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Introduction: Garlic extract, due to its high volatility and its effects on
organoleptic properties, has limitations for direct use in food products, and
therefore it is better to encapsulate it by one of the different methods and
then use it in food formulations. Nanocapsulation can highly protect the
essential oils against degradation or oxidation and may increase
dispersibility in aqueous media, reduce adverse interaction with food
components, and it generally did not affect the antimicrobial activity of
essential oils. Water-in-oil emulsions are used to encapsulate hydrophilic
bioactive compounds, and the number of studies on this type of emulsion is
low. In this research, it has been tried to surrounding garlic extract by
surfactant and forms a water in oil nanoemulsion and its physicochemical
and antimicrobial properties are measured in order to be used in suitable
food formulations.

Material and Methods: In this study, nanoemulsions containing garlic
extract were produced by high energy method (ultrasound bath) and the
effect of different percentages of the extract on droplet size, antimicrobial
properties, release kinetics, and viscosity were investigated. Encapsulation
efficiency was determined by comparing the total area under the peaks of
the nanoemulsions and not emulsified mixture headspace in gas
chromatography. The release of volatile compounds of garlic oil was
recorded during storage time by gas chromatography. Microdilution
method was used to determine the minimum inhibitory concentration and
the minimum bactericidal concentration. TGA and FT-IR were also used to
evaluate the thermal resistance and study the functional groups and confirm
the presence of the compounds used in the formulation of the prepared
nanoemulsions, respectively.

Results: Drop size varied from 62 to 302 nm for nanoemulsions based on
volume fraction. Microbial results showed that water-in-oil nanoemulsions
in high concentrations of garlic extract had antimicrobial properties and a
stronger effect against gram-positive bacteria. In general, in all emulsions,
with increasing the volume fraction (percentage of garlic extract) from 5 to
25%, the viscosity increased from 50 to 150 cp. Evaluation of viscosity
changes at different temperatures showed that the activation energy for
samples with different volume fractions were not significantly different.
Also, the release rate of volatiles increases with increasing volume fraction
in nanoemulsion formulations and storage temperature.
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Conclusion: The present study showed that the application of water-in-oil
nanoemulsion was effective for the encapsulating of garlic extract and
antimicrobial properties were also observed in high concentrations of
nanoemulsion. Analysis of the stability of produced nanoemulsions showed
that the samples prepared in this study have a high potential for use in food
formulations such as mayonnaise, buttermilk and shallot yogurt due to the
ability of the encapsulation technique to cover the smell of garlic extract.
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Table 2. Viscosity of nanoemulsion samples containing garlic extract at ambient temperature.
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The presence of similar letters indicates no significant difference in the level 0.05.
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Figure 1. Effect of volume fraction in the formulation of nanoemulsions on the release rate of volatile
compounds of garlic essential oil during storage at 37 ° C.
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Figure 2. Effect of storage temperature of nanoemulsions on the release rate of volatile
compounds of garlic essential oil during storage for samples containing 15% garlic extract.
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Figure 3. FTIR spectra for nanoemulsions containing 5 (D), 15 (E) and 25 (F) percent of garlic extract and sunflower
oil (A), PGPR as surfactant (B) and Garlic extract (C)
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Figure 4. TGA analysis for water/oil nanoemulsions A (5% garlic extract, 5% PGPR and 90% sunflower oil) and B
(25% garlic extract, 25% PGPR and 50% sunflower oil)
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