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1.Introduction
Lycopene is a carotenoid of industrial/commercial value, it can be found in ripe tomatoes, pink grapefruit, watermelon, guava and papaya, giving them their distinctive red color due to accumulation in the plant through photosynthetic pigment-pigment complexes [1]. Lycopene has anticancer action, is capable of preventing cardiovascular diseases and modulate the immune system. Therefore, it is widely used in functional foods, nutraceuticals, pharmaceuticals and/or other applications [2,3]. However, due to the presence of double bonds in the structure, lycopene is very unstable to factors such as oxygen, light, heat and humidity, which greatly affects its stability during processing and storage, as oxidation may promote its color and loss of functional activity. In this sense, encapsulation is considered an efficient method to improve the stability, bioavailability and effective delivery of lycopene [4]. In recent years, a wide range of colloidal delivery systems have been developed to encapsulate bioactive components, such as molecular complexes [5-7], micro/nano-encapsulation [8-10], micro/nano-emulsions [3], liposomes [11-13], microgels [14,15], and biopolymer particles [16,17]. Due to their easy application in the food industry, emulsion-based delivery systems are particularly suitable for protecting nutraceuticals. In this study, natural extract rich in lycopene obtained by tomato waste was stabilized in oil in water emulsions (O/W). The effect of different extract concentrations in the O/W emulsion on emulsion droplets size distribution emulsion, stability over time and lycopene entrapment efficiency was evaluated.

2. Methods
Preparation of lycopene O/W emulsion
To prepare the emulsion, isopropyl myristate was selected as oil phase, whereas the water phase was  prepared dissolving pluronic at concentration of 1.5% (w/w). The ratio between the water and the oil phase was kept constant: 90/10 (w/w). Briefly, 9g of isopropyl myristate and 1g extracts was mixed with ultrasound at 40% amplitude, on/off = 30/30 s/s. Then 90g of pluronic solution was emulsified at 7000 rpm for 1 min using a high speed rotor stator. Then oil phase was slowly added and emulsified for 9 min. The emulsions were then analyzed with Mastersizer-3000 for drop size distribution (DSD). The emulsions were ultrasonicated at 70% amplitude with probe for 5 min (on/off = 30/30 s/s). At the end of the process emulsions were analyzed for DSD again. All the process was in ice bath.
Total lycopene amount and free lycopene content was determined according to. The encapsulation efficiency was obtained by the following equation:

	(Eq. 1)

Where  is the total amount of lycopene loaded in the nanoemulsions,  is the free lycopene in the nanoemulsions, and  is the initial amount of lycopene added to the nanoemulsions. The  and   were measured following the protocol reported by [18].
To evaluate the storage stability of the nanoemulsions at different temperatures, samples (40 mL) were transferred into glass tubes and stored in the dark at 4, 25, 37 °C. The concentration of lycopene and the particle size of nanoemulsions were measured at regular intervals of three month. Samples were equilibrated at room temperature for 10 min before analysis.

3. Results and discussion
Emulsions were prepared using different amount of tomato waste extract. The extract was obtained by ultrasound assisted extraction at operative conditions of: T = 65 °C, t = 20 min, Liquid to solid ration = 72 mL/g, Amplitude = 65%, on = 33 s, Volume = 90 mL. Lycopene content in extract was 1536 ± 53 µg/g. Different emulsions were changing the O/W ratio and the extracts concentration.
Droplet size is the main parameter to describe the nanoemulsions; the viscosity of the oil phase can determine the final droplet size of nanoemulsions to a certain extent. The optical microscope images of Figure 3 show that the lycopene O/W nanoemulsions were characterized by droplet size of about 350 nm. In addition, the droplets are uniformly dispersed, without aggregations and fusion. Emulsions produced at different conditions were characterized by DSD between 200 nm and 800 nm.
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Figure 1. Optical microscope image of empty (a) and loaded (b) nanoemulsions.
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             Figure 2.  Emulsions loaded with different amounts of extract.

Increasing extract amount loaded in the O/W emulsion, a progressive increase of orange color was observed in the final product (Figure 2).


Storage stability of lycopene nanoemulsions
The stability of the lycopene nanoemulsion was determined at 4°C, 25°C and 37°C. Figure 3a shows that the appearance of the nanoemulsion at different storage temperatures showed significant changes after three months of storage at 37°C. The prepared nanoemulsions did not flocculate or precipitate at 4°C and 25°C. 37°C was a condition of accelerate aging. The stability of the nanoemulsion during storage was evaluated by measuring the change in particle size. Figures 3b shows that particle size did not change much at 4 °C and 25 °C during the first 4 weeks. In addition, the nanoemulsion becomes unstable at 37 °C, a phenomenon that may be due to the decrease in the repulsive force between droplets at relatively high temperature, and consequently, the increase of the average particle size from 300 nm to 800 nm, with the appearance of larger particles.
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             Figure 3a.  Emulsion at 4°C, 25°C and 37°C after 3 months.                    Figure 3b.  Lycopene extracts (1g).   

The encapsulation efficiency (EE) of lycopene in O/W nanoemulsion was calculated according to Eq. 1. Results demonstrated that after 3 months and at different temperature of the lycopene retention rate was in the range between 10.7-55.1 %.
4. Conclusions
In conclusion, O/W nanoemulsions can stabilize tomato waste extract, and different parameters can have a significant impact on the stability of lycopene nanoemulsions. The choice of extract ratio is crucial to improve the properties of nanoemulsions. Future work will regard the study of naturally stabilized emulsions.
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