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A B S T R A C T

Nano-emulsions (typically droplet diameter < 1 μm) are common in foods, and have been extensively reported
to present antimicrobial activity, however, the mechanism is not well defined, and some studies reported no
effect. A review of the literature was conducted and revealed strongly contradictory reports regarding the an-
timicrobial effect of nano-emulsions even in reference to similar microbial species and formulations. Following
up, this study aimed to investigate the effect of nano-emulsions on four bacterial species (Staphylococcus epi-
dermidis, Bacillus cereus, Lactobacillus acidophilus and five Escherichia coli strains) possessing different surface
charge and hydrophobicity. Model oil-in-water (O/W) emulsions with different size of oil droplets were prepared
with sunflower oil stabilised by polysorbate 80 (Tween80) emulsifier (hydrophilic), using high shear mixing
followed by ultrasonication. The viability of bacteria was monitored by culture, membrane integrity was as-
sessed with flow cytometric analysis with propidium iodide (PI) staining and fluorescence microscopy monitored
the spatial distribution of cells within the O/W emulsions. The stability of the nano-O/W emulsions in the
presence of bacteria was assessed by monitoring the droplet size [D (4, 3)] and creaming height. In contrast to
other reports the survival and growth of bacteria was not affected by the size of the oil droplets, no damage to
the bacterial membrane was evident with flow cytometry and emulsion stability was not affected by the presence
of bacteria during 7 days of storage. Furthermore, the antimicrobial activity of caprylic acid (CA) was compared
between O/W coarse and nano-emulsions while varying the concentration of the hydrophilic surfactant
Tween80. The activity of CA was similar in nano-emulsion and coarse emulsion; however, it was higher than in
bulk oil and was reduced with increasing Tween80 concentration, suggesting that its efficacy is dictated by
formulation rather than oil droplet size. The results demonstrated no enhanced antimicrobial activity due to
nano-sized oil droplets and that conclusions on nano-emulsions should be taken with caution.

1. Introduction

Nano-emulsions (typically with droplet diameter < 1 μm) gained
popularity in food production due to improving food properties and
formulations, for example, use of less fat and emulsifiers, increased
emulsion stability and improved optical appearance, enhancement of
taste and sensory perception of ingredients or masking of certain in-
gredients (Chaudhry & Castle, 2011). Nano-emulsion manufacturing
requires more energy than emulsions with smaller droplet sizes (Gupta,
Eral, Hatton, & Doyle, 2016) and they possess different physicochemical
properties to coarse emulsions (McClements, 2010) due to their nano-
sized droplets (Baglioni & Cherazzi, 2013) and increased interface.
Nano-emulsions have shown antimicrobial activity against a variety of
Gram-positive and Gram-negative bacteria including Bacillus cereus,
Escherichia coli, Listeria monocytogenes, Salmonella typhimurium,

Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus megaterium,
Bacillus subtilis and Bacillus circulans (Baker, Wright, Hayes,
Hamouda, & Brisker, 2000; Bhargava, Conti, da Rocha, & Zhang, 2015;
Hamouda et al., 1999; Jo et al., 2015; Lu et al., 2017; Majeed et al.,
2016; Teixeira et al., 2010). Furthermore, nano-emulsions were found
to selectively disrupt the membrane of prokaryotic cells but not eu-
karyotic cells (Baker et al., 2000), which could expand their applica-
tions in managing safety and microbial growth in food through for-
mulation. The antimicrobial effect of nano-emulsions has been
attributed to their structure itself and the nano-sized droplets. When
nano-emulsions are formed under high shearing forces (e.g. ultra-
sonication, high-pressure homogenisation or high-shear mixing) they
acquire significant amount of energy as they are formed (Lee,
Karthikeyan, Rawls, & Amaechi, 2010). The nano-droplets are thermo-
dynamically driven to fuse with lipid-containing micro-organisms and
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