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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.1., 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

[XI]
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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.




Pag. XIV Produzione e caratterizzazione di emulsioni O/W  Daiana Orrico




10.

11.

Bibliografia

McClements, D.J. (1999) Food Emulsions: Principles, Practice and
Techniques. CRC Press, New York.

McClements, D.J. (2007) Critical Reviews in Food Science and Nutrition.
Department of Food Science, University of Massachusetts, Amherst, MA
01003, USA

McClements, D.J. (2005) Food Emulsions: Principles, Practice, and
Techniques. Boca Raton: CRC Press.

Weiss, J. (1999) Effect of Mass Transport Processes on Physicochemical
Properties of Surfactant Stabilized Emulsions. Department of Food
Science, University of Massachusetts, Amherst. 280.

Sjoblom, J. (1996) Emulsions and Emulsion Stability. Marcel Dekker, New
York.

Parker, A., Gunning, P.A., Ng,K., and Robins, M.M. (1995) How does
xanthan stabilise salad dressing? Food Hydrocolloids, 9:333-342.

Rousseau, D. (2000) Fat crystals and emulsion stability: A review. Food
Res. Int. 33:3-14.

Walstra, P. (2003) Physical Chemistry of Foods. New York, NY.: Marcel
Decker.

Yi Zhang. (2016) Particles as stabilizers and wetting modofiers in colloidal
multiphase systems. Georgia Institute of Technology.

Essam Hebishy, Martin Buffa, et al. (2016) LWT - Food Science and
Technology. Ultra high-pressure homogenized emulsions stabilized by
sodium caseinate: Effects of protein concentration and pressure on
emulsions structure and stability.

Laura Lee, lan T. Norton. (2012) School of Chemical Engineering,
University of Birmingham, Edgbaston B15 2TT, UK. Comparing droplet
breakup for a high-pressure valve homogeniser and a Microfluidizer for the
potential production of food-grade nanoemulsions.

[93]



Pag. 94

Produzione e caratterizzazione di emulsioni O/W  Daiana Orrico

12.

13.

14.

15.

16.

17.

Laouini, A., Charcosset, C., Fessi, H., Holdich, R.G., Vladisavljevic, G.T.,
(2013). Preparation of liposomes: a novel application of microengineered
membranes-From laboratory scale to large scale. Colloids Surfaces
Biointerfaces 112, 272e278.

Vanessa Zanatta, Katia Rezzadori, Frederico Marques Penha, Guilherme
Zin, Elenara Lemos-Senna, Jose Carlos Cunha Petrus, Marco Di Luccio.
(2016). Journal of Food Engineering 195. Stability of oil-in-water
emulsions produced by membrane emulsification with microporous
ceramic membranes.

Alexander, M. and Dalgleish, D.G. (2006) Dynamic light scattering
techniques and their applications in food science. Food Biophysics, 1:2—13.

S. R. Reddy and H. S. Fogler. (1980) Department of Chemical
Engineering, The University of Michigan, Ann Arbor, Michigan 48109.
Emulsion Stability: Determination from Turbidity.

Ramsden W. (1903) Separation of solids in the surface-layers of solutions
and ‘suspensions’ (obsservations on surface-membranes, bubbles,
emulsions, and mechanical coagulation). Preliminary account, in:
«Proceedings of the Royal Society of Londony, 72, 156-164.

Pickering S.U. (1907) Emulsions, «Journal of the Chemical Society», 91,
2001-2021.




Desidero innanzitutto ringraziare il professor Gaetano Lamberti, il
mio relatore, per avermi dato la possibilita di intraprendere questa
esperienza, dandomi il supporto e le conoscenze giuste per
affrontarla.

Ringrazio I’Ing. Sara Cascone, la mia correlatrice, per la sua
costante presenza in questi mesi di lavoro e per essere stata sempre
pronta e disponibile a dirimere i miei dubbi durante la stesura della
tesi.

Ringrazio i miei genitori per avermi dato la possibilita, con enorme
sacrificio, di iniziare e portare a termine questo primo ciclo di studi,
dandomi tutto il loro supporto e riporgendo in me una grande fiducia.

Ringrazio i miei fratelli Angelo e Riccardo, e le mie sorelle Maria
Antonietta, Gaia e Paola, per avermi supportato ma soprattutto
sopportato in questi tre anni. Hanno creduto in me, incitandomi
sempre a non mollare, nonostante tutto... Spero di non aver deluso
nessuno di loro!

Ringrazio le mie amiche e coinquiline: Debora, mio mentore, per i
suoi saggi consigli che mi hanno guidato dal primo giorno ad ora;
Valentina, Albina e Marilu per il loro sostegno morale. Sono state
sempre pronte a darmi una parola di conforto.

Ringrazio Mariangela, diventata negli ultimi mesi una compagna di
studio, una coinquilina, nonché un’amica leale. E stata sempre
presente e pronta a tirarmi su di morale ma anche a rimproverarmi
nei momenti opportuni. E stata il mio punto fermo!

Desidero ringraziare, inoltre, tutti coloro che hanno percorso insieme
a me (anche per pochi metri) questa lunga e frastagliata strada che mi
ha portato fino a qui. In particolare voglio ringraziare Gaia per
avermi trascinata con lei. Ha alleggerito le giornate piu cupe e
inondato di ansia le piu chiare. La tua ansia e stata la mia forza! Non
posso non ringraziare Giusy per la sua disponibilita e correttezza.
Pur non avendo trascorso tantissimo tempo insieme, per varie
ragioni, € sempre stata pronta a invogliarmi a fare di meglio. Si €
rivelata una sincera amica.

Ringrazio, infine, me stessa per non aver mollato!

Tutti hanno lasciato un segno indelebile e mi hanno aiutata a
diventare la persona che sono oggi. Grazie!






