed increased activ-
ity, suggesting that they are more effective at inhibiting microbial 
growth and inflammation. The ointment containing neomycin sul-
fate-2 did not exhibit a zone of inhibition. A few of the recognized 
causes of skin infections are E. coli, S. aureus, and Bacillus species. 
All of these microorganisms have the potential to, in one way or 
another, result in life-threatening wound infections and even hos-
pitalization of patients with immunodeficiency disorders and he-
matologic cancers. Due to the comparable dosage of essential oils 
utilized in the study, nearly all nanoemulsions have a similar anti-
oxidant potential, i.e., < 99%. Antioxidant activity is essential for 
wound healing, particularly for reducing inflammation.

Black pepper essential oil (BPEO) was utilized by Nie., et al. [31] 
to create a nanoemulsion with Tween 80. Certain antioxidant ben-
efits of black pepper essential oil (BPEO) have been discovered. In 
addition to acting as a natural antioxidant, BPEO nanoemulsion has 
antifungal properties against B. theobromae and C. gloeosporioides 
as well as bacteriostatic properties against S. aureus and E. coli. The 
antibacterial action of BPEO nanoemulsion was enhanced for sev-
eral bacteria, according to analysis of the minimum inhibitory con-
centration (MIC) and minimum bactericidal concentration (MBC). 
However, for E. coli and S. aureus, the obtained MIC was the same 
for both EO and the emulsion/nanoemulsion. The antibacterial ef-
ficiency of nanoemulsions produced through microfluidization was 
notably superior when it came to E. Coli. Longer ultrasound expo-
sure raises the system’s output temperature, which can be ascribed 
to high temperatures and the breakdown of volatile chemicals in 
the presence of essential oils.

Das., et al. [32] used ripe bananas, Tween 80, glycerol, acetic 
acid, chitosan powder, and pure cumin essential oil to illustrate the 
antibacterial and antibiofilm properties of the nanoemulsion coat-
ing made from these ingredients and how it affects the shelf life 
and quality of bananas. On a hot plate, chitosan and water were 
combined for ten minutes at 40°C using a magnetic stirrer until 
the mixture turned transparent. The chitosan solution was then 
made plastic by adding 0.75 ml/g of glycerol. To get a transparent 
solution, a 1.5% concentration of cumin essential oil nanoemulsion 
was added to the chitosan solution and stirred for 30 minutes. Sub-
sequently, 1% (w/v) Tween 80 was added as an emulsifier, and a 
magnetic stirrer was used to continually agitate the mixture. After 
that, the emulsion was treated with an ultrasonic probe sonicator 
running at 300 W and a frequency of 20 kHz for 1800 s in order to 
reduce the mixture’s particle size to the nanoscale. One centimetre 
above the beaker’s bottom was where the probe was placed. The 
temperature was maintained at 25 °C, and the pulse duration of 2 
seconds on and 2 seconds off was appropriately set. The character-
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istics of nanoemulsions were then ascertained. Only a portion of 
the produced nanoemulsion’s potential to eradicate S. typhi and E. 
coli from food surfaces may be inferred from its antibacterial ac-

Oil/oil nanoemulsion
Antibacterial activity against E. coli Antibacterial activity against Staphylococcus Aureus                  

Ref.
MIC (mg mL−1) MBC (mg mL− 1) MIC (mg mL− 1) MBC (mg mL− 1) 

Carvone 0.78 1.56 0.78 1.56 [33]
Carum Copticum 75.00 150 [34]

Clove 0.5 1.0 0.25 2 [35]
Origanium vulgare 0.29 0.59 [36]

D-limonene nanoemu 0.336 1.682 0.336 1.682 [37]
Cineole-containing 14.0 14.0 [38]

N. mahanesis EO 1.25 2.27 [39]
Cinnamon bark oil 0.019 0.019 0.039 0.039 [5]

Cinnamon bark oil nano-
emulsion

0.009 0.019 0.019 0.019 [5]

Black pepper oil 12.5 25 12.5 25 [31]
Black pepper nanoemulsion 12.5 25 12.5 25 [31]

Table 1: The minimum inhibitory concentration and minimum bactericidal concentration for reference strains of E. coli and S. aureus.

*MIC: Minimum inhibitory concentration

**MBC: Minimum bactericidal concentration

tivity against planktonic organisms. These two bacteria have been 
shown to build biofilms on food surfaces, which may play a signifi-
cant role in their ability to survive, spoil, and fight antibiotics.

Conclusion
This paper describes how to prepare essential oil-based nano-

emulsions and discusses their antibacterial and antioxidant prop-
erties against pathogenic microorganisms that cause disruptions 
to the structural membrane of microbial cells. Nanoemulsion drop-
let sizes typically fall between 20 and 200 nm, and because of their 
small diameter, they appear transparent or bluish-transparent at 
these sizes. The created nanoemulsions consist mostly of water, 
oil, co-surfactant, and surfactant. Systems with water, oil, and sur-
factant constitute a kinetic barrier that keeps phases from coming 
to kinetic equilibrium, which causes the droplet size to increase. 
The nonionic surfactant Tween 80, also known as Polysorbate 80, 
is important to their preparation since it is employed as a mouth-
wash solubilizer, an emulsifier in food, and a surface-active ingre-
dient in soaps and cosmetics, including eye drops. It is also used in 
a number of pharmaceutical items. Polysorbate 20, another non-
ionic surfactant produced by ethoxylation of sorbitan monolau-
rate, is also utilized in addition to Polysorbate 80. Its stability and 
relative non-toxicity make it suitable for use in many pharmaceu-
tical, scientific, and household applications as an emulsifier and 
detergent. The microemulsion dilution method is the most widely 
used technique for creating nanoemulsions.

Conflict of Interest
The author declares there is no any financial interest or any 

conflict of interest exists.

Bibliography

1. Czerniel J., et al. “A critical review of the novelties in the devel-
opment of intravenous nanoemulsions”. European Journal of 
Pharmaceutics and Biopharmaceutics 191 (2023): 36-56. 

2. Santamaría E., et al. “Study of nanoemulsions using carvacrol/
MCT- (Oleic acid-potassium oleate)/Tween 80®-water system 
by low energy method”. Heliyon 9.6 (2023): E16967.

3. Mukherjee PK., et al. “Chapter 10 - Bioavailability of Herbal 
Products: Approach Toward Improved Pharmacokinetics, 
Editor (s): Pulok K. Mukherjee”. Evidence-Based Validation of 
Herbal Medicine, Elsevier (2015): 217-245.

4. Filippin Cossetin L., et al. “Development of nanoemulsions 
containing Lavandula dentata or Myristica fragrans essential 
oils: Influence of temperature and storage period on physical-
chemical properties and chemical stability”. Industrial Crops 
and Products 160 (2021): 113115.

5. Prakash Nirmal N., et al. “Cinnamon bark oil in water nano-
emulsion formulation, characterization, and antimicrobial ac-
tivities”. LWT 179 (2023): 114671.

6. Bi D., et al. “Unsaturated guluronate oligosaccharide used as a 
stabilizer of oil-in-water nanoemulsions loaded with bioactive 
nutrients”. Food Chemistry: X 16 (2022): 100469. 

Citation: Amra Bratovcic. “Antibacterial Properties of Nanoemulsions Based on Almond or Lavender Essential Oils". Acta Scientific Nutritional Health 8.8 
(2024): 08-15. 

https://www.sciencedirect.com/science/article/pii/S0939641123002126
https://www.sciencedirect.com/science/article/pii/S0939641123002126
https://www.sciencedirect.com/science/article/pii/S0939641123002126
https://www.sciencedirect.com/science/article/pii/S2405844023041749
https://www.sciencedirect.com/science/article/pii/S2405844023041749
https://www.sciencedirect.com/science/article/pii/S2405844023041749
https://www.researchgate.net/publication/274669181_Chapter_10_-_Bioavailability_of_Herbal_Products_Approach_Toward_Improved_Pharmacokinetics
https://www.researchgate.net/publication/274669181_Chapter_10_-_Bioavailability_of_Herbal_Products_Approach_Toward_Improved_Pharmacokinetics
https://www.researchgate.net/publication/274669181_Chapter_10_-_Bioavailability_of_Herbal_Products_Approach_Toward_Improved_Pharmacokinetics
https://www.researchgate.net/publication/274669181_Chapter_10_-_Bioavailability_of_Herbal_Products_Approach_Toward_Improved_Pharmacokinetics
https://linkinghub.elsevier.com/retrieve/pii/S0926669020310323
https://linkinghub.elsevier.com/retrieve/pii/S0926669020310323
https://linkinghub.elsevier.com/retrieve/pii/S0926669020310323
https://linkinghub.elsevier.com/retrieve/pii/S0926669020310323
https://linkinghub.elsevier.com/retrieve/pii/S0926669020310323
https://www.sciencedirect.com/science/article/pii/S0023643823002505?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0023643823002505?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0023643823002505?via%3Dihub
https://linkinghub.elsevier.com/retrieve/pii/S259015752200267X
https://linkinghub.elsevier.com/retrieve/pii/S259015752200267X
https://linkinghub.elsevier.com/retrieve/pii/S259015752200267X


14

Antibacterial Properties of Nanoemulsions Based on Almond or Lavender Essential Oils

7. Debnath S., et al. “Nanoemulsion-a method to improve the 
solubility of lipophilic drugs”. Pharmanest 2 (2011): 72-83.

8. Priyanka S and Sadhana S. “Formulation and Characterization 
of Nimodipine Nanoemulsion”. International Journal of Science 
and Research (IJSR) 11 (2023): 1337-1341.

9. Ling JKU., et al. “Insights into the release mechanisms of anti-
oxidants from nanoemulsion droplets”. Journal of Food Science 
and Technology 59.5 (2022): 1677-1691.  

10. Bratovcic A., et al. “Green Synthesis of Various Nanostructures 
Containing Essential Oil and Silver Nanoparticles: Nanocom-
posites, Nanoemulsions and Nanoencapsules”. International 
Journal of Engineering Research and Applications 13.7 (2023): 
234-242.

11. Bratovcic A and Dautovic A. “Green Synthesis of Silver 
Nanoparticles Using Aqueous Orange and Lemon Peel Extract 
and Evaluation of Their Antimicrobial Properties”. Advances in 
Nanoparticles 13 (2024): 11-28.

12. Bratovcic A. “Biosynthesis of Green Silver Nanoparticles and 
Its UV-Vis Characterization”. International Journal of Innova-
tive Science, Engineering and Technology 7 (2020): 170-176.

13. Maurya A., et al. “Essential Oil Nanoemulsion as Eco-Friendly 
and Safe Preservative: Bioefficacy Against Microbial Food De-
terioration and Toxin Secretion, Mode of Action, and Future 
Opportunities”. Frontiers in Microbiology 12 (2021): 751062.

14. Feng X., et al. “Preparation and characterization of geraniol 
nanoemulsions and its antibacterial activity”. Frontiers in Mi-
crobiology 13 (2022): 1080300.

15. Badr M., et al. “Characterization, antimicrobial activity, and 
antioxidant activity of the nanoemulsions of Lavandula spica 
essential oil and its main monoterpenes”. Journal of Drug De-
livery Science and Technology 65 (2021): 102732.

16. Furlan Goncalves Dias F., et al. “Effects of protease-assisted 
aqueous extraction on almond protein profile, digestibility, 
and antigenicity”. Current Research in Food Science 6 (2023): 
100488.

17. Li JN., et al. “Almond consumption increased UVB resistance in 
healthy Asian women”. Journal of Cosmetic Dermatology 20.9 
(2021): 2975-2980.

18. Rinaldi F., et al. “Neem Oil or Almond Oil Nanoemulsions for 
Vitamin E Delivery: From Structural Evaluation to in vivo As-
sessment of Antioxidant and Anti-Inflammatory Activity”. In-
ternational Journal of Nanomedicine 17 (2022): 6447-6465.

19. Faghihi A., et al. “Comparison of the Effects of Abdominal Mas-
sage and Oral Administration of Sweet Almond Oil on Consti-
pation and Quality of Life among Elderly Individuals: A Single-
Blind Clinical Trial”. BioMed Research International (2022): 
9661939.

20. Crișan I., et al. “Current Trends for Lavender (Lavandula an-
gustifolia Mill.) Crops and Products with Emphasis on Essen-
tial Oil Quality”. Plants (Basel). 12.2 (2023): 357.

21. Habán M., et al. “Lavandula Species, Their Bioactive Phyto-
chemicals, and Their Biosynthetic Regulation”. International 
Journal of Molecular Sciences 24.10 (2023): 8831.

22. Miastkowska M., et al. “Bioactive Lavandula angustifolia essen-
tial oil-loaded nanoemulsion dressing for burn wound heal-
ing. In vitro and in vivo studies”. Biomaterials Advances 148 
(2023): 213362.

23. Dobros N., et al. “Phytochemical Profiling, Antioxidant and 
Anti-Inflammatory Activity of Plants Belonging to the Lavan-
dula Genus”. Molecules 28.1 (2022): 256.

24. Batiha GE., et al. “A review of the bioactive components and 
pharmacological properties of Lavandula species”. Naunyn-
Schmiedeberg’s Archives of Pharmacology 396.5 (2023): 877-
900.

25. Sadat Firoozeei T., et al. “The antidepressant effects of laven-
der (Lavandula angustifolia Mill.): A systematic review and 
meta-analysis of randomized controlled clinical trials”. Com-
plementary Therapies in Medicine 59 (2021): 102679.

26. Yuan L., et al. “Influence of Nanoemulsion Droplet Size of Re-
moving Water Blocking Damage in Tight Gas Reservoir”. Ener-
gies 15.14 (2022): 5283.

27. Alencar-Luciano W., et al. “Effect of digestible versus non-di-
gestible citral nanoemulsions on human gut microorganisms: 
An in vitro digestion study”. Food Research International 173.1 
(2023): 113313.

28. Farnaz Sadeghian S., et al. “Effects of natural antioxidants and 
high-energy fabrication methods on physical properties and 
oxidative stability of flaxseed oil-in-water nanoemulsions”. Ul-
trasonics Sonochemistry 92 (2023): 106277.

29. Sharma M., et al. “Physico-chemical characterization of ultra-
sound assisted clove oil-loaded nanoemulsion: As enhanced 
antimicrobial potential”. Biotechnology Reports 34 (2022): 
e00720.

Citation: Amra Bratovcic. “Antibacterial Properties of Nanoemulsions Based on Almond or Lavender Essential Oils". Acta Scientific Nutritional Health 8.8 
(2024): 08-15. 

https://www.semanticscholar.org/product/api
https://www.semanticscholar.org/product/api
https://www.ijsr.net/archive/v11i1/SR22125144848.pdf
https://www.ijsr.net/archive/v11i1/SR22125144848.pdf
https://www.ijsr.net/archive/v11i1/SR22125144848.pdf
https://www.researchgate.net/publication/351442697_Insights_into_the_release_mechanisms_of_antioxidants_from_nanoemulsion_droplets
https://www.researchgate.net/publication/351442697_Insights_into_the_release_mechanisms_of_antioxidants_from_nanoemulsion_droplets
https://www.researchgate.net/publication/351442697_Insights_into_the_release_mechanisms_of_antioxidants_from_nanoemulsion_droplets
https://www.researchgate.net/publication/372576818_Green_Synthesis_of_Various_Nanostructures_Containing_Essential_Oil_and_Silver_Nanoparticles_Nanocomposites_Nanoemulsions_and_Nanoencapsules
https://www.researchgate.net/publication/372576818_Green_Synthesis_of_Various_Nanostructures_Containing_Essential_Oil_and_Silver_Nanoparticles_Nanocomposites_Nanoemulsions_and_Nanoencapsules
https://www.researchgate.net/publication/372576818_Green_Synthesis_of_Various_Nanostructures_Containing_Essential_Oil_and_Silver_Nanoparticles_Nanocomposites_Nanoemulsions_and_Nanoencapsules
https://www.researchgate.net/publication/372576818_Green_Synthesis_of_Various_Nanostructures_Containing_Essential_Oil_and_Silver_Nanoparticles_Nanocomposites_Nanoemulsions_and_Nanoencapsules
https://www.researchgate.net/publication/372576818_Green_Synthesis_of_Various_Nanostructures_Containing_Essential_Oil_and_Silver_Nanoparticles_Nanocomposites_Nanoemulsions_and_Nanoencapsules
https://www.scirp.org/journal/paperinformation?paperid=132932
https://www.scirp.org/journal/paperinformation?paperid=132932
https://www.scirp.org/journal/paperinformation?paperid=132932
https://www.scirp.org/journal/paperinformation?paperid=132932
https://ijiset.com/vol7/v7s7/IJISET_V7_I7_17.pdf
https://ijiset.com/vol7/v7s7/IJISET_V7_I7_17.pdf
https://ijiset.com/vol7/v7s7/IJISET_V7_I7_17.pdf
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.751062/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.751062/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.751062/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.751062/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.1080300/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.1080300/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.1080300/full
https://www.sciencedirect.com/science/article/abs/pii/S1773224721004123
https://www.sciencedirect.com/science/article/abs/pii/S1773224721004123
https://www.sciencedirect.com/science/article/abs/pii/S1773224721004123
https://www.sciencedirect.com/science/article/abs/pii/S1773224721004123
https://www.sciencedirect.com/science/article/pii/S2665927123000564?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2665927123000564?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2665927123000564?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2665927123000564?via%3Dihub
https://onlinelibrary.wiley.com/doi/full/10.1111/jocd.13946
https://onlinelibrary.wiley.com/doi/full/10.1111/jocd.13946
https://onlinelibrary.wiley.com/doi/full/10.1111/jocd.13946
https://www.researchgate.net/publication/366434311_Neem_Oil_or_Almond_Oil_Nanoemulsions_for_Vitamin_E_Delivery_From_Structural_Evaluation_to_in_vivo_Assessment_of_Antioxidant_and_Anti-Inflammatory_Activity
https://www.researchgate.net/publication/366434311_Neem_Oil_or_Almond_Oil_Nanoemulsions_for_Vitamin_E_Delivery_From_Structural_Evaluation_to_in_vivo_Assessment_of_Antioxidant_and_Anti-Inflammatory_Activity
https://www.researchgate.net/publication/366434311_Neem_Oil_or_Almond_Oil_Nanoemulsions_for_Vitamin_E_Delivery_From_Structural_Evaluation_to_in_vivo_Assessment_of_Antioxidant_and_Anti-Inflammatory_Activity
https://www.researchgate.net/publication/366434311_Neem_Oil_or_Almond_Oil_Nanoemulsions_for_Vitamin_E_Delivery_From_Structural_Evaluation_to_in_vivo_Assessment_of_Antioxidant_and_Anti-Inflammatory_Activity
https://pubmed.ncbi.nlm.nih.gov/35774276/
https://pubmed.ncbi.nlm.nih.gov/35774276/
https://pubmed.ncbi.nlm.nih.gov/35774276/
https://pubmed.ncbi.nlm.nih.gov/35774276/
https://pubmed.ncbi.nlm.nih.gov/35774276/
https://www.mdpi.com/2223-7747/12/2/357
https://www.mdpi.com/2223-7747/12/2/357
https://www.mdpi.com/2223-7747/12/2/357
https://www.mdpi.com/1422-0067/24/10/8831
https://www.mdpi.com/1422-0067/24/10/8831
https://www.mdpi.com/1422-0067/24/10/8831
https://pubmed.ncbi.nlm.nih.gov/36921462/
https://pubmed.ncbi.nlm.nih.gov/36921462/
https://pubmed.ncbi.nlm.nih.gov/36921462/
https://pubmed.ncbi.nlm.nih.gov/36921462/
https://www.mdpi.com/1420-3049/28/1/256
https://www.mdpi.com/1420-3049/28/1/256
https://www.mdpi.com/1420-3049/28/1/256
https://link.springer.com/article/10.1007/s00210-023-02392-x
https://link.springer.com/article/10.1007/s00210-023-02392-x
https://link.springer.com/article/10.1007/s00210-023-02392-x
https://link.springer.com/article/10.1007/s00210-023-02392-x
https://pubmed.ncbi.nlm.nih.gov/33549687/
https://pubmed.ncbi.nlm.nih.gov/33549687/
https://pubmed.ncbi.nlm.nih.gov/33549687/
https://pubmed.ncbi.nlm.nih.gov/33549687/
https://www.mdpi.com/1996-1073/15/14/5283
https://www.mdpi.com/1996-1073/15/14/5283
https://www.mdpi.com/1996-1073/15/14/5283
https://www.sciencedirect.com/science/article/pii/S096399692300858X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S096399692300858X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S096399692300858X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S096399692300858X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S135041772200373X
https://www.sciencedirect.com/science/article/pii/S135041772200373X
https://www.sciencedirect.com/science/article/pii/S135041772200373X
https://www.sciencedirect.com/science/article/pii/S135041772200373X
https://www.sciencedirect.com/science/article/pii/S2215017X22000200?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2215017X22000200?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2215017X22000200?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2215017X22000200?via%3Dihub


15

Antibacterial Properties of Nanoemulsions Based on Almond or Lavender Essential Oils

30. Ibrar M., et al. “Garlic and ginger essential oil-based neomy-
cin nano-emulsions as effective and accelerated treatment for 
skin wounds’ healing and inflammation: In-vivo and in-vitro 
studies”. Saudi Pharmaceutical Journal 30.12 (2022): 1700-
1709.

31. Nie Y., et al. “Stability and bioactivity evaluation of black pep-
per essential oil nanoemulsion”. Heliyon 9.4 (2023): E14730.

32. Kumar Das S., et al. “Antibacterial and antibiofilm activities of 
nanoemulsion coating prepared by using caraway oil and chi-
tosan prolongs the shelf life and quality of bananas”. Applied 
Food Research 3.1 (2023): 100300.

33. Alqarni MH., et al. “Caraway Nanoemulsion Gel: A Potential 
Antibacterial Treatment against Escherichia coli and Staphy-
lococcus aureus”. MDPI 9.3 (2023): 193.

34. Dabowl AE and Mohsenzadeh M. “Physicochemical, antioxi-
dant, antibacterial and antibiofilm activity of Carum copticum 
essential oil nanoemulsion on Escherichia coli O157:H7 and 
Listeria monocytogenes”. Veterinary Research Forum 12.4 
(2021): 437-444.

35. Sun H., et al. “Antimicrobial behavior and mechanism of clove 
oil nanoemulsion”. Journal of Food Science and Technology 
59.5 (2022): 1939-1947.

36. da Silva BD., et al. “Antioxidant, Antibacterial and Antibio-
film Activity of Nanoemulsion-Based Natural Compound 
Delivery Systems Compared with Non-Nanoemulsified Ver-
sions”. Foods 12.9 (2023): 1901.

37. Hou CY., et al. “Effect of D-Limonene Nanoemulsion Edible 
Film on Banana (Musa sapientum Linn.) Post-Harvest Preserva-
tion”. Molecules 27.19 (2022): 6157. 

38. Tayonara S Lima., et al. “Cineole-containing nanoemulsion: 
Development, stability, and antibacterial activity”. Chemistry 
and Physics of Lipids 239 (2021): 105113.

39. Li M., et al. “Chemical Composition, Antimicrobial and Anti-
oxidant Activity of Essential Oil from Allium tenuissimum L. 
Flowers”. Foods 11 (2022): 3876.

Citation: Amra Bratovcic. “Antibacterial Properties of Nanoemulsions Based on Almond or Lavender Essential Oils". Acta Scientific Nutritional Health 8.8 
(2024): 08-15. 

https://www.sciencedirect.com/science/article/pii/S1319016422002377?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319016422002377?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319016422002377?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319016422002377?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1319016422002377?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/37025856/
https://pubmed.ncbi.nlm.nih.gov/37025856/
https://www.sciencedirect.com/science/article/pii/S2772502223000392
https://www.sciencedirect.com/science/article/pii/S2772502223000392
https://www.sciencedirect.com/science/article/pii/S2772502223000392
https://www.sciencedirect.com/science/article/pii/S2772502223000392
https://www.mdpi.com/2310-2861/9/3/193
https://www.mdpi.com/2310-2861/9/3/193
https://www.mdpi.com/2310-2861/9/3/193
https://pubmed.ncbi.nlm.nih.gov/35529811/
https://pubmed.ncbi.nlm.nih.gov/35529811/
https://pubmed.ncbi.nlm.nih.gov/35529811/
https://pubmed.ncbi.nlm.nih.gov/35529811/
https://pubmed.ncbi.nlm.nih.gov/35529811/
https://link.springer.com/article/10.1007/s13197-021-05208-z
https://link.springer.com/article/10.1007/s13197-021-05208-z
https://link.springer.com/article/10.1007/s13197-021-05208-z
https://www.mdpi.com/2304-8158/12/9/1901
https://www.mdpi.com/2304-8158/12/9/1901
https://www.mdpi.com/2304-8158/12/9/1901
https://www.mdpi.com/2304-8158/12/9/1901
https://www.mdpi.com/1420-3049/27/19/6157
https://www.mdpi.com/1420-3049/27/19/6157
https://www.mdpi.com/1420-3049/27/19/6157
https://www.sciencedirect.com/science/article/pii/S0009308421000669?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0009308421000669?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0009308421000669?via%3Dihub
https://www.mdpi.com/2304-8158/11/23/3876
https://www.mdpi.com/2304-8158/11/23/3876
https://www.mdpi.com/2304-8158/11/23/3876

