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Table 3 - Quadratic polynomial coefficients along with fitting coefficients for each dependent variable in the
production of black cumin essential oil nanoemulsion
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Figure 1- Response surface plot for the average particle size of black cumin essential oil nanoemulsion with
temperature and time of production process under subcritical water conditions
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Figure 2- Response surface diagram for the dispersion index of black cumin essential oil nanoemulsion with
temperature and time of the production process under subcritical water conditions
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Figure 3- Graphical optimization of black cumin essential oil nanoemulsion production based on response surface
methodology experimental design
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Figure 4- Optimal values (numerical optimization) for the production of black cumin essential oil nanoemulsion
based on the response surface methodology experimental design
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Figure 5- Particle size distribution of black cumin essential oil nanoemulsion produced under optimal operating

cconditions of temperature and process time
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Figure 6- Zeta potential of black cumin essential oil nanoemulsion produced under optimal operating conditions of
temperature and process time
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Table (4) Antibacterial properties of black cumin oil essential oil nanoemulsion under optimal operating conditions
(Investigation of the effect of the produced nanoemulsion on two species of gram-positive bacteria, Staphylococcus

aureus and gram-negative Escherichia coli)
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Extended Abstract
Abstract

Carum Carvi essential oil, possessing effective antioxidant compounds and strong antibacterial
properties, is introduced as a natural source with high potential for applications in the food and
healthcare industries. Optimizing the operational conditions for producing the nanoemulsion of this
essential oil under subcritical water conditions using a response surface methodology provides uniform
distribution, improved stability, and enhanced bioavailability of the active constituents. In this study,
the oil phase (Carum Carvi essential oil), the agueous phase (distilled water), and the emulsifier (Tween
80) were mixed in volume ratios of 0.62, 21.63, 2.75 mL, respectively, to optimize the operating
conditions (temperature and time) for nanoemulsion production via subcritical water method. A design
of experiments with a response surface approach was conducted in the temperature range of 110-190
°C and heating times of 60-120 minutes. Following optimization, the results indicated that a temperature
of 161 °C and duration of 97 minutes were the most suitable conditions for nanoemulsion production,
yielding the smallest average particle size (141 nm) and the lowest polydispersity index of 0.183. The
properties of the nanoemulsion produced under the optimal conditions were evaluated: antioxidant
activity of 63.53 %, and antibacterial activity (zone diameter indicating inhibition of growth) against
both the Gram-positive Staphylococcus aureus and the Gram-negative Escherichia coli, measured at 1.8
cm and 1.6 cm respectively. Finally, the product stability, assessed by zeta potential analysis, showed
—25.87 mV, indicating high stability of the produced product.
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