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1. Introduction – Coffee is one of the most consumed beverages in the world and 650 kg of SCG are generated by 1000 

kg of processed green coffee beans [1] . Spent coffee grounds (SCG) represent a high available agrifood waste product, 

and are rich of polyphenols, caffeine, tannins, melanoidins, chlorogenic acid and some fatty acids. Recently, many efforts 

have been devoted to find a new reuse of coffee grounds, taking into account of their chemical composition and, mainly, 

their antioxidant features. In this work, the employment of SCG extracts as antioxidant agents to be added to food 

packaging biopolymers to provide functional properties is proposed. The introduction of SCG extracts in biopolymeric 

matrices could enhance their barrier properties, acting as oxygen scavengers.  In particular, in this work both natural and 

synthetic biopolymers (e.g. polylactic acid (PLA), polycaprolactone (PCL), chitosan, alginate, zein) have been selected 

as matrices for the designed films. Even if all these biopolymersare biodegradable, compostable and processable, they 

present low mechanical and barrier properties. The introduction of fillers and agri-food waste materials can overcome the 

mentioned limits [2], maintaining the final product ecosustainable and compostable. The influence of the used extraction 

procedures to obtain SCG extracts 

 

2. Experimental – SCG, the waste material from brewing traditional espresso coffee, was supplied by a local coffee shop 

in Naples and consisted of 100% Arabica cultivar. The extract of coffee ground was obtained by three different extraction 

techniques: chloroform, n-hexane and Norflurane  [3] . 

In the first case, coffee grounds powder (1%w/v) was magnetically stirred in chloroform (CHCl3, Sigma Aldrich, ≥ 99%), 

using a flask, equipped with a refrigerating column, at 70 °C for 2 hours [4]. In the n-Hexane extraction the total oil 

content (OC) of the SCG matrices was obtained by Soxhlet extraction with 100 mL of n-hexane for 5 hours. Extraction 

experiments with Norflurane as solvent were performed using a laboratory-scale system [5, 6] . Briefly, liquid Norflurane 

was percolated through the SCG matrix bed that was placed in an extraction chamber at 8-10 bar to enrich its coffee oil 

content. 

The different obtained extracts were added to selected biopolymers to create packaging films. After the polymer 

dissolution in the three different extracts, the produced solutions were casted on Teflon Petri dishes with a diameter of 10 

cm and dried under the fume hood covered with a watch glass, until solvent evaporation. As a reference, neat polymeric 

films were also prepared, following the same procedure. The exact amount of caffeine content was evaluated using an 

UV–Vis spectrophotometer in the wavelength range 200–500 nm, while the chemical composition of SCG extracts were 

analysed by high-performance liquid chromatography (HPLC)/UV–Vis detection. The influence of the extracts on the 

morphology, crystallinity, thermal and mechanical properties was investigated by scanning electron microscopy (SEM), 

X-ray diffraction (XRD), Fourier-Transform Infrared (FT-IR) spectroscopy, differential scanning calorimetry (DSC) and 

uniaxial tensile tests, respectively. 

 

3. Results and Discussion – From the related UV-Vis spectrum we were able to assess that the caffeine amount within 

the spent coffee ground extract by chloroform technique was about 2 mg per gram of spent coffee [4] , while higher 

concentrations were revealed in the extracts by n-hexane and Norflurane, that are very close to the concentration reported 

in literature for spent coffee (i.e. around 4,7 mg of caffeine per gram of spent coffee [7] ), This experimental evidence 

suggested that either the caffeine content such as the main antioxidant molecules present in coffee beans [8]  are connected 

to specific extraction process. 

During the first phase of the extraction process, more oil was available on the outer surface of the solid particles and the 

extraction process was governed by the external mass transfer of the oily solute that was solubilized in liquid. Conversely, 

the second phase of the extraction process was controlled by the diffusive transfer of oil or the oil dispersed in water, 

which dissolved in the solvent, moved through the internal pores of the SCG matrix, suffered an internal resistance to 

mass transfer, and led to the decrease in the oil extraction rate for both samples. 

In the extraction with Norflurane, the time of extraction process was very shorter (about 30 minutes) than for chemical 

extraction techniques (2 or 5 hours) thanks to recirculating process [3, 4, 6]. 

In a preliminary step, the production of SCG extracts loaded biopolymeric films was set up, and uniform, homogeneous 

a defect free films were obtained. The extracts encapsulation was demonstrated by the co-presence of the used polymers 

and extracts functional groups in the acquired FTIR spectra. The interaction between the additives and the matrices was 

revealed in the DSC thermograms. The influence of the extract components on the Young’s modulus, maximum strength 

and elongation at break was evidenced in the uniaxial tensile curves.  
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4. Conclusions – The novelty of the work is represented by the comparison of 3 different extraction procedures 

(chloroform, n-hexane and Norflurane) for the obtainment of SCG extracts to be used as antioxidant agents in active food 

packaging biopolymeric films. The first two extraction processes in chloroform and n-hexane are based on chemical 

solvents and the time of extraction is very long, while the Norflurane extraction method could be competitive with other 

extraction techniques, such as sc-CO2 extraction, owing to the low pressure and temperature required, nontoxicity and 

non-flammability of Norflurane, low environmental impact of the system, and extraction yields achieved. SCG extracts 

loaded biopolymeric films were successfully produced, presenting a homogeneous and defect free surface, and thermal 

and mechanical properties influenced by the extract addition, resulting promising for the application as compostable active 

food packaging materials. 
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