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Abstract 

In this work oil in water emulsions containing vitamins were produced 
and characterized, for animal use. The aim of this work is to 
investigate the conditions that allow the production of nanoemulsions 
stable over time. In order to produce a stable product, the emulsions 
were prepared with different techniques using different stirring times. 
In particular, two mixing techniques were used: magnetic and 
ultrasonic. For the magnetic stirring three stirring times were used: 30, 
60, and 120 minutes; instead, for the ultrasonic atomization, were used 
as stirring times: 10, 20, and 40 seconds. Another aim of this work is 
the optimization of the ratio between the oil phase and the mixture of 
surfactants. Then emulsions with different ratios between the oil phase 
and the surfactant, were produced keeping constant the ratio between 
the aqueous phase and the oil phase. The the oil/surfactant ratios used 
were: 1/0.5, 1/1, and 1/2. In order to check the stability of the 
produced emulsions, they were also characterized during the time 
through an optical microscope, a spectrophotometer, a nephelometer 
and a nano zeta sizer. The materials used for the production of the 
emulsions (the aqueous phase, the oil phase and surfactants) were 
supplied by Farmer s.r.l., the company partner of the research project. 

Firstly emulsions were produced using as the surfactant polyethylene 
glycol-glyceryl monoricinoleate (Geronol) and varying the ratio 
between the surfactant and the oil phase, the type and the mixing time 
were also varied. The prepared emulsions were characterized through 
an optical microscope, in different times after the production, to 
evaluate the stability of the emulsion over time. Photos of the 
emulsions stored in test tubes, were also taken, to verify if the phase 
separation phenomena takes place during the time. It was also 
calculated the energy supplied by the two mixers, and this was 
compared with the theoretical energy necessary to obtain a 
nanoemulsion. In the described conditions it can be noted an average 
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size of the droplets in the order of microns, with relatively larger size 
for the emulsions prepared using a magnetic stirrer. In both types of 
agitation there is a high dependency between the size of the droplets 
and the stirring time, and thus the energy supplied to the emulsion. 
More energy is delivered, the smaller the average diameter of the 
droplets. From theoretical calculation of the energy necessary for the 
production of nanoemulsions, it can be said that in both types of 
agitation much more energy is provided than the necessary. This could 
mean that, emulsions with a size in the order of nanometers, 
energetically are obtainable, but the droplets aggregate 
instantaneously, probably because the surfactant used is not suitable. 
For this purpose, the stability of emulsions increases with increasing 
oil/surfactant ratio. But even under the best conditions it was not 
possible to obtain the desired product. 

Therefore, the surfactant was changed, by introducing a new 
surfactant: Ethoxylated sorbitan monolaurate (Tween 20) with an 
HLB (hydrophilic-lipophilic balance) higher, which was used in a 
mixture with the previous one. From this time, emulsions were 
prepared only with an ultrasonic atomizer, because much more 
efficient in the production of emulsions compared to the magnetic 
stirrer. The stirring time, the ratio of oil phase and surfactant and the 
ratio of the two surfactants in the mixture (25:75, 50:50 and 75:25) 
were changed once again. This series of emulsions were characterized 
using a spectrophotometer, a nephelometer; moreover an analysis was 
made to measure a distribution of droplet size in the nanometer range 
1-10000. These characterizations were made at two times: a few hours 
from the production and after 16 days, to check the stability over the 
time. From the results obtained, in terms of volumetric distribution, 
the integral value of the absorbance curve versus the wavelength and 
the turbidity value, can be related to the stirring time (delivered 
energy). Moreover, the size and the stability of the droplets are 
influenced by the HLB value. Concerning the turbidity values, it is not 
possible to identify a univocal relationship with the diameter of the 
droplets in the dispersion, probably due to the presence of multimodal 
distributions. In fact, this type of distribution implies the simultaneous 
presence in the sample of very small droplets and larger aggregates. 
This affects the turbidity value. Concerning to the integral value, it is 
also difficult to find a relationship with the size of the droplets; but, 
from the results obtained it can be said that the value remains constant 
over the time and therefore the emulsion has a certain stability. The 
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presence of nanometric droplets results in a low integral value, but 
also the presence of a few droplets of larger diameter can also 
influence the measurement. In addition, both the integral value and the 
turbidity, can be affected by the presence of components suspended in 
the aqueous phase which disturb the measurement. 

In conclusion, among the analyzed operating conditions, the best ones 
are found to be the emulsions produced by an ultrasonic atomizer, 
with 40 seconds of atomizing times, ratio between oil/surfactant of 1/2 
and mixture of surfactants with a high HLB. 
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