
ABSTRACT
Bacterial infectious diseases are still one of the main causes of death and severity of bacterial infections, which have markedly  gone 
up mainly due to the emergence of multidrug resistant bacteria. The aim of this study was to prepare nano-emulsions using Coriander 
and Dill and Flaxseed essential oils and investigate their antibacterial activities. Three nano-emulsions (NEs) were produced by 
mixing essential oils, surfactants and water with droplet sizes of NEs formulations in the range of 25-62 nm. No toxicity was recorded 
for Coriander and Dill at 100 µl/ml while Flaxseed NE showed moderate toxicity. Standard local pure cultures of Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae and Candida albicans were obtained.  Dill NEs and Coriander 
NEs showed moderate activities   against both S. aureus and E. coli with inhibition zone diameter rang ing from 12-14 mm and weak 
activities against K, pneumoniae and P. aeruginosa. The three tested Oil Nanoemulsions showed weak inhibition activity with an 
inhibition zone diameter of 10 mm against Candida albicans as a test yeast. The best minimum inhibitory concentrations (MICs) of 
nanoemulsions was for flaxseed NE against all the tested Gram negative bacteria but the results were higher than that obtained by the 
control antibiotic that showed excellent activity.  In conclusion, the tested NEs showed inhibitory activity against the tested bacteria 
due to inhibition of vital microbial functions such as cellular transport and/or energy production.
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INTRODUCTION

All over the world, infections with bacteria are considered 
severe public health problems and almost food-borne diseases 
are caused by bacteria which cause diarrheal disease, the 
commonest food borne disease. the Gram-negative bacteria, 
Escherichia coli, Shigella and Salamonella in addition to 
the Gram positive, Bacillus cereus, Staphylococcus aureus, 
methicillin-resistant S. aureus (mrsa) were the main 
causative agents of almost all food-borne diseases. The huge 
use of antibiotics to treat these dangerous infections led to 
the emergence of many multidrug resistant bacteria which 
are the main threats that affect human health (berglund, 
2015; Dadonaite et al., 2018; Awol et al., 2019; Tariq et al., 
2019; Al-Nabulsi et al., 2020; Alsayeqh, 2020; Al-Seghayer 
and Al-Sarraj, 2021).
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Mortality and morbidity are increased due to the increase in 
appearance of multi drug resistant bacteria, thus demand for 
new antimicrobial agents is increased. There is increasing 
interest in secondary and aromatic metabolites of medicinal 
plants due to their well known antimicrobial properties 
and their success in treatment of several diseases.  These 
plant metabolites can be used especially as natural food 
preservative instead of chemical ones which were very 
harmful to human health. Nowadays, several natural 
materials especially plant essential oils (EOs) have been 
shown to exhibit broad spectrum inhibitory activities against 
various Gram positive and Gram-negative pathogenic 
bacteria and in fact, they can be used to replace synthetic 
antimicrobial agents. These plant essential oils inhibit 
undesirable bacterial growth without the appearance of 
resistant isolates (Dhifi et al., 2016; tariq, 2019; long et al., 
2019; raut and Karuppayil, 2014; long et al., 2019). the 
antibacterial activities of plants essential oils of oregano, 
cinnamon, and rosemary, sage thyme, lemon grass, clove, 
lavender and tea leaves were extensively studied (Najafi-
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taher et al., 2018; Gago et al., 2019; Yazgan, 2020; Guo et 
al., 2020; Falleh et al., 2021).

They showed excellent to moderate antimicrobial activities 
against both Gram positive and negative bacterial pathogens 
by denaturation of the bacterial cell membrane which 
cause potassium and ions leakage in addition to other cell 
components and finally, cell death. these plant essential 
oils are hydrophobic compounds and usually have quite 
low solubility in water, which limits their utilization in 
aqueous-based foods and beverages. This problem could be 
simply resolved by encapsulating these essential oils within 
emulsion-based delivery systems to enhance their biological 
activities. Therefore, several attempts to incorporate 
essential oils into different nano-delivery systems have been 
reported (Donsı and Ferrari, 2016; tariq, 2019; aly et al., 
2019; al-otaibi, 2021; hassan et al., 2021; upadhyay et al., 
2021; Almasi et al., 2021; Mansouri et al., 2021).

After essential oils are encapsulated into suitable emulsion 
delivery systems (Nanoemulsion), they can then be 
incorporated into aqueous-based foods (e.g., beverages) 
and other products by simple mixing. The nano emulsions 
has a broad spectrum of activity against bacteria, viruses, 
fungi and some dermatophytes and spores forming bacteria 
(alkhatib et al., 2013, chime et al., 2014; chang et al., 2015; 
Alkhatib et al., 2016 a, b). These nano-emulsion solutions 
were mainly oil dispersed in water with a diameter ranged 
from 2-200 nm and stabilized by an interfacial film of 
surfactant and/or co-surfactant.  Essential oil nanoemulsions 
enhance the antimicrobial properties of EOs and prevent 
the growth of bacteria. Therefore, the aims of this study 
were to extract and prepare essential oil nano emulsion 
from Coriandrum sativum (Flaxseed), Anethum graveolens 
(Coriander) and Linum usitatissimum (Dill) to be used as 
alternatives food preservative or as antimicrobial agents 
against some bacterial pathogens.

MATERIAL AND METHODS

Standard local pure cultures of Escherichia coli 25922, 
Staphylococcus aureus 29213, Pseudomonas aeruginosa 
27853, Klebsiella pneumoniae 700603 and candida 
albicans 10231 were obtained from microbiological lab., 
Faculty of science, King abdulaziz university. all the 
tested isolates were checked for purity using different 
phenotypic and biochemical assays like Gram reaction, 
API20E, hemolytic activity and Oxidase, peroxidase and 
gelatinase tests (Ibrahim et al., 2014). Pre-culture of each 
test organism was prepared using a nutrient broth medium. 
under aseptic conditions, agar well diffusion method and 
minimum inhibitory concentration were used to determine 
the antimicrobial activity of NEs.

Plants seeds were oven dried for 24 hrs at 70°C. Then, the 
dried seeds were broken into fine powder and essential oils 
were extracted from 600 g of the dried and powdered seeds 
by hexane at 65 - 70°c using soxhlet extractor (stony lab 
500 ml Soxhlet Type Extraction Apparatus). The resulting 
essential oils were stored at -20°C in sealed brown glass 
vials until use. Water in oil NEs were prepared by mixing 
1ml from distilled water, 500 μl from previously extracted 

essential oils and 100μl from each non-ionic surfactant 
(tween80, span 20), except for Linum usitatissimum where 
200 μl from tween80 were used (alkhatib et al., 2013). the 
mixtures were sealed and placed in boiling water up to 90-
100°C in the water bath until slightly opaque nanoemulsion 
was formed, similar to the color of their extracted essential 
oils (Al-Sowayigh et al., 2019, Aldahlawi et al., 2020). 
Different concentrations of nanoemulsions, 35, 50 and 100 
ppm were prepared from each plant oil and all the prepared 
concentrations were preserved at 4◦c until used.

All prepared NEs were diluted with media (DMEM) and 
centrifuged at 4500 rpm for 15 min. Then, droplet size and 
zeta potential of nanoemulsions were obtained at 25°C and 
analyzed using Zetasizer Nano analyzer. Artemia salina, 
commonly known as brine shrimp, was used as test organism 
to investigate the toxicity of essential oils nanoemulsions 
using lethality bioassay technique (aly and Gumgumjee, 
2011; mcclements and rao, 2011; aldahlawi et al., 2020). 
About 8 ml of solution containing Artemia salina (water life 
De-capsulated brine shrimp eggs) were added to a hatching 
chamber containing 300 ml of tap water with a small spoon 
of food salt and a little of baking soda.

the hatching chamber was left under an inflorescent bulb 
and air pump for 24-48 h for the eggs to hatch into shrimp 
larvae. Hatching larvae were collected into a beaker with 
plastic pipette and separated from the eggs. Then, 10 larvae 
of Artemia salina were collected and added to small Petri 
plate. the final volume of water in each plate was adjusted 
to 5 ml with seawater, immediately after adding the larvae. 
Different concentrations of NEs including 25, 50, 75 and 100 
μl were then added to plates and left at room temperature for 
4 hrs. After 4 hrs the number of larvae that survived in each 
plate was determined under stereo microscope (oPtiKa). 
Percentage of cell mortality of the brine shrimp obtained 
for each concentration of NEs was recorded.

under aseptic conditions, Petri plates (90 mm×15 mm) were 
prepared by pouring 15 ml of sterile Mueller Hinton agar 
medium in each plate and the agar was allowed to solidify. 
about 100 μl of freshly prepared inoculum suspensions of 
bacteria (1.5×108 cFu/ml) and yeast (2x106 cFu/ml) was 
added using micropipette and uniformly swabbed all over 
the surface of the Mueller Hinton agar plates using sterile 
cotton swab by rotating the plate 60 degrees after each 
application to spread the bacteria and yeast on the surface 
of the agar plate completely. After inoculum absorption by 
agar, three wells of 7mm diameter were made in the agar 
with the help of sterile cork-borer and labeled properly 
(Nolte and metchock, 1995). Each well was filled with 100 
μl of the nanoemulsion using micropipette. Plates were left 
for 1-2 hrs at room temperature to allow proper diffusion of 
the nanoemulsion to occur in the medium. The plates were 
then incubated without inverting at 37°c for 24 hrs. the 
average diameter of the inhibition zone surrounding the 
well was measured (Al-Sowayigh et al., 2019).

Antimicrobial activity of prepared nanoemulsions was 
determined using Broth microdilution method. In sterile 
plastic, disposable, microtitration plates with 96 flat-bottom 
wells, 100 μl/well of sterile distilled water was added into 
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12 wells using micropipette. The tested microorganisms 
were prepared from overnight nutrient broth culture and 
adjusted to 0.5 turbidity using McFarland standard. Then, 
5-7 drops of phenol red indicator were added to the adjusted 
suspensions (Phenol red solution 0.5% in DPBS, purchased 
from sigma chemicals co., st. louis, mo, usa). after that, 
25 μl/well of prepared bacterial inoculum (1.5×108cFu/
ml) and yeast (2x106cFu/ml) was added into 12 wells, and 
then 125 μl of prepared NEs was added into well number 1 
for each organism and mixed properly.

Two-fold dilution of NEs was prepared by transferring 125 
μl from well 1 to well 2 and so on and keep diluting and 
mixing until well 11. The last well 12 serves as growth 
control (negative control). Finally, the plates were incubated 
for 24 hrs at 37°c with shaking. the procedure was repeated 
for each a nanoemulation with all tested organisms. The MIC 

was determined by changing in the color of the medium. 
Appearance of pink color indicates the MIC which is the 
lowest concentration of an antimicrobial agent that inhibits 
the visible growth of a microorganism (Al-Sowayigh et al., 
2019). All data were expressed as mean ±standard deviation 
(x ̅ ± sD). statistical analysis was performed with one-way 
analysis of variance (ANOVA) and pairwise t-test using 
megastat and microsoft Excel. the statistical significance 
difference was considered when p-value <0.05.

RESULTS AND DISCUSSION

Zetasizer Nano analyzer was used to identify the Droplet size 
(Z-average), polydispersity index (PDI), homogeneity or 
quality of the dispersion and Zeta potential (electrophoretic 
mobility) of the nanoemulsions formulations. Droplets size 
was in the range between 25-62 nm. All NEs have negative 
zeta potential values as shown in Table 1. 

            Oil Nanoemulsions  Z-average PDI Zeta potential
Scientific name  Common name diameter (nm)  (mV)

Linum usitatissimum Flaxseed NEs 38.3 ± 8.28 0.216 0.26± 0.048
Coriandrum sativum coriander NEs 55.25 ± 6.13 0.111 -2.36 ± 2.74
Anethum graveolens Dill NEs 28.67 ± 3.13 0.109 -2.17 ± 2.13

Table 1. The Z-average diameters, PDIs and zeta potential measurements of 
Nanoemulsion formulations expressed as x ̅ ± SD.

Tested NEs  Toxicity (% of mortality)  
 25 μl/ml 50 μl/ml 75 μl/ml 100 μl/ml

Flaxseed NEs 20% 33% 30% 50%*
coriander NEs 10% 23% 20% 20%
Dill NEs 5% 20% 20% 40%
Control 0% 0% 0% 0%

*toxic concentration 

Table 2. Toxicity of NEs against Artemia salina

Artemia salina was used to test the toxicity of 3 different 
essential oils nanoemulsions. The mortality percentage was 
determined under stereo microscope. The NE concentration 
that kills 50% of the brine shrimps (lc50) considered toxic. 
No toxicity was found for each of the NEs concentrations 
even for the highest concentration 100 μl, except for 
flaxseed NE at 100 μl which showed inhibition of 50% of 
the brine shrimps as shown in table 2. lc50 of flaxseed NEs 
was obtained at 100 μl/ml. this is meaning that increase 
NEs concentration may be lead to more mortality percentage 
of Artemia salina larva.

The activity of NEs was tested against pathogenic bacteria 
and yeast using agar well diffusion method. the results of 
table 3 represent the mean diameters of inhibition zones 
(mm) exhibited by NEs against the tested bacteria and 
yeast. NEs showed moderate activity against the tested 

bacteria and Candida. Flaxseed NEs showed excellent 
activity against Gram negative bacteria with mean diameter 
of 18 mm while low activity was recorded against Gram 
positive bacteria with mean diameter of 14 mm. Dill NEs 
and Coriander NEs showed moderate activities  against both 
S. aureus and E. coli with inhibition zone diameter ranged 
from 12-14 mm and weak activities against K, pneumoniae 
and P. aeruginosa.

The three tested Oil Nanoemulsions showed weak inhibition 
activity with inhibition zone diameter of 10 mm against 
Candida albicans as a test yeast. Also, minimum inhibitory 
concentrations (MICs) of nanoemulsions were determined 
for the tested pathogens represented in Table 4. The lowest 
MIC range   (19-25 %) was recorded for Flaxseed NEs while 
the range was 29.7 to 31.0% for coriander NEs and was 
ranged from 24.2-42.1 % for Dill NEs. Cefaclor (control 
antibacterial agent) had MIC ranged from 2-5 µg/ml while 
Fluconazole (control antifungal agent) had MIC (5 µg/ml) 
against Candida albicans.

A lot of attention was given to nanoemulsions which 
were produced for protecting and delivering certain plant 
essential oils. These nanoemulsions were characterized 
mainly by measuring the droplet size, viscosity, thermal 
stability and refractive index. Three nanoemulsions 
(NEs) of Flaxseed, Coriander  and Dill  were produced by 
mixing the tested essential oil, surfactants, and water and 
heating the competent in a water bath until clearance. The 
physical properties of the obtained NEs formulations were 
determined and the results were similar to that obtained by 
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Ozogula et al. (2020) for thyme essential oil nanoemulsions. 
The roles of the previous nanoemulsions in controlling 
Dendritic cells phenotype expression, apoptosis, and 
cytokine secretion were recorded before by Aldahlawi et al 
(2020). Non-significant effect on the viability and apoptosis 

of dendritic cells was noticed by these NEs and they have 
a tolerogenic effect on these cells. the prepared Flaxseed, 
Coriander and Dill NEs had droplet sizes in the range of 
25-62 nm. Similarly, Neem nanoemulsion was successfully 
prepared and had means droplet size of 67.85 nm (Ghotbi 
et al 2014; Donsı and Ferrari, 2016).

Tested NEs   Diameter of inhibition zone (mm) mean ±SD
 Staphylococcus Escherichia Klebsiella Pseudomonas Candida
 aureus coli pneumoniae aeruginosa albicans

Flaxseed NEs 14.7±0.6ac 18.3±1.5d 18.3±2.1d 18.0±1.0d 10.0±1.0e
coriander NEs 13.0±1.5ac 14.0±1.5a 11.0±1.1c 11.0±1.4c 10.5±1.5e

Dill NEs 13.0±1.0ac 14.0±0.9c 10.0±0.5c 10.0±1.6c 10.4±2.5e

cefaclor* 25.0±1.6ac 34.6±1.5b 39.3±1.5c 30.0±1.0b NA
Fluconazole* Na Na Na Na 22.0±1.3f

*cefaclor was used as control for bacteria, Fluconazole was used as control for yeast. Na:  Not 
applicable. the data are presented as mean ± sD, n= 3. the same letters indicated non significant 
results at p< 0.05.

Table 3. Antimicrobial activity of NEs using agar well diffusion assay.

Tested NEs  MICs of NEs (%, v/v)
 Staphylococcus Escherichia Klebsiella Pseudomonas Candida
 aureus coli pneumoniae aeruginosa albicans

Flaxseed NEs 25.7±5.0# 21.8±2.9# 21.8±2.2# 19.9±1.9# 43.7±2.0#

coriander NEs 29.7±2.3# 31.0±3.9# 31.0±4.5 31.0±0.9# 31.0±9.9#

Dill NEs 26.7±1.0# 24.3±2.7# 42.1±11.9 31.0±2.1# 34.3±7.9#

cefaclor* (µg/ml) 5.0±0.12 2.0±0.09 3.9±0.06 3.9±0.11 Na
Fluconazole* (µg/ml) Na Na Na Na 5.0±0.03

*cefaclor was used as control for bacteria, Fluconazole was used as control for yeast. Na:  Not 
applicable., the data are presented as mean ± sD, n= 3. the symbol # : indicates significant results 
at  p< 0.05 compared to control.

Table 4. MICs of NEs against the tested microorganisms.

It was reported that using a mixture of surfactants to prepare 
nanoemulsions from plant essential oils provides better 
effectiveness than one. the droplet size increases as the 
amount of water increases and decreases with the amount 
of surfactant due to the increase in interfacial area and the 
decrease in the interfacial tension. It was clear that the 
amounts of components used in the preparation of NEs 
affects the droplet size of the nanoparticles. Non-ionic 
surfactants have hydrophilic and lipophilic molecules that 
balance size and strength of these opposing molecules is 
called a hydrophilic-lipophilic balance number (Porras et 
al., 2004; Ibrahim et al., 2015).

Artemia salina, known as brine shrimp, is one of the 
standard organisms for testing the toxicity of chemicals. 
It is the most convenient test organism for toxicity tests, 
because of its easy hatching from dry cysts and its eggs can 

be stored for years without losing their viability (Sorgeloos 
et al., 1978, ruebhart et al., 2008). all the tested NEs 
had different antimicrobial activities against all the tested 
microorganisms, Gram positive and negative bacteria and 
yeast. the best mic was for flaxseed NE against all the 
tested microorganisms. agar diffusion tests are often used 
as qualitative methods to determine whether a bacterium 
is resistant, intermediately resistant or susceptible to the 
tested antimicrobial agent.

Another method to determine the antimicrobial activity 
of NEs was minimum inhibitory concentrations (MIC) 
which is a quantitative method and considered as the 
‘gold standard’ for determining the susceptibility of 
organisms to antimicrobials, therefore it was used to judge 
the performance of all other methods of susceptibility 
testing (andrews, 2001). although, the Gram negative 
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bacteria contain a high lipid layer which is less susceptible 
to antimicrobial agents, the NE prepared using the 
surfactant can overcome the lipid barriers and increase 
the susceptibility of the bacterial cells (Gupta et al., 
2014). Ziani et al. (2011) studied the activity of thyme oil 
(TO) nanoemulsions against some yeast isolates such as 
Saccharomyces cerevisiae Brettanomyces naardenensis 
and B. bruxellensis while Meral et al., (2019) recorded 
the antimicrobial activities some bacteria, Pseudomonas 
aeruginosa, E. coli and Salmonella typhimurium.
 
Nanoemulsions based on essential oil of thyme showed 
inhibitory activity against some food borne pathogens 
bacteria (Salmonella paratyphi, Staphylococcus aureus, 
Enterococcus faecalis and Klebsiella pneumoniae 
in addition to some spoilage bacteria of fish. The 
nanoemulsions affect the cell wall morphology in 
addition to the damage in bacterial cell membranes. Thus, 
preparation of nanoemulsions from essential plant oil 
increased antibacterial activity and can be used as food 
preservative agent during processing or packaged fish or 
food products.

CONCLUSION

As a conclusion from experiments that performed on 
different pathogens, all nanoemulsions had no toxic effect 
(lc50) at different concentrations when tested against brine 
shrimp, except for flaxseed NEs that showed the highest 
inhibition zones against all the tested microorganisms, and 
the best activity was against Gram negative bacteria, E. 
coli, K. pneumoniae, P. aeruginosa. Dill NEs and Coriander 
NEs showed the highest inhibition against E. coli. The best 
(lowest) mic was recorded for flaxseed NE against the three 
tested Gram negative bacterial while higher mics (lower 
activities were recorded for coriander NE and Dill NEs. 
So, all NEs have antimicrobial activity against multidrug 
resistant pathogens, thus they can be used in medicine and 
food industries.
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