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Introduction

Nanoemulsions have gained significant attention as effective delivery
systems for hydrophobic compounds, including vitamins. In this study,
vitamin-E nanoemulsions were formulated using the emulsion phase inversion
method. The focus was on investigating the influence of stirring speed on
key parameters such as mean droplet size, polydispersity index (PDI) and
the subsequent impact on absorption. Understanding these relationships can
aid in the optimization of nanoemulsion formulations for enhanced vitamin-E
delivery and bioavailability. Stirring speed plays a crucial role in nanoemulsion
formation and subsequent droplet size distribution.

As the stirring speed increased during the emulsification process, a
notable trend emerged. Mean droplet size decreased, indicating that higher
agitation facilitated the formation of smaller vitamin-E droplets. Additionally, the
polydispersity index decreased, suggesting a narrower size distribution and
increased uniformity among the droplets. This finding highlights the importance
of selecting an optimal stirring speed to achieve nanoemulsions with smaller
droplet sizes and improved homogeneity. The absorption of vitamin-E
nanoemulsions is a critical factor in their effectiveness as delivery systems.

Description

Absorption exhibited a gradual reduction as both the rotating speed
increased and droplet size decreased. Higher rotating speeds may result
in increased shearing forces, leading to a further decrease in droplet size.
However, excessively small droplets may hinder efficient absorption due
to decreased surface area for interaction with the biological environment.
Therefore, finding the right balance between droplet size reduction and optimal
absorption becomes crucial for maximizing the bioavailability of vitamin-E
nanoemulsions. The flow behavior of vitamin-E nanoemulsions was also
evaluated to understand their rheological properties [1].

At low shear rates, the flow behavior exhibited pseudoplastic
characteristics, indicating a decrease in viscosity with increasing shear stress.
This behavior is advantageous for ease of administration and efficient flow
through biological systems. Conversely, at high shear rates, the flow behavior
became Newtonian, indicating a constant viscosity regardless of shear stress.
This finding implies that under higher shear forces, the nanoemulsion's
viscosity remains stable, ensuring consistent performance during processes
such as filling, packaging, or application. The observed concentration-like
behavior of the vitamin-E nanoemulsions indicates that they possess a high
drug loading capacity and can potentially act as concentrated solutions [2].

This feature offers advantages in terms of delivering higher amounts
of vitamin-E per unit volume, increasing dosing efficiency and reducing
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administration frequency. Furthermore, the time-dependent flow behavior
suggests that the nanoemulsions' properties may evolve over time, potentially
impacting stability and application in practical settings. Understanding these
dynamics is essential for tailoring nanoemulsion formulations to specific
delivery requirements. This study highlights the significance of stirring speed
in the creation of vitamin-E nanoemulsions using the emulsion phase inversion
method.

Increasing the stirring speed leads to a reduction in mean droplet size and
PDI, indicating improved homogeneity. Absorption shows a gradual reduction
with higher rotating speeds and smaller droplet sizes, necessitating a careful
balance to optimize bioavailability. The flow behavior characteristics, ranging
from pseudoplastic to Newtonian, offer insights into the nanoemulsions'
rheological properties for efficient delivery and processing. These findings
contribute to the development of effective vitamin-E nanoemulsion
formulations, with implications for enhancing their therapeutic potential in
various applications [3].

Nanoemulsions, characterized by their small droplet size and high
stability, have gained significant attention as versatile delivery systems for
various applications. Understanding the flow behavior of nanoemulsions is
crucial for optimizing their formulation, processing and performance. In this
article, we explore the unique flow characteristics of nanoemulsions, with a
focus on their transition from pseudoplastic to Newtonian behavior, their profile
as concentrated solutions and the intriguing time dependency of their flow
behavior. Nanoemulsions exhibit pseudoplastic flow behavior at low shear
rates, indicating a decrease in viscosity with increasing shear stress.

As the shear rate increases, the internal structure of the nanoemulsion
undergoes deformation, causing the droplets to align and slide past each other
more easily. This shear-thinning behavior is advantageous as it allows for
smooth and efficient flow during low-shear processes, such as filling, coating,
or oral administration. The pseudoplastic flow behavior ensures easy handling
and facilitates the delivery of nanoemulsions in various applications. At high
shear rates, nanoemulsions transition to Newtonian flow behavior, where the
viscosity remains constant regardless of shear stress [4].

This behavior indicates that the internal structure of the nanoemulsion
undergoes complete disruption, leading to uniform and consistent flow. The
transition to Newtonian flow behavior is particularly beneficial during high-
shear processes, such as mixing, homogenization, or spray drying, where
maintaining a stable viscosity allows for predictable and controlled processing
conditions. Nanoemulsions exhibit a unique profile reminiscent of concentrated
solutions. Concentrated solutions contain a high concentration of solute in
a given solvent, enabling efficient delivery of a large amount of the active
compound per unit volume.

Nanoemulsions possess a concentrated solution-like behavior, allowing for
higher drug loading and increased dosing efficiency. This profile enhances the
potential of nanoemulsions as delivery systems, enabling precise and targeted
administration of therapeutic compounds. Nanoemulsions also display an
intriguing time-dependent flow behavior. Over time, the internal structure of
the nanoemulsion may undergo subtle changes, leading to variations in flow
properties. This time dependency can arise from factors such as droplet
coalescence, Ostwald ripening, or other physical transformations within the
nanoemulsion system.

Understanding the time dependency of flow behavior is essential for
ensuring stability and maintaining consistent performance during storage,
transportation and application of nanoemulsion-based products. The
distinct flow behavior of nanoemulsions has significant implications for their
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formulation and applications. The pseudoplastic flow at low shear rates allows
for easy handling and efficient administration, while the transition to Newtonian
behavior at high shear rates facilitates predictable processing conditions.
The concentrated solution-like profile and time dependency of flow behavior
highlight the need for careful formulation design and understanding of the
dynamic nature of nanoemulsions [5].

Conclusion

The flow behavior of nanoemulsions exhibits a pseudoplastic-to-Newtonian
transition, allowing for smooth and efficient flow at low and high shear rates,
respectively. The concentrated solution-like profile of nanoemulsions offers
advantages in terms of higher drug loading and dosing efficiency. The time
dependency of flow behavior necessitates attention to stability and consistent
performance over time. Understanding these flow characteristics is crucial for
optimizing the formulation, processing and application of nanoemulsions in
various industries, including pharmaceuticals, cosmetics and food. Continued
research in this area will contribute to further advancements and applications
of nanoemulsion technology.
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