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ABSTRACT 

The present study focused on the utilization of natural antimicrobial agents such as essential oils/vapours 

and negative air ions (NAI) against food spoiling microorganism for food preservation. To begin with, 

chemical composition of mentha, eucalyptus, lemon grass oils and respective vapours was analyzed by 

GC-MS and SPME GC-MS, respectively followed by various antimicrobial tests against 21 food spoiling 

microbial strains. The antimicrobial activity was found to vary depending upon the strain tested, oil 

composition and different methods of treatment (liquid and vapour phases). In general, Gram positive 

bacteria, fungus and yeast strains were more sensitive than Gram negative bacteria. Relative efficacy of 

various essential oils was sorted as lemon grass oil > mentha oil > eucalyptus oil. These results were in 

agreement with the chemical composition and relative antimicrobial efficacy of the major active 

components of Cympobogon citratus (citral), Mentha piperita (menthol) and Eucalyptus globulus (1-8, 

cineole) essential oils. 

Essential oil vapours had significantly higher antimicrobial activity against all the tested strains as 

compared to the corresponding essential oils. Chemical characterization of essential oils and their vapours 

showed that certain antimicrobial compounds got enriched in the vapour phase. A combination of SEM, 

TEM and AFM was employed for the first time to differentiate the morphological and ultrastructural 

changes in lemon grass oil and vapour treated Escherichia coli and Candida albicans cells. TEM 

observations showed that whilst the cell envelop was damaged at certain locations in lemon grass vapour 

treated E. coli cells, the overall boundary of the damaged cells was retained in lemon grass oil treated 

cells. This correlated well with the ghost cells or foot prints of the cells observed in the SEM of the 

vapour treated E. coli cells in contrast to oil treated cells which appeared to be aggregated and only 

partially deformed. This hypothesis was confirmed by AFM that showed drastic reductions in cell height 

and increased cell surface roughness in lemon grass vapour treated cells as compared to oil treated cells or 

controls. Lemon grass vapours could cause extensive cellular damage at much lower concentrations, 

probably due to better penetration and contact. 

To estimate the kill time as well as facilitate integration with NAI, an innovative methodology 

(Multiple Petriplate exposure regimes) was conceived and a set-up harbouring essential oil vapour 

generator and NAI generator was developed. Kill time assays revealed that 100% reduction in viability 

occurred within 1 h (Bacillus subtilis) and 4 h (C. albicans) exposure to lemon grass oil vapours while the 

same required 8 h exposure to mentha or eucalyptus oil vapours. On the basis of above results it can be 

stated that lemon grass vapour is highly effective and its application can be further developed in food 
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preservation and air disinfection. Further, there is a great potential to further enhance its antimicrobial 

potential through integration with other hurdle technologies. To accomplish this, antimicrobial activity of 

NAI alone and in combination with selected essential oil vapour was observed against selected highly 

resistant Gram negative bacteria. The results showed that the susceptibility of bacterial strains to NAI 

varies depending upon the strain type, their physiological state as well as the distance/ orientation with 

respect to the source. Significant enhancement in viability reductions was observed by combining NAI 

with essential oil vapour exposure. Within 8 h exposure to the combination, 100% killing of E. coli was 

noted as opposed to 40% (NAI alone) and 78% (vapour alone). The role of both the volatile components 

of the essential oil and NAI was important to the effect which was proven by the morphological analysis 

of the treated cells at different time intervals. It is noteworthy that such a combination of NAI generated 

through low cost, simple NAI generators with essential oil vapours has not been studied earlier. Hence, 

this study makes a novel contribution towards developing a simple and more efficient technique for 

control of bacterial contamination that could be applied for air purification/surface disinfection or food 

stabilization practices 

Last part of the work aimed at evaluating the in vivo antimicrobial efficacy of essential oils and 

vapours in real food samples against selected spoilage bacteria/yeast or the natural microflora. 

Representative food items from fruits (mixed fruit juice, apples), vegetables (bamboo shoots) and meat 

(chicken) category were tested for preservation with natural compounds. The results mirrored as well as 

established the in vitro observations suggesting that lemon grass oil vapours posses the highest 

antimicrobial efficacy against food spoilage microorganisms. To the authors' best knowledge, this 

happens to be the first report on the use of essential oil vapours in preservation of various food stuffs 

especially bamboo shoots. This shall certainly go a long way in reducing the use of synthetic compounds 

in food preservation. 

Academically, the results constitute a pioneering report on the antimicrobial activity of selected 

essential oil vapours as well as its integration with NAI in a specially designed set-up. Also, it represents 

a novel insight on the impact of essential oils/vapours on morphology, ultrastructure and three 

dimensional properties such as cell height/surface roughness. In fact the study provides innovative 

methodologies and assay regimes for facilitating further work. On the practical grounds, the 

investigations testify the applicability of essential oils/vapours in actual food preservation and offer the 

design footprint of a simple, eco-friendly system for exposure of perishable products or surface/indoor 

space disinfection. 
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