Licorice-garlic-fennel essential oils composite nanoparticles as natural food preservatives
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Antibacterial activities

The antibacterial activities of macro-sized and nano-sized essential oils, individual or in three-
component combination (optimum formulation) are shown in figures S1-S8.

Figure S1.Antibacterial inhibitory zone against S. aureus (mm) of Licorice essential oil (a) and Licorice
essential oil nanoemulsion (b).
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(b)

Figure S2.Antibacterial inhibitory zone against S. aureus (mm) of Garlic essential oil (a) and Garlic
essential oil nanoemulsion (b).

Figure S3. Antibacterial inhibitory zone against S. aureus (mm) of Fennel essential oil (a) and Fennel
essential oil nanoemulsion (b).



Figure S4. Antibacterial inhibitory zone against E. coli (mm) of Licorice essential oil (a) and Licorice
essential oil nanoemulsion (b).

Figure S5.Antibacterial inhibitory zone against E. coli (mm) of Garlic essential oil (a) and Garlic essential
oil nanoemulsion (b).

(b)

Figure S6. Antibacterial inhibitory zone against E. coli (mm) of Fennel essential oil (a) and Fennel
essential oil nanoemulsion (b).



(b)

Figure S7. Antibacterial inhibitory zone against S. aureus (mm) of Mixture of licorice, garlic and fennel
(a) and Mixture essential oil nanoemulsions (b) (oil phase composed of 39% licorice, 40% garlic and 21%
fennel essential oil).

Figure S8. Antibacterial inhibitory zone against E. coli (mm) of Mixture of licorice, garlic and fennel (a)
and Mixture essential oil nanoemulsions (b) (oil phase composed of 39% licorice, 40% garlic and 21%
fennel essential oil).



