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Abstract

Background: Linum usitatissimum Seed Essential Oil (LSEO) as an efficient antimicrobial compound contains various types of phy-
tochemicals, such as lignans and phenols.
Objectives: In the current study, we produced LSEO nanoemulsion (LSEO-NE) to study its antioxidant capacity and bactericidal ac-
tivity against Staphylococcus aureus.
Methods: The LSEO-NE was produced using the ultrasonication method and characterized by Atomic Force Microscopy (AFM), Dy-
namic Light Scattering (DLS), and Scanning Electron Microscopy (SEM). Then, we measured its antioxidant activity utilizing both
ABTS and DPPH tests at four different LSEO-NE concentrations (200, 600, 800, and 1000 µg/mL) compared to glutathione. Finally,
we evaluated its bactericidal activity on S. aureus by studying Antibiotic Susceptibility Testing (AST) using LSEO-NE-smeared discs
compared to non-smeared and kanamycin discs.
Results: The 67.3 nm droplets of LSEO-NE with PDI of 0.452 exhibited strong antioxidant activity, similar to glutathione, in both
ABTS (IC50 = 350µg/mL) and DPPH (IC50 = 235µg/mL) tests. Moreover, the AST results revealed the significant sensitivity of S. aureus
to LSEO-NE-smeared discs when compared to non-smeared and kanamycin discs.
Conclusions: According to the results, LSEO-NE can be applied as a safe, natural, and effective antibiotic for bacterial infections
caused by S. aureus in most organs, such as the respiratory system and skin. However, further in vivo studies are required to evaluate
the LSEO-NE antibacterial efficiency against other pathogenic S. aureus strains.
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1. Background

Linum usitatissimum (flax), an annual herb from the
genus Linum of family Linaceae, grows in Mediterranean
and temperate belts. The flax seed essential oil is known
as the primordial oil applied in varnishes, bio-insecticides,
paints, and herbicides. It contains flavonoids, phenols, and
lignins, which can influence cell growth and survival (1,
2). Linum usitatissimum Seed Essential Oil (LSEO) has in-
dividual phytochemical components containing lignans,
flavonoids, and phenolic acids, which have been approved
as strong radical scavenging and antibacterial agents (3).

The medicinal application of essential oils is limited
due to their low bio-accessibility and water-solubility. In
this regard, various types of influencer tools called drug de-
livery systems have been utilized to optimize therapeutic
efficiency, such as nanoemulsions of nonpolar compounds
like herbal essential oils (4). The 20 to 200 nm hydropho-
bic or hydrophilic droplets in opposite solutions encapsu-

lating either polar or non-polar compounds are called na-
noemulsions (5).

Several types of emulsification processes are available
based on the amount of consumed energy in the process
of droplet formulation, including low (spontaneous) and
high (ultrasound-based) energy-consuming methods. The
latter method provides nanoscale emulsions by consum-
ing ~ 108 – 1010 Watt per kilogram (W.kg-1) energy (6). It
is a safe, easy, fast, and cost-effective method for nano-
emulsification. The smallest droplets are the best in bi-
ological applications due to their improved absorbency,
stability, and solubility (7). Currently, nanoemulsions are
produced by encapsulating hydrophobic essential oil in
a hydrophilic-continuous phase (8, 9). These types of na-
noemulsions are widely used in the pharmaceutical indus-
try as anticancer, antioxidant, and antimicrobial agents
(10, 11).

One of the most dangerous bacterial infections is

Copyright © 2020, International Journal of Infection. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the
original work is properly cited.

http://dx.doi.org/10.5812/iji.101639
https://crossmark.crossref.org/dialog/?doi=10.5812/iji.101639&domain=pdf


Keykhasalar R et al.

caused by Staphylococcus aureus strains, especially in the
skin and respiratory system (12). Different types of antibi-
otics, such as kanamycin, have been introduced for the
treatment of such infections (13). However, several unde-
sirable side effects have been reported for kanamycin con-
sumption, such as ototoxic effects (14). Thus, the search for
a less toxic and safe compound seems to be required.

2. Objectives

This study aimed to prepare LSEO Nanoemulsions
(LSEO-NE) and characterize it using Atomic Force Mi-
croscopy (AFM), Dynamic Light Scattering (DLS), and Scan-
ning Electron Microscopy (SEM). Then, its antioxidant ac-
tivity was evaluated, utilizing both ABTS and DPPH tests. Fi-
nally, the bactericidal activity of LSEO-NE was investigated
against S. aureus.

3. Methods

3.1. Material

We obtained Linum usitatissimum seed essential
oil (flaxseed oil, commercially available, Dr. Zarghani,
Mashhad, Iran). Nonionic surfactant Tween 80, nu-
trient broth medium, kanamycin, 2,2-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) were supplied from
Sigma-Aldrich (St. Louis, MO). Staphylococcus aureus (ATCC
12228) was purchased from the Pasteur Institute of Iran
(Tehran, Iran).

3.2. LSEO-NE Preparation

The LSEO-NE was formulated by ultrasonic-based ho-
mogenizing of LSE oil and water in the presence of differ-
ent volumes of nonionic surfactant Tween 80 (3, 6, and 9
mL). The hydrophilic–hydrophobic balance for Tween 80
has been defined at 15. The sonication process was done un-
der 20 kHz frequency and 750 Watt power for 60 min (15,
16).

3.3. LSEO-NE Characterization

The LSEO-NE mean hydrodynamic size (Z-average) was
analyzed in three different conditions of surfactant vol-
ume (3, 6, and 39 mL), and approved by high-resolution
AFM for the smallest LSEO-NE droplets, formed in the pres-
ence of 9 mL surfactant. Moreover, the droplets’ morphol-
ogy was studied by Field Emission Electron Microscopy
(FESM) according to the Sun et al. methodology. Briefly, a
thin layer of LSEO-NE solution was made by dropping and
drying on the microscope slide (gold-coated glass). The
prepared slide was used for microscopic studies (17).

3.4. ABTS and DPPH Antioxidant Tests

The ability of LSEO-NE in scavenging oxidants and free
radicals was measured by two different antioxidant agents,
including ABTS and DPPH, based on measuring the ab-
sorbance ratio of ABTS and DPPH free radicals against the
LSEO-NE nanoemulsion by UV-vis absorption spectroscopy.
Briefly, following the Li et al. methodology, ABTS was de-
tected at 734 nm before and after mixing with LSEO-NE, and
according to Kedare et al., DPPH was measured at 517 nm
(18, 19). The antioxidant activity (AA%) of LSEO-NE was esti-
mated using the following formula:

(1)AA% =
SA− CA

CA
× 100

In the formula, SA and CA refer to sample absorbance
and control absorbance, respectively.

3.5. Antibiotic Susceptibility Testing (AST)

The bactericidal activity of LSEO-NE was investigated
using the protocol as follows. First, S. aureus ATCC 12228
was inoculated on Mueller-Hinton agar by performing a
carpet culture technique. Then, antibiogram discs, includ-
ing kanamycin, LSEO-NE-smeared, and null discs (6 mm di-
ameter) were preparing and put on the inoculated-culture
medium. Finally, culture was done at 37ºC for 24 hours.

3.6. Statistical Analysis

All statistical analyses were performed using SPSS 21
software. The one-way ANOVA test was used to check the
significant results. The P values of less than 0.001 were de-
fined as statistically significant.

4. Results

4.1. LSEO-NE Characterization

Depending on the amount of consumed surfactant,
the droplets’ Z-average ranged from 67.3 nm to 82.6 nm.
The results showed a significant relationship between the
increasing volume of Tween 80 and decreasing nanoemul-
sion Z-average (P value ≤ 0.001) (Table 1 and Figure 1). We
selected nanoemulsion with the smallest droplet size (67.3
nm) with appropriate PDI (0.452) for further analysis. Re-
garding Stetefeld et al., the values of less than 0.7 PDI in-
dicate the mono-distribution process. Therefore, the esti-
mated Z-average values were valid and reliable (20). How-
ever, further analyses such as AFM and SEM approved the
droplet size and revealed the pseudo-spherical morphol-
ogy of nanodroplets, respectively (Figure 2A and B).
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Figure 1. The impact of Tween 80 (non-ionic surfactant) on LSEO-NE DLS measurement data. A, B, and C show the impact of 3, 6, and 9 mL of Tween 80 on particle sizes. LSEO-NE:
L. usitatissimum Seed Essential Oil Nanoemulsion. DLS: Dynamic Light Scattering; PDI: Polydispersity index.

Table 1. Droplet Size of LSEO-NE in Three Different Emulsification Conditions; LSEO-
NE: Linum usitatissimum Seed Essential Oil Nanoemulsion.

Surfactant Volume (mL) Z-Average (nm) Polydispersity Index

3 82.6 0.420

6 71.6 0.309

9 67.3 0.452

4.2. LSEO-NE Antioxidant Activity

Both ABTS and DPPH tests demonstrated a significant
relationship between the increasing doses of LSEO-NE and
the decreasing concentrations of ABTS/DPPH free radicals,
when compared to glutathione (Figure 3A and B). The es-

timated IC50 was about 350 µg/mL and 235 µg/mL in the
ABTS and DPPH assays, respectively. The results revealed
the strong antioxidant activity of LSEO-NE, which seemed
to make them safe for even in-vivo applications. However,
several types of in-vivo studies need to be designed to verify
the toxic potential.

4.3. Bactericidal Activity of LSEO-NE

The bacterial growth pattern in the presence of antibi-
ogram discs exhibited a significant antibiotic sensitivity
in bacteria around the LSEO-NE-smeared disc compared to
negative and positive (kanamycin) discs (Figure 4). It was
detectable regarding the presence of an inhibited growth
zone around the disc (transparent ring). However, several
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Figure 2. The LSEO-NE size characterization. A: AFM results; the brilliant circle shows the nanoemulsion diameter (61.61 nm) (green line and number) while the blue line and
the number indicate the length of the line. B: SEM image of LSEO-NE droplets; pseudo-spherical droplets are detected at the agglomerated size, which may be due to the SEM
preparation process. LSEO-NE: L. usitatissimum Seed Essential Oil Nanoemulsion; AFM: Atomic Force Microscopy; SEM: Scanning Electron Microscopy.
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Figure 3. The LSEO-NE antioxidant activity. A: Refers to the % antioxidant activity by the rate of ABTS inhibition, and shows the IC50 of LSEO-NE (350 µg/mL) in the inhibition
of ABTS free radicals. B: Refers to the % antioxidant activity by the rate of DPPH inhibition, and shows the IC50 of LSEO-NE (235 µg/mL) in the inhibition of DPPH free radicals.
LSEO-NE: L. usitatissimum Seed Essential Oil Nanoemulsion.

bacterial strains and further antimicrobial tests such as the
Minimum Inhibitory Concentration (MIC) test is required
to define the specificity and strength of its antibiotic activ-
ity.

5. Discussion

In this study, we used L. usitatissimum essential oil
(flaxseed essential oil) to prepare nanoemulsion using ul-
trasonication. Then, we characterized it for size and as-
sessed its antioxidant and antibacterial efficacies. Linum
usitatissimum (flax) has been widely used as an effective
natural therapeutic agent for various types of disorders,
such as inflammation, blood pressure, and acne (3). To the

best of our knowledge, this is the first study producing na-
noemulsions of flaxseed essential oil for use to evaluate
the antioxidant capacity and bactericidal activity against S.
aureus strains. We produced nanoemulsion with pseudo-
spherical droplets containing L. usitatissimum Seed Essen-
tial Oil (LSEO-NE) in 67.3 nm sizes (Figures 1 and 2) and
showed their strong antioxidant activity (Figure 3). More-
over, its bactericidal property was measured by the AST
method against S. aureus. The results approved the remark-
able antibiotic property of LSEO-NE (Figure 4).

Staphylococcus aureus, a Gram-positive facultative
anaerobic microbiota member, is often found on the
skin and the upper respiratory tract. It can also act as an
opportunistic pathogen in skin infections (abscesses),
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Figure 4. The LSEO-NE bactericidal activity. The image exhibits cultured S. aureus
bacteria on Mueller-Hinton agar medium and reveals their sensitivity to the LSEO-
NE-smeared disc (A) compared to negative (B) and positive (kanamycin) (C) control
antibiogram discs. LSEO-NE: L. usitatissimum Seed Essential Oil Nanoemulsion. The
white arrows indicate the bactericidal zone of discs.

respiratory infections (sinusitis), and poisoned food.
Staphylococcal infections are considered as common life-
threatening disorders. Most pathogenic S. aureus strains
are resistant to antibiotics, such as Methicillin-resistant S.
aureus (MSRSA). The prescribed antibiotics such as peni-
cillin, cephalosporin, clindamycin, vancomycin, etc. have
potentially various types of side effects. Moreover, there
are no vaccines for S. aureus yet to be approved (21-23).
Therefore, the investigation of alternative natural and safe
antibiotics is ongoing by microbiologists.

Various types of plant essential oils and extracts have been
recognized as antioxidants and antibiotics such as Lavandula
(Angustifolia), Thymus (Vulgaris), peppermint (Mentha),
Cajuput, Cinnamon, Clove, Eucalyptus, Sage (Salvia offic-
inalis), and L. usitatissimum (24-32). The in vivo studies
have approved the antibacterial activity of L. usitatissimum
nonessential oils against bacterial strains such as S. au-
reus, E. coli, and Streptococcus agalactiae, and they were ef-
fective in bovine mastitis treatment (32). We investigated
the bactericidal activity of L. usitatissimum Seed Essential
Oil (LSEO) as a nanoemulsion delivery system against S.
aureus. The presence of phenols, lignin, and flavonoids
has made LSEO an exclusive phytochemical complex affect-
ing cell growth and survival (2). It has the potential to be
more efficient if encapsulated with amphiphilic molecules
in nanoemulsion. Two main compounds of flaxseed essen-
tial oil, including unsaturated fatty acids and lignin are re-

sponsible for antibacterial activities (33, 34). Making the es-
sential oils in the form of nanoemulsion causes the oil con-
stitutes to become more stable with better efficiency (35).

Nanoemulsions as suitable drug delivery systems have
shown a promising horizon in medicine for prevention
and/or treatment purposes because of their ability to
be more absorbable and bio-compatible, which are the
two main important properties required in pharmaceu-
tical approaches (36). In this regard, depending on their
contents, they have been used to deliver their contents
more efficiently with fewer possible side effects as anti-
inflammatory, antioxidant, and antibacterial compounds
(37-39). The eucalyptus, neem, thyme, lemongrass, and
clove essential oils are among the plant essential oils used
in nanoemulsion delivery systems (37, 40-44).

The lignans repository consists of the main polyphe-
nolic compounds in L. usitatissimum, which are prominent
antioxidant compounds due to their potential of free radi-
cal scavenging (45). In the current study, this was approved
by decreasing ABTS and DPPH free radicals with increasing
doses of LSEO-NE (Figure 3). Flavonoids, as natural antibi-
otics, and phenolic acids of LSEO are the main components
responsible for its antibacterial activity (46, 47). Structural
heterocyclic N/O, alkylamino chains, and phenyl groups
can increase the flavonoids activity and make them effi-
cient in inhibiting the bacterial DNA replication, biofilm
formation, energy metabolism, and member porin func-
tion. Moreover, flavonoids can lead to a significant alter-
ation in membrane permeability (47). In this regard, the
transparent ring around LSEO-NE-smeared antibiogram
discs confirmed the induction of LSEO-NE sensitivity in
S. aureus, which seemed to be affected by flavonoids and
phenolic acids synergistically (Figure 4). However, further
complementary studies are required to clarify the bacte-
ricidal mechanisms. The antioxidant activity of LSEO-NE
makes it safe for treating bacterial infections.

5.1. Conclusion

According to the results, the nanoemulsion of L. usi-
tatissimum seed essential oil can significantly scavenge
radicals and induce an inhibitory effect on the S. aureus
growth and proliferation cycle. In other words, the antiox-
idant activity of LSEO-NE, along with its bactericidal prop-
erty and bio-accessibility makes LSEO-NE a suitable and safe
antibiotic. Therefore, it can be used as a safe, natural, and
efficient anti-S. aureus agent. However, further in-vivo and
in-vitro studies are required to evaluate the LSEO-NE bacte-
ricidal efficiency against other pathogenic S. aureus strains.
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14. Wrześniok D, Rok J, Beberok A, Rzepka Z, Respondek M, Pilawa B, et al.
Kanamycin induces free radicals formation in melanocytes: An im-
portant factor for aminoglycosides ototoxicity. Journal of cellular bio-
chemistry. 2019;120(2):1165–73.

15. Ghosh V, Saranya S, Mukherjee A, Chandrasekaran N. Cinnamon oil
nanoemulsion formulation by ultrasonic emulsification: investiga-

tion of its bactericidal activity. Journal of nanoscience and nanotechnol-
ogy. 2013;13(1):114–22.

16. Qian C, McClements DJ. Formation of nanoemulsions stabilized by
model food-grade emulsifiers using high-pressure homogenization:
factors affecting particle size. Food Hydrocolloids. 2011;25(5):1000–8.

17. Sun H, Liu K, Liu W, Wang W, Guo C, Tang B, et al. Development
and characterization of a novel nanoemulsion drug-delivery system
for potential application in oral delivery of protein drugs. Interna-
tional journal of nanomedicine. 2012;7:5529–43. doi: 10.2147/IJN.S36071.
[PubMed: 23118537].

18. Li P, Huo L, Su W, Lu R, Deng C, Liu L, et al. Free radical-scavenging ca-
pacity, antioxidant activity and phenolic content of Pouzolzia zeylan-
ica. Journal of the Serbian Chemical Society. 2011;76(5):709–17.

19. Kedare SB, Singh RP. Genesis and development of DPPH method of an-
tioxidant assay. Journal of food science and technology. 2011;48(4):412–
22. doi: 10.1007/s13197-011-0251-1. [PubMed: 23572765].

20. Stetefeld J, McKenna SA, Patel TR. Dynamic light scattering: a practi-
cal guide and applications in biomedical sciences. Biophysical reviews.
2016;8(4):409–27.

21. Redi D, Raffaelli CS, Rossetti B, De Luca A, Montagnani F. Staphylo-
coccus aureus vaccine preclinical and clinical development: current
state of the art. New Microbiol. 2018;41(3):208–13. [PubMed: 29874390].

22. Cunha BA. Antibiotic side effects. Med Clin North Am. 2001;85(1):149–85.
doi: 10.1016/s0025-7125(05)70309-6. [PubMed: 11190350].

23. Rayner C, Munckhof WJ. Antibiotics currently used in the treatment
of infections caused by Staphylococcus aureus. Intern Med J. 2005;35
Suppl 2:S3–16. doi: 10.1111/j.1444-0903.2005.00976.x. [PubMed:
16271060].
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