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1. Dynamic Light Scattering Technique
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Table 1. Identified chemical components of rosemary essential oil by GC/MS.

as MK JEINH RT %Area SUM
code Component name
1 Cyclofenchene 3.868 0.48
2 1R-a-pinene 4.044 20.49
3 Camphene 4.35 8.75
4 3-Octanone 4.995 0.95
5 0-Cymene 5.836 1.58
6 B-Terpinyl acetate 5.932 1.22
7 1,8-cineole 5.999 18.93
8 cis-Linalool oxide 6.889 0.61
9 trans-Linalool oxide (furanoid) 7.276 0.76
10 Linalool 7.608 1.1
11 Cis-Verbenol 7.846 0.5
12 a- Campholenal 8.274 0.48
13 L-Pinocarveol 8.647 0.53
14 Alcanfor 8.79 15.16
15 trans-3-Pinanone 9.136 1.5
16 endo-Borneol 9.441 7.29
17 3-Pinanone, cis 9.536 0.45
18 a-Terpineol 10.073 151
19 Levoverbenone 10.351 10.67
20 Borneol formate 10.901 1.72
21 Grandlure 11 11.41 0.53
22 Bornyl acetate 12.354 2.26
23 Caryophyllene oxide 19.76 0.69
24 11.227 0.46
25 11.546 0.53
26 24.77 0.85
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1. Gravitational Separation
2. Coalescence

3. Flocculation

4. Ostwald Ripening
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Fig 1. Particles size stability of microemulsion and nanoemulsion of rosemary essential oil during one month storage in refrigerator.
(U-0: emulsion containing 10% rosemary essential oil, U-2.5: emulsion containing 10% rosemary essential oil under ultrasound treatment

for 2.5 min, U-5: emulsion containing 10% rosemary essential oil under ultrasound treatment for 5 min, U- 10: emulsion containing 10%
rosemary essential oil under ultrasound treatment for 10 min)
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Fig 2. Stability of rosemary essential oil emulsions after heat treatment. A) Microemulsion containing 10% rosemary essential oil b)
Nanoemulsion containing 10% rosemary essential oil under ultrasound treatment for 2.5 min.
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Table 2. Antimicrobial activity of microemulsion and nanoemulsions of rosemary essential oil against pathogenic bacteria in well diffusion

test.
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Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of microemulsion and nanoemulsions of
rosemary essential oil against pathogenic bacteria.
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Fig 3. antioxidant activity of microemulsion and nanoemulsions of rosemary essential oil in DPPH radical scavenging method.
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Abstract

In this study, microemulsions and nanoemulsions of rosemary essential oil were prepared under different ultra-
sound treatments (0, 2.5, 5 and 10 min). The stability of macro- and nanoemulsions of rosemary essential oil
during one month of storage at 4 °C was determined through particle size measurement by DLS method. The
antimicrobial activity of macro- and nanoemulsions of rosemary essential oil was evaluated by two methods of
well diffusion and microdilution against four pathogenic bacteria. Also, their antioxidant potential was tested by
DPPH free radical scavenging activity. The results showed that with increasing the ultrasound treatment time
from 0 to 10 minutes, the emulsion droplets size decreased from 148.04 nm to 98.14 nm. An increase in micro-
emulsion and nanoemulsions particle size was observed during storage. The results of antimicrobial tests also
showed that macro and nanoemulsions of rosemary essential oil had the highest antimicrobial activity against
gram-positive bacteria, especially S. aureus. In the antioxidant activity evaluation test, the IC50 index of macro-
and nanoemulsions of rosemary essential oil were estimated to be 36.43 and 45.86 g/ml, respectively. Based on
the results of this study, the nanoemulsion of rosemary essential oil is suggested as a natural antimicrobial and
antioxidant compound for using in foods.
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