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Abstract 

Lipid-based delivery systems are biocompatible, safe and efficacious 
carriers, widely used for their capability in encapsulating and 
releasing, in a controlled manner, of sensible bioactive compounds for 
both pharmaceutical and nutraceutical applications. In particular, 
liposomes have attracted a lot of attention for their biodegradability, 
elevated drug loading, low intrinsic toxicity and easiness of 
preparation. In nutraceutical field, liposomes are used for the delivery 
of nutritional compounds with relevant healthy properties, such as 
vitamins, mineral salts, antioxidants, probiotics, enzymes and 
polyunsaturated fatty acids. Liposomes size and size distribution are 
key parameters for the improvement of nutraceuticals solubility, 
bioavailability and uptake and to preserve food product sensorial 
features (such as taste, aroma, flavor, appearance and consistence). 
Nowadays there is a wide set of possibilities to produce lipid-based 
drug delivery systems through the use of conventional or more 
recently discovered techniques. However, the majority of these 
methods are characterized by high energy request, long times of 
process together with a low productivity. In particular, the most used 
techniques, such as ethanol injection, are bench-scale methods 
characterized by bulk and discontinuous processes. Microfluidics is a 
relatively new technology used for the production of liposomes. This 
technique gives the possibility to produce, in a continuous manner, 
unilamellar nanometric liposomes by monitoring the micrometric fluid 
fluxes. Tuning the flow rates, thus controlling the lipids 
solution/buffer dilution process, liposomes dimension can be 
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controlled. Anyway, these methods are characterized by elevated costs 
of microfabrication and the low product volumes in output. 

The aim of the thesis is to produce iron encapsulating nanoliposomes 
for nutraceutical applications. For this purpose, a bench-scale simil-
microfluidic set up has been designed and developed. The apparatus 
basically consists in the realization of a contact between two flows, 
lipids/ethanol and water solutions, inside a millimetric tubular devices 
where interdiffusion phenomena allow the formation of lipid vesicles. 
Effects of solutions flow rates and lipids concentrations on size and 
size distribution have been investigated. Moreover, ultrasonic energy 
was used to enhance the homogenization of the hydroalcoholic final 
solutions and to promote the vesicles size reduction. By using the 
simil-microfluidic set up, liposomes encapsulating iron were produced 
by considering two formulation protocols in order to optimize the 
encapsulation efficiency. Then, a comparison in terms of vesicles final 
properties (mean diameter size, polidispersity index, zeta potential, 
charge and encapsulation efficiency) was realized between liposomes 
obtained by using the simil-microfluidic set up and the ones obtained 
using the conventional techniques (ethanol injection and thin film 
hydration) at the same conditions. Moreover, in order to perform 
propaedeutic studies for scaling up the plant, the possibility to produce 
liposomal structures using sonication batch with higher volumes (from 
few to hundreds of milliliters) was verified. 

The most important results obtained from the research activities are 
the following. It was observed that by increasing the ratio between 
water solution volumetric flow rate and ethanol/lipids solution flow 
rate, liposomes size decreased; while, at fixed volumetric flow rates 
ratio, by increasing lipid concentration, vesicles size increased. Iron 
encapsulating liposomes are stable with mean diameter  
slightly higher than 100 nm; moreover, through the optimized 
formulation, an encapsulation efficiency of 97 % was achieved. 
Moreover, liposomes obtained by using the simil-microfluidic 
apparatus are comparable with the ones obtained with the 
conventional bench-scale techniques in terms of final characteristics, 
but, using the simil-microfluidic set up, process time reduces and 
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process yield increases thus achieving a massive nanoliposomes 
production. Then, sonication in duty-cycle, used for enhancing the 
homogenization of the hydroalcoholic bulk, was detected to be an 
efficacious and scalable technique in order to reduce vesicles size. 
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Appendice 

Parte dei risultati conseguiti con le attività condotte in questo lavoro di 
tesi sarà presentata al workshop internazionale BIONAM 2016 che si 
terrà in Salerno dal 6 al 7 ottobre 2016: 
 
Sabrina Bochicchio, Annalisa Dalmoro, Federica Recupido, Gaetano 
Lamberti, Anna Angela Barba: “Nanoliposomes production by a 
protocol based on a simil-microfluidic approach”, to be presented to 
the International Workshop BIONAM 2016 Salerno Italy 6th-7th 
October 2016- and in proceedings on “Lecture Notes in 
Bioengineering (LNBE)”, Springer Ed. 
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