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Introduction: Nowadays, the consumption of medicinal plants in different countries is increasing due to their
proven effectiveness in scientific community and acceptability in most human societies. Owing to the increasing
concern about the side effects of chemical drugs and the ineffectiveness of some of them in long term
consumption, the use of natural compounds as an alternative or a complementary treatment has received
increasing attention. Nigella sativa (black seed) is a common herbal medicine that renowned in traditional
medicine because of its anti-cancer, antimicrobial, anti-inflammatory, and antioxidant activity. It has wide
applications in Iran’s food and pharmaceutical industries. The seeds of this plant contain large amounts of
essential fatty acids such as linolenic acid, antioxidants and vitamins However, hydrophobic essential oil of N.
sativa with low bioavailability and sustainability properties is have not been fully usable. The nanoemulsion
formulation methods are widely effective approach for increase performance of lipophilic compounds. The aim
of this study was to develop black seed oil into nanoemulsions formulation via ultrasonication.

Materials and Methods: In the present study, the collected black seed dried in a dark place at room
temperature. After this time, black seed was powdered by milling apparatus, and extracted with methanol by
Soxhlet instrument. Methanol was separated from the extracted oil using a rotary evaporator. Then we used a
sonicator with a nominal power output of 750 W and an operating frequency of 75 kHz to produce
nanoemulsions of N. sativa essential oil. Sonication of samples was carried out in a temperature-controlled
chamber at a constant temperature of 20 °C for 10 minutes. In this regard, the ultrasonic emulsification method
was performed by different ratios of surfactant to emulsion (2, 4, 6 and 8 wt %), different non-ionic surfactants
(Tween 80 and Tween 40) and different sonication times (5, 10 and 15 minutes). Finally, nanoemulsions
stability, size, turbidity, morphology, and other characteristics were investigated.

Results and Discussion: Variance analysis of laser light scattering data showed the lowest particle size related
to samples prepared with 2% and 4% concentration of Tween 40 surfactant during 15 minutes of sonication.
The images of the electron microscopy also confirmed the results of measuring the size of droplets by particle
size analyzer .The effect of storage temperature on the physical stability of optimum nanoemulsions showed that
these nanoemulsions were completely stable at low temperature, but became unstable at high temperature due to
the increase in droplet size. Furthermore, the oxidative studying (60 days) showed that the peroxide number and
anisidine value increased slightly during the storage period, which indicates the presence of effective
antioxidant compounds in honey and Nigella sativa L. seed oil (NSO), which prevents the oxidation of the oil.
In this study, the nanoemulsion sample containing Tween 40 surfactant with SER 4% showed high antioxidant
activity .
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Conclusion: Various physicochemical factors are effective on the preparation, physicochemical properties and
stability of nanoemulsion particle size and affect their characteristics. In this research, it was shown that the type
and concentration of surfactant and ultrasonic time have a significant effect on the mean particle size and
polydispersity index (PDI) of nanoemulsions It was also shown that ultrasonic waves have the ability to break
droplets and reduce their size to the nano scale. Therefore, it is expected that the energy of these waves can be
used in the production of food grade nanoemulsions and other products in which the size of the droplets has an
important effect on the quality or shelf life
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1. Phytochemicals
2. P-cymene
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8. Pollen grains

9. Total antioxidant status(TAS)
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1. Texture modifier

2. Low energy

3. High energy

4. High pressure homogenizer
5. Microfluidizer

6. Ultrasonic homogenizer
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1. Food and Drug Administration (FDA)
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3. Scanning Electron Microscope
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Fig 1. Influence of surfactant concentration on the particle size of nanoemulsions containing Nigella sativa L. seed oil — Tween80 (A) ,
influence of surfactant concentration on the particle size distribution of nanoemulsions containing Nigella sativa L. seed oil — Tween80
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Table 1. Chemical structure and physical properties of nonionic surfactants used in nanoemulsion production

lonic Surfactant Molecular Formula | Chemical Name HLB Value | Molecular Weight
(g/mol)
Tween40 C62H122026 Polyoxyethylene 15.6 1283.62
(20)sorbitan
monopalmitate
Tween80 C64H124026 Polyoxyethylene (20) 15 1309.65
sorbitan monooleate
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Fig.3. Influence of surfactant concentration on the turbidity of nanoemulsions containing Nigella sativa L. seed oil — Tween80 (A),
influence of surfactant concentration on the turbidity of nanoemulsions containing Nigella sativa L. seed oil — Tween40 (B)
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Fig 4. Influence of ultrasonic time on the particle size of nanoemulsions containing Nigella sativa L. seed oil — Tween80
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Fig 6. Microscopic images of optimal nanoemulsion with formulation 2T40U15

1.Ultrasonic cavitation
2. Laplace pressure
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Fig 7. Microscopic images of optimal nanoemulsion with formulation 4T40U15
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Fig 8. Effect of storage time on the particle size of optimal nanoemulsions containing Nigella sativa L. seed oil — Tween40 (A), effect of
storage time on the poly dispersity index of optimal nanoemulsions containing Nigella sativa L. seed oil — Tween40
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Table 2. Effect of storage time on antioxidant activity of optimal nanoemulsions containing Nigella sativa L. seed oil — Tween40

Samples SER (%) First Day Thirtieth Day Sixtieth
Day
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Table 3. Effect of storage time on peroxide number of optimal nanoemulsions containing Nigella sativa L. seed oil — Tween40

Samples SER (%) First day Thirtieth Day Sixtieth Day
2T40U15 2 2.78+0.09 ©@ 3.42+0.37% 4.92+0.44"2
4T40U15 4 2.31+0.32% 3.32+0.98% 4.66+0.09"°
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