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Blueberries are highly appreciated for their flavor and their high content of bioactive compounds, with well-known health-
promoting properties [1]. However, they have a short shelf life and edible coatings enriched with essential oils (EOs) represent a 
promising natural approach to extend shelf life while preserving quality and reducing food waste caused by the disposal of 
aesthetically imperfect but edible fruits, a strategy often adopted to satisfy consumers’ aesthetic preferences [2]. 

[1] M. Bezerra, et al. s, Comp Rev Food Sci Food Safe 23 (2024) e13354.  [2] I.E. de Hooge, et al. Food Quality and Preference 56 (2017) 80–92.

The aim of this study was to develop a natural tool to extend 
the shelf life of fresh blueberries by combining the properties 
of chitosan with the antioxidant and antimicrobial activities 
of basil (BEO) and fennel Eos (FEO). 

Sample BEO (%) FEO (%) SL (%)

B0.5 0.5 - 0.25

B1 1 - 0.5

B1.5 1.5 - 0.75

F0.5 - 0.5 0.25

F1 - 1 0.5

F1.5  - 1.5 0.75

Sample HD ± SD (nm) PDI ± SD
z-potential ± SD 

(mV)
B0.5 499 ± 19 0.29 ± 0.05 40.1 ± 0.9
B1 323 ± 16 0.16 ± 0.02 37 ± 1.5
B1.5 362 ± 5 0.19 ± 0.02 43.6 ± 0.4
F0.5 432 ± 12 0.21 ± 0.04 48.7 ± 1.6
F1 335 ± 4 0.18 ± 0.04 36.3 ± 2.9
F1.5 317 ± 1 0.20 ± 0.01 42.8 ± 1.57

– CHIT
– SL

– CHIT+SL
– F1

1) PREFORMULATIVE STUDIES

2) CHARACTERIZATION STUDIES

Table1. Qualitative and quantitative composition of all samples. 

Table 2. Hydrodynamic diameter (HD), PDI  and z-potential of all samples.  

Figure 1. Pre-formulation studies in order to 
identify the optimal composition for 
obtaining a homogeneous sample. The 
selected formulation is circled in red.

Figure 2. Pre-formulation studies in order to identify 
the optimal soy lecithin (SL) concentration and 
sonication parameters to obtain the smallest and 
most homogeneous sample achievable. The 
selected method of preparation is circled in red 

Figure 4. FT-IR spectra of Chitosan alone, SL alone, 
empty liposomes and F1 sample

Figure 3. Anisotropy values 
of liposomes

A B C D

Figure 5. STEM analysis of B1 and F1 samples. Representative images of the B1 
sample (A–B) and F1 sample (C–D), showing their morphological characteristics.
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 B1
 F1 Figure 6. SAXS profiles of B1 and F1 samples. Both samples exhibit 

scattering behaviour consistent with lipid vesicles. B1 shows a more 
homogeneous profile with a more distinct membrane-related feature at 
shorter length scales, whereas F1 displays higher scattering intensity at 
intermediate length scales, suggesting greater structural heterogeneity 
and/or increased lamellar correlation.

3) TOXICITY STUDIES
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B1

1. control
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4. B1:103v/v
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1. control
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Figure 7. Evaluation of BEO and FEO cytotoxicity in Caco-2 cells following exposure to increasing
concentrations. Cell morphology, proliferation, and nuclear integrity were assessed by bright-field 
and DAPI fluorescence microscopy, showing no relevant cytotoxic or apoptotic effects compared with 
the control.

3) EFFECT ON BLUEBERRIES

Figure 8. Visual appearance of blueberries during storage. Coated fruits maintained a more uniform 
appearance up to 21 days, while the control showed increasing signs of deterioration and fungal growth.

Chitosan–EO liposomal formulations were successfully developed, showing suitable physicochemical properties, structural 
stability and no relevant cytotoxicity. The formulations effectively preserved blueberry quality for 21 days, reducing weight loss 
and visible deterioration. Overall, these results highlight the potential of chitosan–EO liposomes as a natural strategy to extend 

blueberry postharvest shelf life and reduce food waste.
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