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Renewability, compostability and recyclability of packaging are becoming

more and more important because of the necessity of decreasing its

burden on environment.

reduced greenhouse gases emissions

circularity and soil quality

as longer as possible storage of carbon 
in products before their composting
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Novel packaging films and textiles with tailored end of
life and performance based on bio-based copolymers
and coatings

• PLA/PBSA blends to obtain films and bran
reinforced composites

• Home-compostable
• Recyclable

Concluded EU projects

Applied onto
bioplastic

thermoformed
prototypes

Prof. Patrizia Falabella, UNIBAS



CHITIN

CHITOSAN

Shrimps
chitin

larvae pupal exuviae adults

larvae pupal exuviae adults

larvae pupal exuviae adults

Shrimps
chitosan

Shrimps
chitosan

Inserire testoInserire testo

Chitin is a by-product of the Hermetia illucens rearing plant



Food waste problem
Food waste is another serious global
problem: approximately one-third of
global food production is wasted every
year, accounting for 8–10% of
greenhouse gas emissions and the loss
of natural resources such as water,
energy, and soil.

The Mediterranean region is particularly vulnerable to

the effects of climate change (loss of biodiversity,

water scarcity, and soil degradation) and experiences

very high levels of food waste.



Issues of the

Mediterranean area

• Excessive waste of

Mediterranean

perishable foods

• Not utilized agro-waste

of plants

• Need of smart,

«biomimetic» and

biocircular packed fruits

Biopolymer matrix composites with filler 
derived from fruit cultivation waste to:

→valorize the agro-waste

→improve rigidity

→improve biodegradability

→reduce production costs

Use of extracted anti-oxidants and

anti-microbial biopolymers from insects

to add specific properties 



Mediterranean
perishable foods

PLAnt-based 
antiMIcrobial
aNd circular 

PACKaging for 
plant products

AMIN in Arabic means safe: the best 

protection for its fruits lies in the plant  



www.plaminpack.com
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The packaging materials: Unipi role
WP2
• Development and selection of materials for films, trays and nets; 
• Production of prototypes of film, trays and net.



Raw materials from strawberry, dates and tangerins plants

Pisa, centro Avanzi
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Raw powders from strawberry, dates and tangerins plants

Tangerine plant

Date palm

Strawberry plant

Date plant waste showed the highest thermal stability but a very irregular and coarse fibrous structure. 
Infrared ATR spectra suggested diversification in aromatic/phenolic content of powders.



Tangerine tree based waste

Accelerated
Solvent
Extraction



LC-MS/MS analysis for polyphenol profiling

This band thus suggests the presence of 
sugars or other polyphenolic compounds in 
the Hesperidin-based extract. Hesperidin is 
about 10 mg/gDM and TPC is 20 mg/gDM.

The weight fraction of extracted material consists of 
about 10%, hence about 90% is the residual fraction

hesperidin



purified extract has a 
bacteriostatic effect on the 
four strains studied: 

the extract treatment considerably inhibited 
the cells' attachment, where the percentage 
of covered surface was lower than 5%
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Tangerine powder: pruning waste
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Residue to extraction: tangerine
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Decreased and shifted peaks related to polyphenols

Spectrochimica Acta P. A: Mol. Biomol. Spectr.,153,2016,
94-101, https://doi.org/10.1016/j.saa.2015.08.020

After the extraction the removal of polyphenols and the 
formation of surfacial cavities was revealed

Fillers deriving from tangerine tree (Morocco)



spinning

Injection molding

Flat die extrusion

Production of formulations in 
pellets (twin screw extrusion)

Step 1 Step 2



Materials for nets

Compositions of tested materials for nets

PLA

PLA/PBSA 90/10

PLA/PBSA 80/20 

PLA/PBSA 80/20 + 10 wt.% Tangerine residue 
PRE-extraction

PLA/PBSA 80/20 + 10 wt.% Tangerine residue 
POST-extraction

Spinnability

PLA PBSA



PLA/PBSA 80/20 

PLA/PBSA 80/20 +
10 wt.% Tangerine
residue PRE-extraction

PLA/PBSA 80/20 +
10 wt.% Tangerine
residue POST-extraction

Filaments produced by extrusion process

Materials for nets

PLA/PBSA 90/10 



Prototyping nets

Production of biobased polymeric 
blends by extrusion compounding

Production of multifilament yarns by a 
melt spinning process

Weaving process for the realisation of 
nets for fruits and vegetables

Testing and validation of net 
prototypes for fruits and vegetables

Coating developed by UNIPI: HI Chitosan & 
Tangerine tree extract



Materials for trays

Compositions of tested materials for trays

PLA/PBSA 60/40

PLA/PBSA 30/70

PLA/PBSA 60/40 + 30% Tangerine residue PRE- extraction

PLA/PBSA 60/40 + 30% Tangerine residue POST- extraction

PLA/PBSA 30/70 + 30% Tangerine residue PRE- extraction

PLA/PBSA 30/70 + 30% Tangerine residue POST- extraction

PLA/PBSA 60/40 + 30% Tangerine residue POST- extraction + 
Tangerine Antioxidants

PLA/PBSA 30/70 + 30% Tangerine residue POST- extraction + 
Tangerine Antioxidants

Rigidity
Good biodegradability

Low-cost

PLA

PBSA

Tangerine 
Antioxidants



1. Granules for matrices made 
with extruder

2. Compounding of matrices 
with fillers using Minilab 

(laboratory-scale twin-screw 
mixer-extruder)

3. The HAAKE MiniJet II piston 
injection molding system was 

used to produce dog bone shaped 
samples for the characterization of 

tray mixes.

Materials for trays



Scanning Electron Microscope

PLA/PBSA 30/70 PLA/PBSA 60/40

Materials for trays

Good adhesion 
between residues and 
matrix is confirmed

PLA/PBSA 30/70 +30%PRE

Dispersed 
blend

Co-continuous
blend



Prototyping trays

Poly(Lactic Acid) - PLA Poly(butylene Succinate-co-Adipate) - PBSA Date Palm Residues - DPR

PLAMINPACK PROJECT



DATE PALM RESIDUE

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Zone 9 Zone 10 Zone 11

95 150 180 185 185 190 185 185 185 175 175

Temperature Profile (°C) Process Parameters

Screws speed (rpm) Feed rate (kg/h)

200 10

Sample Name PLA (wt.%) PBSA (wt.%) Date Palm Residues (wt. %)

60/40 60 40 0

60/40 + 10DPR 54 36 10

60/40 + 20DPR 48 32 20

60/40 + 30DPR 42 28 30

Formulations & Extrusion Process



Injection Molding Process

Temperature profile (°C) 190 – 195 - 200 - 200

Mould temperature (°C) 25

Injection holding time (s) 5

Cooling time (s) 5

Injection/maintaining pressures (bar) 120/90



Polysaccharides 2026, 7(1), 25

• Subcritical water extraction (SWE) maximised phenolic

content and antioxidant capacity while minimising

sugars’ co-extraction

• (120 °C, 5 min, and S/L ratio 40) yielded a total

phenolic content (TPC) of 146.9 mg GAE/g DM and an

antioxidant activity of 24.8 mg TE/g DM, comparable to

ethanolic reflux extraction (138.4 mg GAE/g DM and

23.4 mg TE/g DM).

• Scale-up in a Parr pressurised reactor achieved 91.2%

polyphenol recovery relative to accelerated solvent

extraction (ASE).

• Purification using Amberlite® XAD 7 resin enhanced

TPC purity and antioxidant activity more than 2.5-fold,

producing a desorbed fraction with a polyphenol purity

of 93.9% (w/w, dry basis) and no detectable sugars.



Materials for films

Compositions of tested materials for films

PLA/PBSA 60/40

PLA/PBSA 30/70

PLA/PBSA 60/40 + Strawberry Antioxidants

PLA/PBSA 30/70 + Strawberry Antioxidants

PLA PBSA

Viscosity, 
mechanical 

resistance and 
flexibility suitable 
for production of 

cast extrusion 
films

Strawberry 
Antioxidants



1. Granules for matrices made 
with extruder

2. Compounding of matrices with 
antioxidants  using Minilab 

(laboratory-scale twin-screw mixer-
extruder)

3. Film production with a 
laboratory hot plate press



• 120 mm of width
• About 50-100um of

thickness

The PLA/PBSA 60/40 blend
resulted processable by this
technique

Prototyping films

• The addition of anti-
oxidant during
extrusion was
recently carried out

• A coating based on
HI chitosan and anti-
oxidants with good
adhesiveness to
films was developed



• PLAMINPACK project is developing easy to up-scale biobased packaging
materials and methodologies (to produce nets, films, trays, coatings)
reducing the loss of food, especially the most perishable ones.

• This new packaging concept will be fully inserted in the circular
management of a farm, including specific digital tools, so that all the
biomass waste is reused and contribute to generate again food, packaging,
feed or amendments. Moreover, the new packaging materials will be
tested for their stability under environmental conditions exposure as well
as potential recyclability and environmental impacts after waste materials
disposal.

• Thus, this new packaging will contribute to the growth of local businesses
and job creation so that all actors along the value chains can gain from
biomass valorisation.

Conclusions

Stay tuned with PLAMINPACK!!!
https://www.plaminpack.com/



https://www.plaminpack.com/

LinkedIn group
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Research true value lies not only in the knowledge we create, but
also in the people we meet, the cultures we discover, and the
connections that make science a truly global endeavor.

Porf. Aouatif Aboudia
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