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Abstract

Milk contains a set of important nutrients. Essential oils have been well documented due to their antimicrobial
effects against a wide range of bacterial pathogens. The plant in question is also a medicinal plant plant that is
used all over the world. Niosomes are considered as a safe carrier for food preservatives. The aim of this research
was to investigate the effects of natural antimicrobial and preservative (nisome containing myrtle essence) on raw
milk and pasteurized cow's milk in Kerman city In this experimental study, various niosomes including: Span 60,
Tween 60, cholesterol and essential oil were synthesized by thin film hydration method and the identification of
the made nisome was done by optical microscope and dynamic laser light scattering device. Antibacterial activity
of synthesized niosomes was evaluated by microbial load measurement and microbial identification in raw milk
and pasteurized milk. Data and curves were analyzed using statistical methods and Excel software. Accordingly,
niosomes nanosystems were identified as spherical vesicles with sizes of 65.48 + 2.82 and 4.95 + 0.09
micrometers, respectively. As a result of adding nisomes containing Oil essence to raw milk, the number of
bacteria detected was far less than raw milk without nano nisomes containing essential oil. Therefore, the nisome
containing the Oil essence increased the shelf life of milk. Unlike various food preservatives, nanoniosomes do
not cause the risk of resistance in pathogenic microbes.
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Investigating the effects of antimicrobial and natural preservatives (niosome containing
myrtle essence) on raw milk and pasteurized cow's milk

EXTENDED ABSTRACT

Introduction: There exists a substantial discourse within the public sphere concerning the potential advantages
and increasing benefits derived from the consumption of raw milk. As the populace gravitates towards more
natural products, there appears to be an escalating preference for raw milk, which is often linked to numerous
perceived health benefits purportedly diminished during the pasteurization process. Nonetheless, regulatory
bodies and public health organizations, including the Food and Drug Administration and the Centers for Disease
Control and Prevention, express considerable apprehension regarding the risk of milk-borne illnesses stemming
from the contamination of raw milk with pathogenic microorganisms. Many pathogens can be extracted from raw
bovine milk. The occurrence of foodborne pathogens in raw milk is variable, yet their detection has been
established in numerous studies, with frequent reports of foodborne illnesses. In developed nations, milk and dairy
products are responsible for 2-6% of bacterial foodborne outbreaks. Consequently, the ingestion of raw milk
poses a significant risk to human health due to potential contamination by pathogens. Furthermore, the pursuit of
extended shelf life and broader distribution of milk and dairy products has prompted the innovation of methods
aimed at prolonging shelf life during cold chain distribution. In this investigation, the utilization of these carriers
and the encapsulation of essential oils within vesicles have resulted in an enhancement of milk's shelf life and a
reduction in microbial contamination. In this study, encapsulating the plant’s essential oil within these vesicles as
carriers has extended the milk’s shelf life and reduced microbial contamination. The laboratory aim is to
investigate the antimicrobial and natural preservative effects of niosomes containing the plant’s essential oil on
raw milk and pasteurized cow’s milk.

Method: To the preparation of niosomes via thin-film hydration using nonionic surfactants of the sorbitan ester
family (Spans®) and their polyoxyethylene derivatives (Tweens®), in combination with cholesterol. Surfactants
and cholesterol were dissolved in chloroform in molar ratios detailed in Table 1, forming a total lipid phase of
300 umol. An essential oil stock was prepared by dissolving 200 pL of plant essential oil in 800 puL of chloroform.
A portion (250 pL) of this oil-containing solvent was added to the lipid—surfactant—cholesterol mixture. The
organic solvent was evaporated under rotary evaporation at 55°C and 150 rpm, producing a thin lipid film on the
inner surface of the reaction vessel. Hydration was performed by warming 5 mL of normal saline to 55°C and
then adding it to the dried lipid film. Lipid hydration proceeded at 150 rpm for 30 minutes, resulting in niosomes
containing the essential oil at a concentration of 10 pulL per mL of suspension (1% v/v). The mixture was allowed
to equilibrate at room temperature for 24 hours to ensure complete hydration and then stored at 4°C for later
analyses. The same procedure was repeated without the essential oil to prepare empty, oil-free niosome controls.
Both the physiochemical properties of the formulated niosomes and the antimicrobial activities of the essential oil
and formulated niosomes were evaluated.

Results: The particle size distribution was characterized using a Malvern instrument. In the distribution plot, the
vertical axis represents the percentage abundance, while the horizontal axis indicates particle diameter in
micrometers (um). Dynamic light scattering (DLS) analysis of the niosomes (Malvern, England) revealed distinct
differences between formulations. For the 70:30 niosomes composed of Span and Tween 20, the size distribution
plot exhibited two peaks with evident non-uniformity in the nanoniosome population. In contrast, the 70:30
niosomes formulated with Span and Tween 60 displayed a single, bell-shaped peak, indicating a uniform size
distribution of the niosomes. The incorporation of essential oil-loaded niosomes into raw milk resulted in a
statistically significant reduction in the viable bacterial count compared with raw milk lacking the essential oil-
loaded niosomes.

Discussion and Conclusion: This study evaluates the antimicrobial efficacy of an essential oil from a focal plant
when encapsulated in niosomal carriers and applied to milk-containing culture media. Niosomes offer advantages
as preservative delivery systems by entrapping active agents, enabling enhanced antimicrobial activity at lower
dosages. The essential oil was loaded into niosomes using the thin-layer hydration method, with cholesterol
playing a critical role in bilayer stability and entrapment efficiency. Increased cholesterol generally improves
bilayer rigidity and reduces permeability, facilitating oil entrapment; however, excessive cholesterol can impede
incorporation due to interlamellar competition. Characterization by light microscopy showed multilamellar,
spherical niosomes with suitable size distribution, consistent with prior literature on niosomal encapsulation of
plant extracts and essential oils. Niosomes are adaptable carriers for hydrophilic, hydrophobic, and amphiphilic
compounds, offering biodegradability, ease of preparation, stability, and potential for controlled release, with
notable capacity to penetrate microbial cells. Surfactant selection and cholesterol content, as well as surfactant
chain length and HLB, significantly influence vesicle formation, entrapment efficiency, and release kinetics. In
this study, formulations containing Span 60 and Tween 60 yielded larger, more balanced vesicles and
demonstrated favorable entrapment and stability profiles, while also showing enhanced antimicrobial
performance.
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