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ABOUT GIFLEX
GIFLEX is the Association that brings together manufacturers of
ﬂexible packaging printed in gravure and ﬂexography, for packaging
of food, pharmaceuticals, chemicals and other industrial applications.
The Group is integrated into the Conﬁndustria system, through the
Associazione Nazionale delle Industrie Graﬁche, Cartotecniche e
Trasformatrici (National Association of Printing and Paper Processing
Industries) and, in Europe, is a member of FPE (Flexible Packaging Europe).
Ever since its establishment in 1985, the Group has provided a reference
and support to its members, bringing a wide range of services, such as:
Information on the technical, regulatory and marketing aspects related
to ﬂexible packaging
The creation of technical, economic and statistical documents and
studies
The training of technical and sales staﬀ
Organizing events of a general nature, such as conferences and
congresses, and workshops on speciﬁc topics.
Furthermore, through the activity of specialized working groups and
coordinated by consultants, experts in the ﬁeld, Giﬂex carries out a
constant and continuous monitoring and updating of the legal aspects
and the environmental issues aﬀecting the production and the application
ﬁelds of ﬂexible packaging, providing insights and timely assistance to the
entire membership base.

ABOUT ETHICAL PACKAGING CHARTER FOUNDATION
The 3rd API Congress shares the values and
commitments of the Ethical Packaging Charter
Foundation.

KEYNOTE LECTURES

Chemical Recycling of Plastic Packaging
Gaetano Guerra
Università di Salerno,Dipartimento di Chimica e Biologia, Via Giovanni Paolo II 132, 84084 Fisciano (SA),
gguerra@unisa.it

The contribution is mainly based on the report of the European Academies Science Advisory
Council (EASAC) on "Plastics & Circular Economy".1 EASAC is a body that provides scientific
advice for the benefit of Europe and involves the National Scientific Academies of the EU states
and Norway and Switzerland (for Italy, the Accademia Nazionale dei Lincei).
Emphasis will be given above all to the suggestions of the EASAC report to improve the technical
and economic feasibility of recycling, starting from the concept of design aimed at recycling
('design for recycling'). In this short summary, only the most relevant EASAC tips are indicated:
- Limitation in the use of multi-material packaging
- Limitation in the use of dark colors, which make separation by optical techniques (NIR)
difficult.
- Limitation in the types of polymers to be used for specific applications.
- Use of pure polymers (avoiding "blends" and special products, for large volume applications)
Different methods of chemical recycling will be shortly compared:
Depolymerization: re-obtaining monomers from pre-sorted polymers
Pyrolysis: thermal decomposition in the absence of air
Gasification: thermal decomposition in the presence of air
Some emphasis will be also given to polymer upgrading processes, i.e. processes that increase
(rather than reduce) the molecular mass (chain length) of post-consumer polymers. Upgrading is
expected to be particularly helpful for a true circular economy, because it allows recycling in the
same application that generated the waste.
References
1. https://easac.eu/publications/details/packaging-plastics-in-the-circular-economy

New risks in the flexible packaging supply chain
Luca Marmo, Enrico Danzi
Politecnico di Torino, Italy

Abstract
Alongside with new technologies and progress in the packaging industrial sector new challenges arise as all
the supply and manufacturing chain could present novel risks and safety issues. If the polymer processing
chain is considered, the “traditional” risks are considered (flammability and toxicity of the monomers
adopted as raw materials is deeply investigated, e.g., such as ethylene or benzene), while the packaging
sector implies several other factors which could be associated to different type of substances, processes,
operational activities. Flammable and combustible materials handling and storing, the diversity of processes
adopted to generate flexible multilayered elements, the likelihood of exposure to toxic agents, the high
variety of additives used and their peculiar properties, the severe density of ignition sources in working
ambiances identify the main key issues to safety in the sector. Furthermore, it’s been reported an exponential
rise in packaging market scale which do implies a pressure on the production and logistic chain.
Chemicals exposure and flammability characterization of substances associated to flexible packaging
industry will be identified, as the main safety issues in the operational activities throughout the production
chain, i.e. from supply to conversion processes and storage/logistic operations, but also to recycling plants.
This latter could constitute a specific case, as dust explosion potential is clearly identified: mechanical
operations involved could generate fine combustible particles, which generate a flammable mixture, if
dispersed in air. Dust explosion statistic is relevant and demonstrated how plastic manufacturing is one of the
most implicated sector in the last twenty years.

Can flexible packaging ever truly be circular?
Dana Mosora
Communication Manager Ceflex
In the circular economy, we are able to collect, sort and recycle all flexible packaging – and use it in sustainable
end markets to substitute virgin materials. This session will outline the steps on that journey with a focus on
driving value and quality through recycling processes; notably a multi-stakeholder Quality Recycling Process
(QRP)making a significant boost to higher-value end-market applications from resulting recycled polymers.

Learn about pathways across multiple recycling streams, critical design elements and new packaging
applications in recycled film grade polyethylene and recycled polypropylene, including collation
shrink, pouches, labels and injection moulding. Discover the business case and economics which incentivize
collection, increase quality of recycled household collected flexible packaging and create economic value.

Sustainable active packaging:
from materials development to product design
Paolo Vacca, SAES Group Research Labs – SAES Getters S.p.A., viale Italia 77, Lainate
For over 70 years SAES research method has established a string of successes. Right from the first discovery
– a new method to produce getters by means of nickel covers protecting barium plastics to prevent oxidation
– SAES has been synonymous with innovation.
In the last 15 years, SAES research method has been applied on nanotechnology and functional materials to
develop a new class of functional products for active packaging
applications. From the very beginning of this activity, we at SAES
decided to make sustainability the core of our development process. We
adopted a process design for the environment, where all development
phases are submitted to an environmental impact evaluation, which
excludes the use of any toxic material. Materials preparation processing
has been redesigned to limit the consumption of valuable resources,
utilizing green synthetic routes enabling the production of materials
shaped in different framework structures and compositions. These
materials offer unique properties enabling new strategies for the
integration of functional properties into industrial applications where
SAES’ Specialty Chemicals technology platform can play an important
role [1-3].
In this context, two different companies of SAES Group are involved in the value creation process: 1) SAES
Coated Films (SCF) specialized in high-barrier packaging films through functional coatings deposited via
water-based technologies and 2) SAES Getters, an advanced materials company world leader in the supply of
functional materials for many high tech applications. The innovation process requires a parallel management
of two different task: product design to meet application requirements enabling sustainable environmental
impact and functional product development ensuring designed functionalities and innovative performances. A
recent development related to a new active packaging based on antioxidant functionality will be discussed in
terms of product design, materials development, functional assessment up to final adoption in food packaging
application.
[1] WO2012004222

[2] WO2017141159

- [3] WO2016125050

A sustainable packaging solution for oxygen barrier application based
on active natural scavengers
Matteo Minelli
University of Bologna, Italy

The paper reports a comprehensive research and development activity aimed to obtain an innovative packaging
solution for food application endowed with oxygen barrier feature. A wide multidisciplinary team, including
both research scientists and companies, has participated to the project with the idea to achieve more sustainable
packaging materials, exploiting new materials from renewable sources and with greener end life, while
maintaining similar performances to the existing materials.
A multilayer strategy has been adopted, considering a sandwich structure with PLA films complemented by a
thin active layer able to actively capture penetrating oxygen. The scavenger has been developed using a natural
substance fully biodegradable, deposited from a water-based solution. An atmospheric plasma treatment on
the polymer surface promotes the compatibility of the layers and allows the desired adhesion.
The innovative material has been tested at the lab-scale, with the fabrication of multilayered film and pouches,
and later scaled-up in a continuous (semi-industrial) process by means of a dedicated prototype for films
coupling and lamination.
The pouches have been also tested for the target application, and thus filled by food semi-liquid product (basil
pesto) and olive oil, and the resulting effectiveness of the barrier film evaluated, thus revealing a significant
increase in the obtained shelf life upon the addition of the active layer.

ORAL PRESENTATIONS

ECO DESIGN, CIRCULAR ECONOMY AND
ENVIRONMENTAL IMPACT
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RECOVERY OF POLYETHYELENE/POLYAMIDE MULTIMATERIAL
FILMS THROUGH MECHANICAL RECYCLING PROCEDURE
Sergio Manuel Espinosa Martíneza
a

UBE Corporation Europe S.A.U, Nylon R&D Department, Spain
s.espinosa@ube.com,

INTRODUCTION
Polyethylene is one of the most widely used polymers in plenty of applications, such as films,
bottles, etc… Its recyclability is relatively easy when used alone. However, in food packaging
applications, which consists in 23% of the whole PE flexible film market, it is common to combine
polyethylene with other materials to improve the performance of the product [1]. Nylon specifically
can be used to increase the mechanical resistance and the oxygen barrier of a film package.
Design for recycling guidelines advice that multimaterial packaging can make recyclability
challenging and suggest using a single material [2]. Eliminating nylon from films for food
packaging brings downsides to the performance. The breaking rate of the packages increases and
the shelf life of products decreases, contributing to more food waste.
Studies regarding the compatibility of R-PE/R-PA blends have been carried on. Though initially
chemically immiscible, the stability of the mix can be improved with the use of PE-g-MAH
resulting in good quality regranuled products [3].
Therefore, the paper presents the process of recycling multilayer PE/PA films for food packaging
by following a mechanical recycling protocol [4].
1

EXPERIMENTAL SECTIONS

Original films were prepared in a multilayer airblown extrusion pilot plant with the general
structure PE/Adh./PA/Adh./PE with different quantities of polyamide. Control film made of PE
only. PE (LDPE, grade name 410E) was supplied by Dow Chemicals. Adhesive material (LLDPEg-MAH, grade name NF498E) was supplied by Mitsui Chemicals. Polyamide 6 (grade name
1030B) and polyamide 6/6.6 copolymer (grade name 5034B) obtained from UBE Corporation
Europe SAU. Sample codes and compositions are detailed in Table 1.
Table 1.
Control
0%

SH5
5% PA6

Sample codes and compositions (original films)

SH15
15% PA6

SH30
30% PA6

SC5
SC15
5% PA6/6.6 15% PA6/6.6

SC30
30% PA6/6.6

Films were shredded in a blade mill to 5mm pieces and repelletized in a twin-screw extruder. For
the repelletization blends of control film and studied films were performed with ratios of 25/75 and
50/50 (study/control). Sample nomenclature for pellets follows “A25” or “A50” depending on the
studied film ratio plus the code of the original film.
Pellets were then converted to a 25µm monolayer film in an airblown extrusion line blending every
sample with 50% of virgin PE (same as in control film). Sample nomenclature for films follows
“B25” or “B50” depending on the studied film ratio plus the code of the original film.
Melt pressure and DSC (Differential Scanning Calorimetry) were recorded for the pellet samples.
Evaluation of film samples consisted on tensile strength at break, tear resistance, haze and gels
visual inspection.

2

RESULTS

DSC values of the pellet samples are not significantly altered. Small signals appear near the
polyamide melting point (220ºC for polyamide 6 and 192ºC for polyamide 6/6.6) but have a very
low entropy level to be recognized and there was no major impact on the processing of the material.
The values of the melt pressure during the repelletization of the shredded film pieces are presented
in Table 2 and Table 3, which show a stable process for every sample compared to the control.
Table 2.
Control
34

A25.SH5
30

A50.SH5
32

A25.SH15
31

Table 3.
Control
34

A25.SC5
32

A50.SC5
32

Extruder pressure [bar]
A50.SH15 A25.SH30 A50.SH30
32
31
34

Extruder pressure [bar]
A25.SC15
31

A50.SC15 A25.SC30 A50.SC30
34
31
33

Haze values increase with higher concentration of polyamide in the final film. No increase in gels
or specks were detected compared to the control sample.
Mechanical properties (tensile and tear resistance) are improved when combining PE and PA
compared to the control as shown in Table 4, Table 5, Table 6 and Table 7.
Table 4.
Control
16,19

B25.SH5
20,00

Tensile strength at break [MPa]

B50.SH5
18,71
Table 5.

Control
16,19

B25.SC5
19,33

B25.SH15
17,80

Tensile strength at break [MPa]

B50.SC5
18,51

B25.SC15
18,39

Table 6.
Control
0,35

B25.SH5
0,53

B50.SH5
0,74
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B25.SC5
0,54

B50.SC5
0,51

B50.SC15 B25.SC30 B50.SC30
18,53
15,19
16,16

Tear load [N]

B25.SH15
0,47

Table 7.
Control
0,35

B50.SH15 B25.SH30 B50.SH30
16,45
17,63
18,56

B50.SH15 B25.SH30 B50.SH30
0,54
0,59
0,66

Tear load [N]

B25.SC15
0,41

B50.SC15 B25.SC30 B50.SC30
0,48
0,40
0,49

CONCLUSIONS

Multilayer PE/PA films commonly used in food packaging applications with up to 30% of
polyamide content (PA6 and PA6/6.6) can be mechanically recycled without loss of performance.
4
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DESIGN AND DEVELOPMENT OF PE-RICH FORMULATIONS FOR
THERMOFORMING APPLICATIONS
Laura Evangelioa, Martin Hilla
a

Dow Chemical Ibérica, Tarragona, Spain

INTRODUCTION
Flexible Packaging in Europe holds the second position in the global flexible packaging
market. Over the forecast period of 2019-2027, the market is estimated to grow at a CAGR
of 4.29%.1
The indiscriminate disposal of plastic has become a major threat to the environment and
flexible packaging is currently facing several challenges with the growing stringent
environmental regulations and issues related to recyclability. This has increased the demand
for polyolefin-rich solutions which can potentially improve recyclability vs multi-material
solutions.
Meat and cheese packaging is an important sector for the Food and Specialty Packaging
(F&SP) market. In the space of flexible packaging (12% demand of overall food packaging
market), thermoformed packaging represents a significant volume of the overall market, as
it provides many benefits including extended shelf-life, appealing shelf-presence and
advantaged packaging format.2
During the thin-film thermoforming process, the multilayer film is heated up and formed to
a specific shape in a mold. The filling product is added and finally, the lidding film is sealed
on the top of the thermoformed tray either with or without the application of vacuum to the
pack. The film structure needs to be designed not only to meet the relevant recyclability
guidelines, but it must protect the contents through the whole value chain, providing the
necessary shelf-life and fulfilling all functional requirements (high puncture resistance and
toughness, gas barrier properties and thermoformability amongst others).
The main objective of the work in Dow was to develop a polyethylene (PE) – rich solution
for thermoforming applications. This solution would replace current typical formulations in
which nylon and other functional resins are used together with PE. Nylon is used because it
provides formability to the film, thermal resistance during heat sealing, medium oxygen
barrier, optical performance and abuse resistance. Therefore, the combination of the optimal
PE grades together with a minimal use of oxygen barrier resin needed to be found in order to
replace these traditional structures without negatively impacting key performance parameters
while offering a design aligned to European recyclability guidelines.3

In the study, current formulations used in the thin film thermoforming market were directly
compared to several PE-rich new film designs. As can be observed in figure 1, the
combination of appropriate PE grades allows to define an optimized PE-rich structure that
fulfills the application requirements, and that is aligned to design-for-recyclability guidelines
and circular economy trends.

Fig. 1. Mechanical performance comparison between incumbent and PE-rich structures with oxygen barrier
for thermoforming barrier applications

REFERENCES
1

Global flexible packaging market forecast 2019-2027. Inkwood research, 2018.
https://www.inkwoodresearch.com/reports/flexible-packaging-market/.
2

Smithers Pira. 2017.

3

CEFLEX. https://ceflex.eu/. 2020.
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PRINTING INK IMPACT ON FLEXIBLE PACKAGING RECYCLING
HOW PRINTING INKS CAN ENABLE SUSTAINABLE PACKAGING SOLUTIONS
Dr. Lars Hancke
hubergroup Germany lars.hancke@hubergroup.com

1

INTRODUCTION. TRENDS IN RECYCLING

1.1 Overview of recycling technologies
• Mechanical recycling is the start of the art technology but still limited in recyclate quality.
• Other technologies have evolved with the potential to increase the quality of recycled
materials like solvent-based purification or chemical recycling. However, these still need to
demonstrate economical and technical feasibility on industrial scale.
• Short-term target for improving flexible packaging sustainability is optimising mechanical
recycling process!
1.2 Trends in mechanical recycling
• Convert film-based packaging to paper.
• Switch multi-material packaging to mono-materials. For film-based packaging this means
switching packaging consisting of different polymers to mono-PE or mono-PP packaging.
• Remove critical polymers like PVC films and inks or PvDC coatings.
• Improve sortability of post-consumer waste:
Holy Grail Project using digital watermarks to allow defined sorting of waste to enable better
recylate quality.
1.3 The role of printing inks in mechanical recycling
• Mechanical recycling involves temperatures around 240-250°C.
• Printing inks may decompose and generate breakdown products that deteriorate recyclate
quality – technically (mechanical properties) and sensorially (odour, colour).
• Current recycling guidelines like RecyClass or others are quite superficial and do not
consider printing ink heat stability.
2

PRINING INK MANUFACTURER APPROACH

2.1 Overarching activities
• Cradle to Cradle (C2C) certification
C2C is the most comprehensive certification for sustainability performance. It refers to the
product (toxicity to environment, recyclability) and to the processes inside a company
(carbon footprint, renewable energy, water-stewardship, social responsibility)
Cradle to cradle provides a framework for more specific sustainability projects.
Specific projects and co-operations

2.2 PrinCYC project
• PrintCYC is a co-operation of companies along the packaging value chain.
The project specifically aims at investigating the role of printing inks in direct mechanical
recycling of printed packaging.
• Standard nitrocellulose inks decompose during recycling and negatively affect recylate
colour, odour, and mechanical properties.
• Thermostable polyurethane inks can be re-extruded during recycling and recyclate quality is
comparable to virgin material.

2.3 Deinking
• While thermostable inks are ideally compatible with mechanical recycling it may not be
possible to convert all standard inks to these new formulations
• Deinking offers a solution using hot washing process already industrially implemented in
PET bottle recycling.
2.4 Maintain functionality of monomaterial packaging
• Barrier lacquers: Oxygen barrier lacquer to enhance poor oxygen barrier of mono PP and PEpackaging
3

SUMMARY
•

Design for recycling is feasible with the right combination of materials:
o (monomaterial) films
o Lamination adhesives
o (Barrier) Coatings
o Printing inks
• Co-ooperations
are
needed
to
establish
the
best
for your applications!

combinations
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BASF’S CHEMCYCLINGTM PROJECT:
From Plastic Waste to Virgin-Grade Products
Neumann, Paul
Market Development Europe Polyamides, BASF SE, Germany
paul.a.neumann@basf.com

INTRODUCTION
Plastics offer many benefits – in medicine, construction, mobility, packaging, and many other
applications. For instance, they help to increase energy efficiency and save resources. Plastic waste,
however, has become a global challenge. According to a study by the consulting firm Conversio,
around 250 million metric tons of plastic waste are globally generated per year. Only around 20
percent of this plastic is recycled, thus keeping the material in circulation [1]. Both, the market and
society are expecting constructive solutions from the industry. BASF is therefore working on
several solutions to accelerate the transition to a circular economy, including chemical recycling.
1

CHEMICAL RECYCLING IN A CIRCULAR ECONOMY FOR PLASTICS

1.1 Mechanical recycling
Mechanical recycling has already contributed significantly to the recycling of plastic waste. In
mechanical recycling, waste plastics are shredded and melted to make recyclate, which is then used
to make new products. However, there are limits to mechanical recycling. Through the mechanical
recycling process, plastics cannot be recycled indefinitely and often cannot be recycled back into
the same application. This is because impurities remain in the recycled plastics and the properties of
the plastics are changed during the use-phase and during reprocessing. This can be problematic, for
example, in food packaging. BASF is addressing these challenges by developing tailor-made
materials and processes for mechanical recycling solutions.
1.2 Chemical recycling as complementary solution to mechanical recycling
Nevertheless, chemical recycling is needed as additional approach to create a comprehensive
circular economy for plastics. Chemical recycling can cope with plastic waste streams that are not
recycled mechanically for technological, economic or ecological reasons. Therefore, chemical
recycling can contribute to higher recycling rates and less plastic waste being sent to incineration or
landfill. In chemical recycling, the long plastic polymer chains are broken down into their basic
building blocks by chemical reactions. A commonly used method in this regard is pyrolysis, in
which plastics are converted into pyrolysis oil in a temperature range between 300 and 700 degrees
Celsius and under the absence of oxygen. This secondary raw material can partially replace primary
fossil raw materials such as naphtha in chemical production. Pyrolysis is an extremely efficient
process. Round about 70% of the plastic waste can be converted into oil. Efficiency improvements
can be expected during the next 10 years. The part of the waste that cannot be turned into oil but is
pyrolyzed into gas is used to generate almost all the energy required for the process. The external
thermal energy demand is very low (<1%, e.g. for start-up processes) [2].
2

THE CHEMCYCLINGTM PROJECT

2.1 The project set-up
In the ChemCyclingTM project, BASF is working with partners to further develop the pyrolysis
technology. At BASF, we use the resulting pyrolysis oil as feedstock for our production network
(Verbund), thereby saving fossil resources. The share of recycled material is then allocated to

certain sales products manufactured in the Verbund by using a third-party audited mass balance
approach. These products have the same properties as those manufactured from fossil feedstock.
Customers can therefore further process them in the same way as conventionally manufactured
products and they are fit for even the most demanding applications, such as food and medical
packaging or safety-relevant automotive parts.
ChemCycling™ focuses on post-consumer plastic waste that is not recycled mechanically.
Examples are plastics with residues, mixed plastic waste fractions, consisting of different plastic
types, which will not be sorted further or used tires which are not recycled otherwise.
2.2 Food packaging made with Ultramid® Ccycled™
In the pilot phase of the ChemCyclingTM project (2018/2019), BASF presented first prototypes with
several European customers. Since 2020, first commercial products are on the market. For example,
a mozzarella packaging made with Ultramid® CcycledTM (Fig. 1) is available in German
supermarkets. To literally close the packaging loop, BASF is also working on demonstrating the
chemical recyclability of PA-containing end-of-life food packaging multilayer films.

Fig. 1: Mozzarella packaging made with Ultramid® CcycledTM
2.3 Life cycle assessment (LCA) for ChemCyclingTM
With chemical recycling, CO2 savings can be achieved. This is the result of a LCA conducted by a
third-party organization (Sphera) for BASF, which was reviewed by three independent experts [2].
The study concludes that pyrolysis of mixed plastic waste emits 50 percent less CO2 than its
incineration. The study also showed that manufacturing plastics with pyrolysis oil under a mass
balance approach cause significantly lower CO2 emissions than the production of conventional
plastics made from fossil naphtha. The lower emission result from avoiding the incineration of
mixed plastic waste by reusing it.
2.4 Remaining hurdles
On the one hand, the existing technologies for conversion of plastic waste into pyrolysis oil need to
be further developed and adapted to ensure a reliable high quality of the secondary raw materials.
On the other hand, legislation on EU and national level will create the framework for chemical
recycling and will therefore be decisive regarding the question whether the technology will become
established in the waste industry. Among others, it is necessary that products based on chemically
recycled feedstock are counted towards achieving recycled content targets; furthermore, the
acceptance of mass balance approaches to allocate recycled feedstock to final products is required.
REFERENCES
[1] Conversio, February 2020. Global Plastics Flow 2018
[2] BASF, September 2020. ChemCyclingTM: Environmental Evaluation by Life Cycle Assessment (LCA)
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BARRIER PAPER RECYCLABLE PACKAGING
Forming webs for tray lidding application in MAP and Vacuum Skin Packaging
Felice Ursino a, Marco Santagostinoa, Alberto Palaveria, Paolo Prandinia, Paola Cerria
a

Sacchital SPA, Italy
felice.ursino@sacchital.com

INTRODUCTION
The circular economy principles are more and more pushing the packaging industries in all its
branches to design for circularity and sustainability. Designing for circularity include the end of the
life of the final packaging and its possibility to be recycled giving a second life to the wasted goods
after its primary use is finished. Specifically, this research drove to the development of a forming
tray paper-based recyclable under the UNI 11743 containing 85+% of cellulose and suitable for
MAP and vacuum skin application.
1

OBJECTIVE

The objective of this innovation is to describe how a new system fully recyclable in the waste paper
stream can replace the multilayer of plastics by nature more difficult to be renewed in a second life.
1.1 Current systems
Today most of the sliced processed meat and cheese present in the supermarkets are packed either
in MAP or vacuum skin in multilayers formed plastic trays (either preformed or formed during
packaging) made of PET/PE/EVOH/PE or PP/PE/EVOH/PE. The top web follows in most cases
similar formulations of the bottom when we talk about MAP, or they are a mix of
polyolefins/EVOH when using vacuum skin application. These systems are currently judged
difficult to be recycled in the plastic streams due to the fact they are composed by many materials in
most of the cases impossible to be separated and repelletised for a second life.
1.2 Recyclable System proposed
Working with papermills and applying on certain papers produced with cross entangled fibres the
extrusion coating technology it was achieved the production of a composite made of Paper and
monopolymer PE based (either with high barrier coating or containing EVOH below 5%) capable to
be recycled in the waste stream of the paper because of its content of cellulose fibres above 85%
certified by the norm UNI 11743. The remaining plastic can be fully reintroduced in the stream of
Polyolefins since it is based on monomaterial LLDPE. The top web can still be considered either as
a multimaterial as mention above or even better as a monopolymer PE to be capable to provide a
second life to it too after separation from the paper recyclable tray and “obvious” removal of the
food content for human consumption.
The material can be easily formed by applying similar settings as for the plastics system either on
the packaging machines like ULMA, Multivac, Mondini, etc…or on the industrial thermoformers
for trays where specific moulds can be used to achieve the proper ribbing structure to provide the
right rigidity.
1.3 Extra properties
The current multi-layered plastic trays system has “just” the capability to provide barrier to gases
capable to maintain proper organoleptic and microbiology properties of the processed meat and
cheese for their entire shelf life but nothing more than that. The paper recyclable forming web
instead have, on top of the above properties, also 2 surfaces (inner and outer) that can be registered
printed providing much more information to the consumer as well as conveying any other
“message” the brand owner would like to communicate. It means increasing the communication

surface by more than 100% also reducing the weight of plastic by more than 70% than current
systems. The little amount of plastic still present can also be recycled.
2

STRUCTURE & PHISICAL PROPERTIES:

Formable paper
Extrusion coated LDPE
PE/EVOH/PE film

Formable paper
Extrusion coated LDPE
Barrier Coated LLDPE

PROPERTY

MEASUREMENT METHOD

Proprietà

Metodo di misura

UNIT

VALUE

g/sqm

350

ASTM F904

N/15 mm

>2

TENSILE STRENGTH

ISO1924-3

kN/m

MD: 18 TD: 12

STRECH

ISO1924-4

%

MD:16 TD: 12

ASTM F88

N/15 mm

<5

ASTM D 1894

-

0.35 ± 0.10

SEALING RANGE

Internal method
metodo interno

°C

110 - 150

OXYGEN BARRIER (OTR)

ASTM D 3985
(23°C – 0%rh)

cm3/m2 24h atm

< 1.0

WATER VAPOR BARRIER (WVTR)

ASTM F 1249
(38°C – 90%rh)

g/m2 24h

< 20

GRAMMAGE

LAMINATE BOND STRENGTH

SEALING STRENGTH
C.O.F DYNAMIC
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INTRODUCTION
Sustainability is a topic of global importance: people’s awareness is growing and both legislators and
industry are moving to products and processes with lower environmental impact. Nevertheless, as for
Food Contact Materials, low impact alternatives must guarantee safety and compliance with FCM
regulations. We often assist to a swift towards natural or apparently natural materials, presented as an
alternative to fossil-derived ones, whose safety in contact with food must not be taken for granted,
but proven with sound scientific considerations.

GENERAL
Natural materials are generally considered safe and sustainable, as they are present in our ecosystem.
This concept is also present in some official documents regarding both sustainability and Food
Contact Materials safety. In the recent SUP Directive, Dir. (EU) no. 2019/904 on the reduction of the
impact of certain plastic products on the environment, unmodified natural polymers, within the
meaning of the definition of “not chemically modified substances”, are not considered as covered by
the Directive and thus by subsequent limitations, as they occur naturally in the environment.
Another example could be taken from Food Contact Materials sector: untreated wood flour and fibres
(FCM No. 96) are currently authorised to be used as additives in the manufacture of plastic Food
Contact Materials and are listed in Annex I of Regulation (EU) no. 10/2011.
The aim of this work is to prove –with bibliography and experimental support– that safety and
sustainability of natural products has to be proven case-by-case, starting from a precise definition of
“natural”.

1 “NATURAL” IN THE SUSTAINABILITY CONTEXT
One of the categories of products that more and more present on the market, considered as possible
sustainable alternative to single use plastic, are compostable items.
Compostability must be proven to communicate with consumers correctly and to convey suitable
products to differential collection of waste, and thus to composting plant. The standard EN
13432:2002 is the reference rule for industrial compostability and includes four steps that are
consequential and all must be valid simultaneously.
Compostable materials must not contain hazardous substances, disintegrate and biodegrade in a fixed
time and the final compost must not have toxic effects on cultivations.
It happens that natural materials, although not modified, are not compostable because they do not
pass one of the steps: for example, it cannot be excluded that they are contaminated by heavy metals
(failing step 1) or they can be too thick, and do not disintegrate in the scheduled time (failing step 3).

2 “NATURAL” IN FOOD CONTACT CONTEXT
2.1 Literature: wood flour and fibres
The first example refers to the recent EFSA opinion on wood flour and fibres, untreated, for use in
food contact materials. They are additives admitted for use in plastic FCM based on the assumption

of inertness, but EFSA found that no toxicological evaluation underlying the inclusion of this entry
in the positive list was available. In a literature search, general information on the chemical
composition of wood was retrieved showing that wood may contain toxic components and
contaminants. The information on migration of substances from wood was found to be limited to its
use in the production of wine. Data on migration of substances resulting from the use of wood (flour,
fibres) as a plastic additive were not available.
The second example is about FCM in bamboo: the most diffused ones are made with bamboo fibres
mixed with plastic, often found as kitchenware or tableware. Here the problem is the perception
consumers have of them: they are labelled and marketed as ‘biodegradable’, ‘eco-friendly’, ‘organic’
or ‘natural’ or even in some cases ‘100% bamboo’, which does not reflect the true nature of the
product.
A note about the discussion made by the Expert Working Group on Food Contact Materials on this
topic underlines the safety risks: actually, Recommendation (EU) no. 2019/794 requires Member
States to monitor the presence of dangerous contaminants in many packaging and kitchenware,
including those made of bamboo.

2.2 Case study: dried beans in wood packaging
Our laboratory performed a study consequent to a complaint for anomalous odour in a sample of dried
beans packed in wood. In the volatile fraction analysed by SPME-GC/MS, naphthalene,
dichlorotoluenes, trichlorotoluenes and dichloroanisoles were detected, that are not present in
samples of regular dried beans used as reference. The presence of such compounds can justify the
perception of anomalous odour in the sample. The analyses highlighted that off-flavours could be
attributed to the transfer from the wood of the container.
These alterations on food, if caused by packaging in contact with it, make the packaging not compliant
with framework Regulation (EC) no. 1935/2004.

2.3 Case-by-case approach: untargeted analysis
Different case studies show very different scenarios: natural untreated materials are sometimes
suitable for food contact, sometimes they are not; in some cases, despite of the claim, they are not
natural.
No material can be considered inert per se and the safety of migrants from these materials must be
evaluated on a case-by-case basis, considering origin, processing and assessment of constituents
migrating into food. This approach can be realized thanks to the application of untargeted studies to
see whether undesired dangerous molecules are present in the material, originally or generated during
the manufacturing process. In Food Contact Materials, not only IAS (Intentionally Added Substances)
shall be considered, but also NIAS (Non-Intentionally Added Substances) since they are often not
predictable and unknown. In the future revision of EU legislation on FCM, it is expected to expressly
introduce NIAS risk assessment.
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INTRODUCTION AND AIM
Every year, over one third of all fresh fruits and vegetables are lost before they reach the
consumers1. Fruit ripening is one of the main factors involved in this food spillage, being
accelerated by ethylene production by the fruit itself2, creating the need for safe ethylene removal
approaches.
Some of the most studied ethylene scavengers for food packaging contain potassium permanganate3
or heavy metals (palladium)4 that, due to their toxicity, cannot be in direct contact with foods and
pose a real safety challenge when disposed. In addition, the European Union is leading towards
biodegradable or bio-based packaging over traditional ones, in order to overcome the rising
environmental concerns caused by plastic materials. Thus, new biodegradable materials and new
scavengers of ethylene are needed. Cyclodextrin nanosponges (CD-NS) are novel and innovative
cross-linked cyclodextrin polymers virtually nontoxic, with much higher pH and temperature
stability5,6 when compared with their monomer counterparts. These properties together with their
scavenging potential7 make these polymers more attractive to be used in food packaging, although
their application in the field is not exploited yet.
The present study aims to develop new active packaging for fruit that can tackle both fruit waste
and food safety of new bio-based packaging by incorporating cyclodextrin nanosponges as ethylene
removal approach into a compostable packaging material. The resulting material will be safe for
consumers and will extend the shelf life of packaged fruit.
MATERIALS AND METHODS
A solvent-free α-CD-NS synthesis was applied from a-cyclodextrin and carbonyldiimidazole at a
1:4 (CD:CDI) molar ratio on a PM 100 planetary ball mill, following the synthesis parameters used
by Pedrazzo et al.8 and characterized using Fourier-transform infrared spectroscopy (FTIR). To
fully extract the potentially toxic unreacted imidazolyl carbonyl groups, CD-NS were washed with
water using different temperatures (40 and 70 ºC) and agitation speeds (600 and 1000 rpm), as well
as using ultrasonic extraction. Extraction efficiency was monitored by targeting imidazole using
liquid chromatography coupled to a diode array detector (HPLC-DAD).
Ethylene gas (99,95% pure) as well as ethylene standards in air (10 ppm) were used to perform
ethylene absorption experiments. For this purpose, ethylene was diluted using an air-tight syringe
and septum sealed jars to achieve different concentrations. CD-NS, Zeolite and bentonite powders
were exposed to this ethylene concentration for three days. Ethylene concentration was determined
using gas chromatography (GC) coupled to a flame ionization detector (FID).
Migration studies on a series of different biopolymer films provided by NUREL S.A (Zaragoza,
Spain) were performed according to EU regulation 10/2011. Three food simulants [acetic acid 3%
(v/v), ethanol 10% (v/v) and Tenax®] were tested against the materials at 40 ºC for 10 days.

Migration of volatile and non-volatile substances into the food simulants was then analysed by
liquid chromatography coupled to high resolution mass spectrometry (UPLC-QTOF) and solid
phase micro-extraction gas chromatography coupled to mass spectrometry (SPME-GC-MS).
RESULTS AND DISCUSSION
CD-NS were successfully synthesized and characterized using FTIR giving a high yield (99%) as
previously reported8. Purification experiments suggest that all theoretical imidazolyl carbonyl
groups are extracted after 8 hours of extraction with water, with no significant differences between
agitation and ultrasonic extraction. The HPLC-DAD analytical method for imidazole concentration
was validated and the results confirmed by nitrogen elemental analysis, where the results obtained
showed nitrogen contents close to the limit of detection of the method. Ethylene absorption
experiments showed that CD-NS have a similar efficiency as zeolites, being able to scavenge up to
40% of ethylene present inside the vials after two days. No significant change was observed
between day 2 and 3, suggesting that an equilibrium is reached after 48 hours. After demonstrating
their potential for ethylene removal, these compounds were included by extrusion in biopolymer
films manufactured by NUREL S.A. Migration studies revealed a high migration of non-volatile
polyester oligomers, making these films potentially unsafe as food contact materials.
CONCLUSIONS
Due to their biological origin, biodegradability, stability, and non-toxicity CD-NS can be
considered an ideal candidate to be incorporated into novel packaging films aimed for ethylene
removal, as they have demonstrated their ability to scavenge this gas. However, the biopolymer
films evaluated in this study did not comply with food safety requirements and their manufacture
should be further modified in order to increase their safety. Overall, the in vitro results showed that
CD-NS can effectively be used to develop an ethylene removal active packaging for fruits.
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INTRODUCTION
Contamination of surfaces by saliva droplets of people infected with viruses raises concerns
into everyday life and recently became, due to spreading of COVID-19 due to SARS-CoV-2, a
crucial issue to establish suitable measures to safeguard human health. Enveloped and nonenveloped viruses are known to survive inside expectorated respiratory droplets deposited on
surfaces [1,2]. Ambient humidity has been proven to affect the viability of enveloped viruses in
airborne [1] and deposited droplets [2-4]. The recent literature suggests that the survival of an
encapsulated enveloped virus in a droplet is related to the toxic effect of dissolved salt and to the
complex interplay with the relative humidity (RH) of the surrounding environment.
In this study, we model the evaporation of a sessile droplet of saline (a salt, NaCl) considered
to be representative of the actual situation encountered in a saliva droplet, given that its evaporation
rate is comparable to those of natural saliva. Although rather simplified as compared to the real
situation, this approach is sufficient to predict the U-shaped dependence of viability on RH.
1

MODELING AND RESULTS

The mathematical model considers a spherical cap droplet encapsulating a model virus,
analysing the dependence on RH and on the material surface characteristics (through the contact
angle  ) of the virus viability. In the case of a water droplet containing a non-volatile solute (e.g.,
salt, proteins and like) the mass rate of evaporation, m , under the hypothesis of pinned dropsurface contact line, depends on temperature, RH and contact angle  and is well-approximated by
the following equation [5]:
0, sol
0
m(t )   RDwater [ vap
(t ) − RH vap
]  [0.27  2 (t ) + 1.30]

(1)

with R is the pinned contact radius, Dwater and
are respectively the diffusivity coefficient and
the saturated vapour concentration (whose value is not constant but is determined by the solute
concentration in a way that can be calculated once a proper expression for activity coefficient of
water within the droplet solution is available) and  is the contact angle. Notably, eq. (1) holds for
0
0    90 . value of vap
. In eq. (1) the contact angle at time = 0,  EQ , depends upon the surface
properties of the substrate, i.e., upon its chemical nature and its roughness as evaluated on different
scales. Starting from eq. (1) and using other relationships among geometrical properties of the
droplet, one can compute the time evolution of the salt concentration inside the droplet, Csalt , the
0,sol
vapour pressure of the aqueous solution, Pvap
, the evolution of contact angle,  , and the droplet

volume, V. The results of these calculations can be exploited to assess the viability of the virus
present in a sessile droplet if we introduce a suitable measure of vitality of the virus related to a
quantity representative of the harmful ‘cumulative’ exposure of the virus present within droplet to
the salt dissolved in the liquid phase. This, is the time-dependent quantity named ‘Cumulative

Dose’ [4], CD, which measures the accumulation of damage to the structure of the virus expressed
as:


CD =  Csalt (t )dt
0

(2)

in which and the upper limit of integration,  , represents the generic time at which CD is evaluated.
A threshold value of CD, say CD*, is then introduced as the critical value above which the virus is
inactivated. Simulations based on this model have been carried out, at 25°C, for three different
values of RH (i.e. 40%, 80% and 100%), four different values of  EQ , (  /18,  / 6,  / 3,  / 2 ) –to
simulate different substrate materials– and two different values of the initial volume of the droplet,
assuming an initial concentration of salt within the droplet equal to 10 kg/m3. Some of the results of
model calculations are reported in Figure 1.

Fig. 1. (A). Results of model calculations of the evaporation process of a sessile drop of aqueous solution in terms of
relative viability of the virus as a function of the time and the RH, for a starting volume of the drop equal to 1
l and EQ = /18. (B). Time evolution of the logarithm of the relative viability at RH=80%, compared to
survival measurements of two surrogates of SARS-CoV. (C) Evolution of relative viability as a function of the
RH. In the inset the comparison of the theoretical outcomes with experimental data for the Phi6 model virus.

2

SUMMARY AND ACKNOWLEDGMENT

The main conclusion is that the predicted viability of the virus, displays a non-monotonic
dependence on RH, with a minimum value occurring at intermediate values of RH. Modelling
results also suggest that virus survival increases with the contact angle of the surface on which the
drop is deposited. The proposed method could have important practical implications for the
prediction of survival time of viruses, including SARS-CoV-2 responsible for COVID-19, as well
as for ad hoc designing engineered material surfaces in synergy with controlled thermo-hygrometric
parameters for creating adverse environmental conditions for viruses spreading and viability.
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INTRODUCTION
Nylon is the name of a synthetic polymers family that was developed as a synthetic substitute for silk
and cotton, used when high mechanical strength, flexibility, good stability under heat or chemical
treatments are required. Consequently, it is used in fibres for textiles but also in films for vacuum
food packaging for oven, microwave or sous-vide allowing food to be packed, shipped, sold and
cooked in the same packaging [1]. The nylon film manufacturing process starts with melting down
small nylon fibres, until they become molten and flattenable [2]. Due to the presence of small nylon
fibres, obtained by cutting longer nylon fibres loaded onto bobbins, a dust explosion may occur. Fibre
explosibility has been investigated occasionally over the years and, consequently, there is a very low
level of awareness of the risk of explosions due to these non-traditional dusts. Several authors
highlighted how the likelihood as well as the severity of explosion increases as the particle size
decreases ([3]–[7]). This work aims at fully characterising the flammability and explosive behaviour
of nylon fibres, that differs for size, by coupling the ignition susceptibility analysis by means of the
minimum ignition energy MIE measurement and the chemico-physical characterization of the
materials by means of different techniques such as TGA/DSC, FTIR, XRD.
1. MATERIALS AND METHODS
Five nylon 6.6 samples with different properties summarised in Table 1 were investigated. The
minimum ignition energy (MIE) was measured in the MIKE 3 apparatus following the standard
procedure [8]. To determine the crystallographic structure, XRD analysis was carried out through
XRD diffractometer PANalytical X’Pert Pro using CuKα radiation (1.5406 Å). To assess the thermal
behaviour of the sample, thermogravimetric analyses and differential scanning calorimetry were
carried out with TGA/DSC TA instrument Q600SDT. 5 mg sample were loaded into an alumina pan
and tested with a ramp 10 °C/min up to 1000 °C in airflow. The produced gases from samples
degradation were analysed by FTIR gas was carried out through TGA/FTIR interface linked by
transfer line to TGA furnace. The cell and transfer line of the TGA/FTIR interface are heated and
kept at 220 °C in order to prevent gas condensation. The output of this analysis is a Gram-Schmidt
diagram.
2.

RESULTS

S5 shows the smallest MIE value (228 mJ) followed by S1 (471 mJ). They are the only ones to have
ignition during the test probably due to their lowest dimensions. As can be seen in Fig. 1a, DSC
curves show a first endothermic peak due to a crystalline melting of the material. Then, there are two
exothermic peaks easily visible in S5 curve but less marked in the other curves. Particular attention
has been given to assessing what happens during the first exothermic peak (FEP). By analysing both

the FEP solid residue and the produced gases through FTIR analysis, results showed that for S1-4,
the residue had a very resistant shell with a central core of nylon 6.6 while S5 completely degraded
to char, with the generation, at low temperature, of a large amount of flammable gases (such as CO,
methyl isocyanate, cyclopentanone). XRD patterns of samples are reported in Fig. 1b. The samples
show a similar diffraction pattern of a predominant amorphous material with some crystallinity
amount. Since the peaks intensity is linked to crystalline degree, the higher the intensity of the peak, the
higher the crystalline degree. Consequently, S5 have the lowest crystalline degree. Notably, amorphous
materials have an oxygen diffusion coefficient much higher than crystalline materials [9]. The improved
oxygen diffusion in amorphous materials can facilitate ignition and could explain lower MIE values as
well as the higher reactivity at low temperature for S5.
Table 1.
Samples
S1
S2
S3
S4
S5

Samples properties

Average length [m] Diameter [m]
393
20
520
20
540
30
933
30
319
10

a)

b)

Fig. 1. a) DSC curves; b) XRD patterns
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INTRODUCTION
Full Regulation (EC) No 1935/2004 has standardized at the European community level the
principles concerning Food Contact Materials. This is necessary for safety because these materials
can release chemical substances into food. In this regard, the overall migration of the released
substances is a key parameter with a limit value of 10 mg/dm2 or 60 mg/kg of food product. In this
framework, specific properties required by packaging materials (e.g. gas barrier properties,
chemical resistance, mechanical strength, etc.) are better in traditional fossil-synthetic polymers
compared to the bio-based ones [1]. Therefore, active packaging, that can interact with food, is a hot
topic of research to increase the properties of such polymers [2]. However, despite the already
existing research and regulations about active packaging, more information is needed. This study is
aimed to assess the activity of three PLA/PHB films (N-0, N-2 and N-4b) developed in the
framework of the European project Newpack. N-2 and N-4b present an increasing amount of
encapsulated natural extracts, while N-0 is just a blend of PLA and PHB. Each film was evaluated
for the overall migration, weight loss, pH and Aw, color analysis, and lipidic oxidation.
1

MATERIALS AND METHODS

1.1 Overall migration and selection of food simulants
To assess the food contact compatibility of the Newpack films, the overall migration was evaluated
for some simulants indicated in European Regulation No 10/2011. In particular, the test for
simulants A and B was conducted following the EN 1186-7 regulation, while for simulant D2
according to EN 1186-6.
1.2 Application of Newpack films on fresh pork burgers
Newpack films were tested in contact with fresh pork burgers. Specifically, 8 cm diameter discs
were cut from the different films and compared with a commercial disc (cellulose-based), normally
used in contact with fresh pork burgers, and a control sample without film. Each sample was
evaluated for weight loss, pH and Aw, color analysis, lipidic oxidation [3].
2

RESULTS AND DISCUSSIONS

2.1 Overall migration test
All the tested films show overall migration values considerably lower than the legislative limit of 10
mg/dm2, making them suitable for the food contact (Table 1).
2.2 Application of Newpack films on fresh pork burger
The results of the analysis of Newpack films application on fresh pork burgers are presented in Fig.
1 and some brief comments are reported below:
− Weight loss: increasing trend in all samples. Newpack films have shown a lower weight loss
probably due to PHB, which has higher water vapor barrier properties [4].
− pH and water activity (Aw): slight increase over time. Newpack films values are lower than
control and commercial samples.

− Colour analysis: After 14 days, this analysis has shown that, in the case of Newpack films
application, the meat retained a brighter red color and consequently slower deterioration.
− Lipidic oxidation: The burgers in contact with the N-2 and N-4b film had the lowest mean
values of mg MDA/kg, reflecting in an oxidation reduction and so in a potential extension of
shelf-life.
Table 1. Overall migration values obtained for Newpack films
EtOH 10% v/v (A)
FILM
Newpack-0
Newpack-2
Newpack-4b

M (mg/dm2) ± St.
Dev.
1.07 ± 0.20
1.00 ± 0.13
1.65 ± 0.24

AC. ACET 3% w/v
(B)
M (mg/dm2) ± St.
Dev.
1.14 ± 0.32
0.56 ± 0.21
2.10 ± 0.36

Olive OIL
(D2/4)
M (mg/dm2) ± St.
Dev.
1.50 ± 0.28
1.86 ± 0.28
1.15 ± 0.23

Olive OIL
(D2/3)
M (mg/dm2) ± St.
Dev.
2.00 ± 0.37
2.48 ± 0.37
1.53 ± 0.31

Fig. 1. Weight loss, pH, aW and lipidic oxidation of fresh pork burgers packed in contact with different films

3

CONCLUSIONS AND ACKNOWLEDGMENT

All the tested samples are in line with the legislative limit of overall migration and so are suitable
for food contact. Newpack films, compared to the control and commercial samples, resulted in a
lower percentage weight loss of the burgers and in a reduction of lipid oxidation. An optimization
of film formulation may help in further improving the activity of the film. This research was
financed by Bio-Based Industries Joint Undertaking under the European Union's Horizon 2020
Research and Innovation programme (NewPack project - grant agreement No 792261)
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1 INTRODUCTION
Sustainable packaging starts with sustainable design, which must envision not only the fact that the
combination of elements of the end packaging make it ready for recycling, but also the packaging end of
life in terms of the infrastructure in place that will enable it to be recycled. Responding to escalating
sustainability demands in the packaging industry, BOBST has undertaken a design and testing project to
create an industrially viable sustainable mono-material substrate for packaging designers.
With the oneBARRIER project, BOBST has created an EVOH and topcoat-free polyethylene based
transparent solution with high barrier performance. The result of the in-depth study is a high barrier
MDOPE based structure, composed of several functional layers, created to perform at the same level
– or greater – than incumbent structures.
2 MATERIALS AND METHODS
2.1 The role of oneBarrier
The global market trends for sustainable packaging typically prioritise lightweight, mono-material,
recyclable polyolefins, switching away from more traditional multi-material designs. This is known as
delayering. Currently, the vast majority of flexible plastic packaging is not suitable for single stream
recycling infrastructure, particularly in areas or regions where recovery streams are self-held, fractured
and disconnected.
BOBST oneBARRIER is a Polyethylene (PE) high barrier substrate designed to maximise the amount of
PE in the packaging structure to increase recyclability post use and provide economical high barrier
packaging performance. The new technology provides a fully optimized metal oxide receptive layer via a
wet dispersion coating, where typically thinner layers can be achieved compared to co-extrusion
production methods.
In developing brand new sustainable packaging technology with partners Dow Chemical, Sun Chemical
and Zermatt, BOBST is using its expertise in packaging production techniques to build a fundamentally
more robust and circular economy in packaging, ultimately helping to protect the earth’s natural resources.
3 RESULTS AND DISCUSSION
3.1 Primer coating phase
The surface energy of the base film is improved with the use of a corona treater, which allows adjustment
of input power for the optimized dosage necessary. This is conducted to increase the film surface polarity
and achieve good adhesion levels.
The substrate is then passed through a coating unit, with a typical primer thickness below 1 micron. To
coat with such thin films and with such low-viscosity coatings, the gravure coating method was selected
for this application.
The coated film then enters a hybrid technology drying tunnel: the most delicate part of the process. The
BOBST VISION D 850 laminator is used for its optimized two-sided air flow system, to ensure faster
evaporation of water, while maintaining low film temperature, to avoid film extension and negate PE’s
tendency to stretch when heated.

3.2 Primer testing process
Stage One - Identify the right coating application method. The coated film needs to be uniform in thickness
along the width and must not have any visible coating-related defects.
The process is initiated with forward gravure; reverse gravure is kept as an option if the results are not
satisfactory. Then, if the reverse coating is preferred, the reverse speed is selected, and the final decision
is whether a smoothing bar is required.
Stage Two – This consists of two phases. Phase 1 requires reproducing the lab scale results on an industrial
coating machine while working at an appreciable speed of 100 m/min. Phase 2 maximises the productivity
level of the coater and matches it with that of the metallizer. Generally, metallizers operate at 600-700
m/min but, as this is a batch process, the same throughput can be achieved at the coater while running at
300 m/min.
Stage Three – Testing continues to identify the ideal corona dosage. This optimization improves the
polarity of the film and develops a good adhesion level between coating and MDO PE film. Heat input
from the dryer is considered. The VISION 850 D laminator has 3 dryer sections which means that the
temperature can be profiled differently in each of the three sections to match the various evaporation
regimes required, while avoiding over-heating of the substrate.
The samples produced in phase 1 of the industry trial are then taken to the laboratory and checked for
coating weight, optical defects, and adhesion, tested by a combination of traditional scotch tape testing
and an FTIR spectrometer.
Stage Four – Next is the production of 3 x 5’000 m reels. Two are coated on standard MDO PE resin films
and the third is coated on an optimized MDO PE resin for improved adhesion. Reels produced at this
phase are then sent to the BOBST Vacuum team for metallization and subsequent oxygen and water
barrier measurement.
Stage Five - When the required barrier levels are achieved, the industrial trial is then moved to its second
phase, which reduces the coating weight and increases the speed.
Stage Six - The final phase repeats the same industrial testing procedure as mentioned in Stage Two, at
higher process speeds but also with thinner coating weights
3.3 Results
The base MDO PE film starts with an oxygen transmission rate (OTR) of 4000 to 4200 cm 3/m2/day, and
a water vapour transmission rate (WVTR) of 4.5 to 7.5 g/m 2/day. With the primer selected, OTR was
improved to 11-12 cm3/m2/day.
With BOBST AlOx GEN II, OTR is further enhanced to around 0.4 cm3/m2/day and WVTR to 2.2
g/m2/day. Finally, with the aid of the barrier adhesive, an OTR of 0.1 to 0.2 cm3/m2/day and WVTR of
less than 0.5 g/m2/day is achieved. The laminate bond strength of this duplex laminate has also been
assessed, averaging 3.4 N/15mm.
In summary, we can conclude that with the transparent oneBARRIER EVOH-free PE structure, BOBST
has obtained a barrier performance equivalent to metallised polyester film, with a barrier target of less
than 1 cm3/m2/day and less than 1 g/m2/day. The project study also satisfies the market requirement of a
minimum of 2-3 N/15 mm with the laminate bond strength.
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Increased public awareness of the environmental challenges related to conventional
plastic materials has triggered the development of biobased and biodegradable food
packaging materials. As with any other food contact material, biodegradable materials
are expected to not only protect food and maintain food quality, but they also have to be
evaluated for food contact compliance. It is important to ensure that compounds from the
packaging material that might be transferred to the food do not pose a risk to the
consumer’s health. Therefore, migration studies must be undertaken to evaluate the
compliance of the material with legislation. Non-intentionally added substances (NIAS)
in food contact materials can pose major issues for food packaging manufacturers. NIAS
could be produced by degradation, reaction between substances in the packaging, reaction
between substances from the polymer and substances contained in food or it could be by
products of the polymerization. For example, during polymerization, oligomers may be
formed as side-reaction products.
In this work, the detection and elucidation of oligomers migrating to tea from a multilayer
material containing a biodegradable polymer, biodegradable adhesive and paper, was
performed. Headspace solid phase microextraction coupled to gas chromatography mass
spectrometry (HS-GC-MS) method was optimized to analyse the migration of volatile
compounds. One volatile cyclic oligomer, AA-1,4-BD*, was identified in the tea solution.

The technique ultra-high-pressure-liquid chromatography coupled to ion mobilityquadrupole time of flight (UPLC-IMS-QTOF) analyser was used for the elucidation of
the non- volatile NIAS that migrated from the disposable cups to hot and cold tea. An
orthogonal projection to latent structures – discriminant analysis was carried out to
compare the tea migration solution against untreated tea. Seven migrants were identified
in tea, five of them were oligomers. The compounds identified were benzisothiazolone,
tributyl phosphate and the cyclic oligomers 1,4-BD-AA-1,4-BD-AA; NPG-AA-1,6-HDAA; NPG-AA-NPG-AA; 1,4-BD-AA-1,4-BD-AA-1,4-BD-AA and 1,6-HD-AA-1,6HD-AA*.
The migration values of benzisothiazolone and tributyl phosphate were below their
specific migration limit (SML). Nevertheless, the migration of cyclic oligomers 1,4-BDAA-1,4-BD-AA, NPG-AA-1,6-HD-AA, NPG-AA-NPG-AA, 1,4-BD-AA-1,4-BD-AA1,4-BD-AA and 1,6-HD-AA-1,6-HD-AA to hot tea, ranged from 2.56 to 4.60 mg/kg
exceeding the SML established for Cramer class I compounds of 1.8 mg/kg. The
migration of these compounds to cold tea was more than one order of magnitude lower
than that for hot tea, with values ranging from 0.18 to 0.56 mg/kg, all below SML. As
such, this work demonstrates that the biodegradable multilayer material is more suitable
for cold tea and highlights the importance of the detection and identification of NIAS.

* NPG: neopentyl glycol, AA: adipic acid, 1,6-HD: 1,6-hexanediol 1,4-BD: 1,4butanediol
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INTRODUCTION
Organic coatings have been applied to the inside surfaces of cans intended to come into contact with food
and beverages when there is a risk that the product and the packaging may interact, reducing the shelf life
or the quality of the product. In general, polymeric coatings are complex formulations that may contain
different components such as resins, cross-linking agents, catalysts, wetting agents, lubricants, and
solvents, among others.
The most widely used type of polymeric coating are epoxy, which are thermosetting resins that contain
two or more epoxide groups per molecule. Epoxy resins are obtained by the condensation of
epichlorohydrin and bisphenol A (BPA), which yields bisphenol A diglycidyl ethers (BADGEs).
The resulting finished material may have starting substances such as monomers and additives, and also
non-intentionally added substances (NIAS) such as reaction or degradation products formed during the
manufacturing process that can potentially migrate from the food contact material (FCM) into the food.
Due to the unknown nature of most NIAS, most of them are not toxicologically evaluated to-date.
Identifications of some of these substances have been reported in several types of can coatings as well as
in the migration into food simulants [1-3]. However, there is not available literature about the
determination of these chemical compounds in food matrix due to the lack of commercially available
standards, the absence of toxicity data to-date, and no such threshold exists in current European Union
regulation.
1 MATERIAL AND METHODS
In the present study, a total of forty-eight canned food samples of different brands included in the fish and
vegetable categories were selected. In a first step, the type of coating of the internal surface was evaluated
using an infrared spectrometer with attenuated total reflectance (FTIR-ATR).
In the second part of the work, extracts of the canned samples were obtained in order to tentatively identify
potential BADGE derivatives using a non-targeted screening by LC-MS/MS in positive and negative
electrospray ionization (ESI) mode. The separation of the analytes was achieved on a X-Terra C18 (150
mm x 3 mm x 3.5 μm) column and using a gradient of water containing 0.1% (v/v) acetic acid and
acetonitrile, and a constant flow of 400 μL/min. MS data were acquired in full scan mode in the range 400
to 1000 m/z.
2 RESULTS AND DISCUSSION
Most of the coatings in the can bodies resulted to be polyesters, followed by epoxy resins.

Regarding to the non-targeted screening in the food extracts, a total of 18 BADGE derivatives could be
tentatively identified comparing their characteristic m/z with a homemade database developed taking into
account possible starting substances used in epoxy resins. For most of the compounds, the adducts with
ammonium and sodium could be detected. The BADGE derivative with the highest frequency was
BADGE.H2O.BuEtOH, which was present in sixteen samples; followed by BADGE.BuOH,
BADGE.MeEtOH and BADGE.H2O.BPA.
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1

INTRODUCTION

European Directives about Recyclability Targets have brought up the need for sustainable solutions
within food flexible packaging providing same outstanding barrier as currently used polymers which
are indeed hard to recycle [4].
In this regards Polyvinylidene chloride (PVdC) has played a key role as barrier coating layer in food
flexible packaging for decades due to its outstanding O2 and aroma barrier property ensuring longer
shelf life and avoiding food waste [11]. PVdC proved to have a detrimental effect on the recycled
quality due to its thermal degradation below the temperatures required to melt the mainstream
polymer [2].
The increasing environmental concerns urged packaging producers, retailers and brand owners to
search for viable alternatives.
It is widely recognised that there are several technical difficulties in addressing this challenge and
depending on the application, materials such as EVOH, SiOx and AlOx coatings have been evaluated
for their suitability in replacing PVDC according to both technical and recyclability requirements.
However, several drawbacks arose mainly related to poor humidity resistance for EVOH and very
high not cost effective prices for AlOx and SiOx [10].
The purpose of our study is the fine-tuning of a water based coating formulation able to offer same
technical performance as PVdC, mainly Oxygen barrier and sealability together with a better
recyclability. This study has been performed within the framework of EU funded projects by ministry
of economic development (HORIZON 2020 – PON 2014/2020).
2

EXPERIMENTAL

2.1
Industrial scale Testing
Tests have been performed in our industrial coating line applying water-based coating formulation
on a primered and treated 25m BOPP.
Targeted technical parameters are reported in Table 1 below.
Table 1
Targeted technical properties of PVdC Free Coated Films

(*)

Sealing threshold* [°C]
Coefficient of Friction* (dynamic)

90
0,25

OPMA TC4b
ASTM D1894

OTR [cm³/(m² d atm)]

5

ASTM D3985 23°C-0% R.H.

WVTR [g/(m² d)]

3

ASTM F1249 37.8°C-90% R.H

Coated side VS Coated side

2.2
Test Results
Sealing and Optical properties of the produced Films, hereinafter named X - PVdC Free grades,
closely matched targeted values.
Oxygen and Moisture barrier as well met desired levels as showed respectively in Figure 1 and Figure
2 below, enabling a gain in terms of narrower data distribution and mean value (centred around 3-3,5
both for OTR and WVTR compared to Std PVdC coated permeabilities values between 13-20 for
OTR and 3,8-4,1 for WVTR).

X PVdC Free coated samples have been sent to The Institute Cyclos-HTP (Aachen, Germany) for a
lab-scale assessment of recyclability and recycling compatibility of packaging material and
copolymer coating.
With reference to mix polyolefins industrial recycling facilities X PVdC Free Range resulted in 93%
Recyclability rate compared to 43% of PVdC coated [1].
Figure 1
OTR Data Distribution X Range VS std PVdC Coated

3

Figure 2
WVTR Data Distribution X Range VS std PVdC Coated

CONCLUSIONS AND NEXT STEPS

The study results confirm that X - PVdC Free grades is a promising alternative to PVdC coated films
offering even better barrier performance and recyclability rate. It could be identified as a valid
alternative to currently investigated technology thanks to its improved Humidity Resistance and cost
effectiveness. As a next step to broaden the range of potential applications, beyond already
successfully tested Pasteurization and Hot-filling, further investigations will be carried out to evaluate
suitability for high demanding Retort processes.
4
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ABSTRACT
Flexible packaging is widely used as food contact material (FCM) due to the ability to protect and
preserve organoleptic characteristics of the packed food during its shelf-life. Converters to realize a
final packaging structure can use several different raw materials and current Supply Chain
relationships moved to a Global scenario with difference also in the regulatory patterns.
European regulatory scheme with general and specific measures valid for some materials, e.g.
plastics, jeopardized referenced raw materials for FCM in harmonised and non-harmonised. In
addition, some essential converting auxiliaries such as inks, adhesives or coatings may be
considered out of the scope of plastic implementation measures (PIM), however to be considered a
valid reference for risk assessment, and other regulatory texts, e.g. Swiss ordinance, are really
useful in supporting compliance.
Giflex Technical Committee started a study to characterize flexible packaging potential migrants
developing a proper screening analytical method with the aim to detect volatile, semi-volatile and
non-volatile substances, with enhanced sensitivity and taking into consideration phenomenon of
migration and set-off for which substances may be present on the internal surface of FCM.
The main analytical pattern is composed of three different stages with a given use of hyphenated
techniques: HS or SPME-GC-MS for volatiles, extraction with n-hexane using semi-quantitative
GC-MS for semi-volatile and non-volatile substances and finally, with the evaluation of the food
contact surface via a washing with n-hexane of a given surface area for 10 minutes contact.
Multiple ISTDs are used to determine semi-quantitative amounts of IAS and NIAS.
During the years of the Giflex study, we detected and experienced NIAS from different sources:
inks, adhesives and plastics leading to a further and shared dialogue among stakeholders of the
Supply Chain. Plasticizers of inks and relative peaks of decomposition where found in the “forest of
peaks”, as well as cyclic esters from adhesive (opening a long time consuming activity in
identification of mass spectra as well as risk assessment outcome) and polymer production aid
found in film and in resins forms.
The Giflex screening protocol has been shared among third-party laboratories and stakeholders,
finally proposed as a technical norm to be used in our sector for all types of flexible packaging
made of plastic and paper. UNI-TS 11788-2020 was released in May 2020, now available to the
public as a tool to manage migration and set-off linked to converting processes.

INNOVATION IN SUSTAINABLE
PACKAGING MATERIALS
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INTRODUCTION
Plastics are very useful for a wide range of applications, given the mechanical and chemical
properties, and ease of manipulation. Unfortunately, because of the issue of non-degradability,
plastic waste pollution poses a severe problem from the ecological point of view. Bio based
polymers and recycling operation through circular use are representing alternative solutions to
reduce plastic waste and improve the sustainability of industrial processes.[1]
This study was devoted to understand the applicability of recycled biopolymers from packaging
applications to replace conventional biomaterials in 3D printing process.
1

MATERIALS AND METHODS

This investigation made use of two poly(lactide) acid (PLA)-based filaments: the former resulting
from waste production of bio bags used for waste and separate collection (cod. PLA EUBIO,
Eumakers. Italy). The constituting material of bio-bags was a biaxially oriented films, available in
pellet form (cod. Ingeo™ Biopolymer 4043D, Naturework, USA). The latter was an homemade
filament, obtained by extruding PLA pellets (cod. Ingeo™ Biopolymer 4032D, Naturework), in a
lab compounder at 210°C and 30 rpm.
A preliminary characterization of these filaments was performed using differential scanning
calorimetry (DSC) to verify the melting point, thermogravimetric analysis (TGA) to determine the
degradation temperature, and rotational rheology to understand the thermal stability over time at a
given temperature. A 3D printing machine was used to create samples for dynamic mechanical
analysis (DMA) at a temperature of 210°C, with the following design parameters: an infill density
of 70%, a layer thickness of 0.19 mm, and a linear pattern.
Calorimetric tests were performed in a DSC apparatus (mod. Q20, TA Instruments, New Castle,
USA) by heating a small piece of sample (8-10 mg) at 10 °C/min in a nitrogen atmosphere from 30
to 200 °C.
Thermogravimetric measurements were carried out Q500 TGA (TA Instruments, NewCastle-USA)
by heating the materials (~10 mg) from room temperature to 600 °C in a nitrogen atmosphere at a
ramp rate of 10 °C/min.
Time sweep test have been performed through a rotational rheometer (mod. ARE, TA Instruments,
USA), by using parallel plates (25 mm in diameter), and by applying small–amplitude oscillations
at a frequency of 1 rad/s, a strain amplitude of 1% more than 900 s at 210 °C in inert atmosphere.
The analysed samples were also dried for 5 or 10 hours at 80 °C in a vacuum oven.
A Triton Technology Ltd. (Leicestershire, UK) instrument was used to investigate the dynamicmechanical properties (DMA) of PLA filaments (mod. Tritec 2000) in single cantilever mode at 1
Hz frequencies from room temperature to 70°C.

2

EXPERIMENTAL

2.1 Thermal properties
Table 1 depicts the thermal properties, recorded during the heating of small pieces of materials, for
PLA filaments derived from virgin pellets or waste production of biobags, in terms of glass
transition temperature (Tg), melting temperature (Tm) and initial decomposition temperature
(Tdec5%).
Table 1.

Thermal properties of two studied PLA-based materials by TGA and DSC
PLA from virgin pellets
PLA from biobags

Tg

Tm

Tdec5%

57°C
65°C

153°C
173°C

310°C
267°C

2.2 Rheological stability
The drying treatment of samples improved the thermal stability of PLA filament derived from
virgin pellets, as confirmed by the stabilization of complex viscosity data over time (Figure 1). On
the other hand, a significant reduction in complex viscosity was shown in PLA material derived
from biobags, even in dried specimens, indicating poor thermal stability at temperature of 210°C.

Fig. 1. Complex viscosity against time for PLA derived from biobags and from virgin pellets.

2.3 Thermo-mechanical performance
The two curves of storage modulus (E’) (Figure 2), corresponding to PLA coming from virgin
pellets and recycled from biobags, were roughly overlapped with almost comparable thermomechanical characteristics across the entire temperature range.

Fig. 2. Storage modulus (E’) versus temperature for PLA derived from biobags and from virgin pellets.
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INTRODUCTION
Plastics pose a serious pollution problem globally, hence, the development of biodegradable packaging is
utterly important. One of these biopolymers that is attracting interest over last years is carboxymethyl
cellulose (CMC), a derivative of cellulose soluble in water that, when cross-linked with citric acid
increases its resistance to water, forming a three-dimensional network1, increasing its insolubility in water
and decreasing its swelling ability. Therefore, films developed using these biopolymers might be used in
foods with low water activity. Over the last decades, there has been a growing concern regarding readyto-eat (RTE) foods due to foodborne outbreaks related with such food products. RTE foods are prone to
contamination by pathogenic bacteria such as Listeria monocytogenes, a pathogenic microorganism with
the ability to form biofilms. These bacteria are responsible for producing one of the most dangerous
bacterial infections, listeriosis, with high morbidity and mortality rates when compared with other
foodborne pathogens, especially in pregnant women, the elderly and the immunosuppressed2. The great
danger of RTE foods is that they are not cooked or subject to any processing method prior to consumption,
meaning that, if they are contaminated with L. monocytogenes, they will cause severe infections in the
consumer2.
For this reason, it is necessary to develop antimicrobial active packages with the ability to interact
directly with the food, allowing to improve food safety and limiting bacterial growth of RTE foods. An
effective antimicrobial compound against L. monocytogenes is ethyl lauroyl arginate (LAE), a cationic
surfactant compound3. LAE is soluble in water, which facilitates its migration from the package to the
food product. Hence, its use together with polyoxometalates (POMs) can avoid this problem due to the
complex insolubility. POMs are a diverse class of nanoscale molecular metal oxides, characterized by a
wide and versatile range of physicochemical properties. They are used in a variety of applications, from
catalysis to medicine, as a result of their versatile redox activity and because they can be supported by a
wide variety of surfaces, such as polymers4. Furthermore, they are known antimicrobial materials5.
1 AIM
The aim of this research is to develop an antimicrobial film against L. monocytogenes for RTE foods.
For this purpose, a biodegradable CMC film with an antimicrobial complex of POM (K8SiW12O40) with
LAE [LAE7KSiW12O40 (POMLAE)] was developed and its efficiency studied both in vitro and in vivo.
2 MATERIALS AND METHODS
2.1 POM-LAE minimal inhibitory concentration (MIC) and minimal bactericidal concentration
(MBC)
MIC values were determined using the broth microdilution method according to CLSI guidelines. After
incubation, two samples of 20 μL from each well, without visible growth, were deposited onto BHI agar
plates and incubated at 37 ºC for 24 h to determine the MBC values.

2.2 Film preparation
The films were prepared at 2% (w/v) of CMC in water. As a cross-linking agent, citric acid 15% (w/w
CMC) was added alongside with glycerol 0.1 % (w/w CMC) as plasticiser agent. POM-LAE was
dissolved in dimethyl sulfoxide (DMSO) and added in different concentrations (5-10% w/w CMC). The
films were cast in 96 well-plates (0.24 mL/cm2). Finally, they were allowed to dry and cross-linked at
80 ºC for 24 h.
2.3 Antimicrobial in vitro and in vivo activity
For this method, an inoculum of L. monocytogenes was prepared in BHI broth with an optical density of
0.02. Briefly, 200 μL were added in the wells with the CMC films of 5 and 10% of POM-LAE. The
plates were then incubated at 37 °C for 24 h. Then, dilutions were made and 10 μL drops were plated on
BHI agar for colony counting and incubated at 37 °C for 24 h6. Films were also tested on cured ham
inoculated with 200 μL of an inoculum of L. monocytogenes with a concentration of 1·105 CFU/mL,
placing the film between 2 ham slices. Then, incubated at 4 ºC for 4, 11, 14 and 21 days.
Microbiological growth tests were performed each day.
3 RESULTS AND DISCUSSION
MIC and MBC values of POM-LAE (table 1) were
similar to the ones obtained with free LAE5, although
MBC values were higher in this case. The advantage is
that, stoichiometrically, the molar concentration of
LAE used to achieve MIC is 50% less than for the free
LAE Additionally, TGA analysis demonstrated that the complexation of LAE with the POM also
increases thermal stability of LAE.
POM-LAE cross-linked CMC films showed a significant difference between the control films and the
CMC films with 5 and 10 % POM-LAE, with a decrease of 7 and 8 logarithmic units, respectively. In
addition, no significant difference was observed between the CMC control films with 10% DMSO and
the control without film. This indicates that the DMSO evaporates during the drying and cross-linking
of the films.
On food samples the POM-LAE cross-linked CMC films showed antimicrobial activity avoiding the
sharp increase in microbial growth that occurs in the fourth day, where 5% POM-LAE had almost five
times less CFU/g than the CMC control. The following days both 5 and 10% POM-LAE had lower
CFU/g than the CMC control, 300 CFU/g less approximately. POM-LAE cross-linked CMC films
showed the capacity to avoid the exponential growth of L. monocytogenes.
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INTRODUCTION
Humic acids (HA) consist in a multitude of heterogeneous organic molecules surviving the biological
and chemical degradation of both vegetal and animal biomasses. The great abundance and chemical
richness of these residues make their valorisation one of the most promising approaches to move
towards a circular economy [1,2]. The heterogeneity of the biomass from which HA are extracted, as
well as production process, significantly affects the nature and the content of functional groups (i.e.
quinones, phenols and carboxylic and hydroxyl moieties), eventually changing HA reactivity and
ultimately determining its application field. Notably, these versatile and complex moieties often
exhibit a large range of resilience degree, which is a key parameter that should be assessed to set
effective valorisation practices.
To this purpose, herein we investigated the thermal behaviour of HA from different bio-residues to
identify the reactivity or the resiliency of these moieties. Temperature decomposition range, as well
as temperature to 50% weight loss were straightly related to resilience degree and the most suitable
application as additives of polymeric matrixes was selected, accordingly.
The most resilient HA composition was exploited as functional bio-waste flame retardant additives
for epoxy-based systems, because of their ability to promote the charring process during the epoxy
degradation and establish good physical interactions with the polymer matrix [3].
On the other hand, the most reactive sample was explored as an additive for gelatin hydrogel, which
achieved high antioxidant and antimicrobial activity as well as improved mechanical performance.
These properties, make obtained gelatin-HA films good candidates for food packaging, protecting
food quality from the destruction of heat, mechanical force, light, and oxidative free radicals [4].
1. MATERIALS AND METHODS
Humic acid Sodium Salt (label HASS, Sigma Aldrich, CAS 68131-04-4) and humic acid extracted
from artichoke (HA_Art) were investigated. The minimum ignition energy (MIE) was measured by
means of a MIKE3 device. Thermogravimetric analysis and Differential Scanning Calorimetry
(TGA/DSC) were carried out by TA instrument simultaneous thermoanalyser SDT Q600. FT-IR
spectrometer was used to get insight into the functional groups contained in the materials. The fire
behaviors of the epoxy-based composites were investigated by UL 94 vertical flame spread tests.
Antioxidant properties of HA and HA-based gelatin were assessed through DPPH assay.
2. RESULTS
HA_Art sample is the only system susceptible to electric spark (MIE=550 mJ), exhibiting edge
browning at 400 °C, as well as a concurrent gradual gas release. These results were confirmed by the
TGA/DSC analyses in N2 flow (Figure 1) in which HA_Art sample shows the greatest weight loss in
the range 200-1000 °C, suggesting a marked devolatilization phenomenon starting from low
temperature (T>200 °C) and a higher devolatilization heat flow, as driven from the higher area of
DTG peaks (Figure 1,b). Moreover, this behaviour was also accompanied by a relatively low
temperature of 50% weight loss (T= 300 °C). On the other side, HASS evidenced a marked thermal
stability, featuring a high temperature of both starting thermal decomposition (T> 400 °C) and 50%
weight loss (T=600 °C). In particular, DTG first peak (at about 250 °C) is usually related to the

decomposition of aliphatic groups and to some oxygen bonded carbons (catechol, phenolic), whereas
the second one (350 °C) is related to the oxidative decomposition of aromatic moieties and -COOH
groups in HA samples. FTIR spectra suggest that those moieties are prevalent in HA_Art sample,
producing marked degradation phenomena in the range between 200-500 °C and thus conferring
HA_Art sample higher reactivity. Therefore, due its low resilience degree, HASS was used as an
additive for epoxy resin systems to improve fire and thermal performances. On the other hand,
HA_Art sample was included into gelatin matrix. In particular, the obtained films displayed relevant
antioxidant and antimicrobial features.

Fig. 1. a) TGA curves (weight loss as function of temperature); b) DTG curves (weight derivative as function of
temperature), N2 flow, heating rate 10 °C/min

3. CONCLUSIONS
Thermal characterization of HA extracted from two different bio-residues allowed to assess their
resilience degree. In particular, this can be related to extent of devolatilization phenomena at low
temperature (greater weight loss and associated devolatilization heat release) and strictly depends on
reactive groups, including phenolic and catechol moieties and which account for red-ox activity. This
parameter is crucial to make the most appropriate choice for HA valorisation.
More specifically, HASS showing a higher thermal and fire resistance, can be used as flame retardant
additives in epoxy systems, preventing their degradation and dripping and also establishing good
physical interactions with the polymer matrix. On the other hand, HA_Art, with high reactivity, can
included into an organic matrix (i.e. gelatin) to obtain antioxidant films.
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INTRODUCTION
Both poly(L-lactic acid) (PLA) and poly(butylene succinate) (PBS) are known as biodegradable
polyesters with good mechanical properties and degradability [1]. PLA stands out for its good
mechanical, optical and rheological properties, for the low toxicity of the degradation products and
for its high compostability [2]. All these characteristics make it suitable for applications in the food,
pharmaceutical and biomedical sectors. However, PLA is fragile and has limited thermal and
impact resistance [3]. On its side, PBS has good toughness, excellent elongation and impact
resistance, as well as good thermal and chemical resistance. Nevertheless, the poor resistance to
thermal sealing limits its use as a packaging material [4]. Therefore, blending PBS with PLA is
particularly promising as the two polymers have substantial differences in their bulk properties:
PLA, which has a high degradation rate, shows better tensile strength, while PBS, which has a
much slower degradation rate, shows better toughness [Su et al., 2019]. These complementary
properties allow to modulate the mechanical properties and durability of the mixtures, according to
the different environmental or physiological conditions, by controlling the mixing ratio and the
molecular characteristics of the two components.
1

MATERIALS AND METHODS

1.1 Materials
The biodegradable polymers selected for this study were BioPBS FZ91PM (Biochem Co., Ltd.
Thailand) and PLA4060 (Natureworks, Minnetonka, USA) an amorphous grade characterized by a
D-lactide content of 12 wt%, to provide sealable functionality to the systems. Both PLA and PBS
fully comply with FDA and EU food contact legislation.
1.2 Biodegradable films production and characterization
The materials were dried under vacuum at 70 °C for 14h and were mechanically mixed at the
following PBS/PLA mass ratios: 100/0, 90/10, 80/20 and 70/30. Then, they were melt blended by
means of a Collin ZK25 co-rotating twin-screw extruder (D = 25mm, L/D = 42) at 200 rpm with a
thermal profile between 150 °C and 190 °C. The granules of the PBS/PLA mixture were dried again
and films having average thickness of 50 ± 3 microns were produced using a GIMAC blown film
lab-scale plant (D = 12mm, L/D = 24). The thermal profile was set between 190 °C and 150 °C, the
screw speed equal to 50 rpm and the collection speed equal to 3 m/min for all films.
The systems were characterized by several techniques (DSC, tensile tests at 25 °C and -18 °C,
oxygen permeability) to evaluate the effect of blends composition on the crystallinity and functional
properties of the films. Hot tack tests and hot filling measurements up to 85 °C were also
performed, in order to investigate films sealability and thermal resistance.

2

RESULTS

DSC analyses showed for the PBS component in the blends almost the same crystallization
temperature (Tc) and melting temperature (Tm) with that of the neat PBS, indicating that the
presence of amorphous PLA phase had almost no influence on the crystallization of PBS.
Mechanical tests at 25 °C exhibited very good ductility of the films; the addition of PLA to the PBS
led to an increase in the stiffness of the material, however, in all cases the percentage of elongation
at break still remained higher than 100%. At -18 °C, the all the films’ behavior changed from
ductile to brittle, with elongation at break values lower than 20%. Oxygen permeability
measurements pointed out that the addition of the PLA did not significantly affect the barrier
properties of the blended films, which remained comparable to those of the neat PBS. Furthermore,
the amorphous nature of the PLA allowed to obtain heat-sealable films, unlike the not-sealable
PBS, with maximum welding forces comparable to those of sealable films commonly used for food
packaging. Finally, hot-fill tests showed that all PBS-based films have excellent thermal resistance,
with maximum hot fill temperatures comparable to those used in the food packaging industry.

3

CONCLUSIONS

The results highlighted that the melt blending of PBS with the amorphous PLA grade was a
successful strategy to combine the excellent thermal resistance and ductility at room temperature of
the PBS with the sealable functionality provided by the PLA. The addition of different percentages
of PLA did not substantially modify the thermal and barrier properties of the films, while the
maximum welding force and elastic modulus increased by increasing the PLA content. The
outcomes pointed out that the obtained films are also suitable to be used in hot filling lines
commonly used in the food packaging industry. Further research will focus on deeper investigations
of the films morphology and on the optimization of the compatibility of the blends.
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1. INTRODUCTION
Fossil-based polymers are hugely used for different industrial applications. Assessing the total
demand for plastic in Europe, more than 20 billion kilos are used for packaging and an estimated
8.2 million tonnes of this (40% of all plastic packaging) is used for food and drink packaging [1].
Food industry uses both flexible and rigid packaging, each kind suitable for a particular type of
product. The flexible packaging market is predicted to have a 3.95% growth rate to reach $299
Billion by 2024 [2].
Because of the exhaustion of natural sources (petroleum) as well as the heavy pollution linked to
plastic wastes abandoned in the environment (included micro plastics), European policies are going
towards a change of course: a radical change is needed by moving from current fossil-based
polymers towards more eco-sustainable and environmental friendly materials, able to guarantee in
short time a Zero landfill approach.
R&I activities need to provide new evidences able to support food industry in this switch and in
orienting them towards the most convenient and feasible choices.
2. THE NEW CHALLENGE
Of all the bio-plastics, according to the origin and final destination, PHAs (polyhydroxyalkanoates)
can be considered the best candidates in terms of sustainability in industrial and production
processes, followed by polylactic acid (PLA).
PHAs have been recently defined as "the greenest green polymers" because they are, in absolute
terms, the only materials completely derived from renewable resources (bio-based) and agroindustry side-products or wastes with no competition with food chains; their macromolecular
synthesis is completely developed and managed by non-pathogenic bacteria, without need of
chemical approach or further modification in order to make PHA bio-polymers suitable for
industrial applications. In addition, its compostability and biodegradability characteristics put PHA
in a good position to pursue the Zero landfilling objective, needed to achieve the circular economy
of plastics.
However, despite these advantages, applications of PHAs as food packaging materials are currently
subjected to some limitations. First of all, current production of PHA at industrial level is not able
to cover the market requests. As a consequence, this causes high prices of the raw material (from 12 €/Kg of fossil-based polymers up to 11 €/kg of PHA if purchased on large quantities), which
discourages producers from adopting them.
In addition, there are a lot of doubts on the real capability of PHA in promising the same
performances in terms of mechanical properties and barrier properties that the fossil-based polymers
are guaranteeing in the last decades.

BioBarr is a BBI-JU financed project, carried out from 1 June 2017 to 30 November 2021, who
accepted such challenge and studied PHA performances from different points of view both in lab
and pre-industrial scales. The biopolymer, produced through an innovative biotechnology
completely based on natural bacterial fermentation of wastes deriving from molasses and its juices,
represents the basis to investigate:
-

The PHA’s pellets runnability on extrusion machines (with blown extrusion equipment and
(co)extrusion coating and lamination line) for obtaining flexible films,
The PHA’s flexible films compatibility with plants already existing (machinability at
converter and productive processes of the food industry),
The PHA’s flexible film resistance and reliability along producing cycle (mechanical strength,
sealing) and during storage and distribution time,
The PHA’s flexible films marking and printing properties,
The PHA’s flexible films compliance to safety standards (no overall, specific or organoleptic
migration of compounds and/or off-odours or off-flavours, in accordance with Regulations
(EC) No 1935/2004 and (EU) No 10/2011),
The PHA’s flexible films total biodegradability and compostability according to the EN13432
normative of the packaging after its use,
The PHA’s flexible films capability to guarantee the same product shelf-life as well as the
currently adopted traditional plastics solutions, once functionalized with barrier treatments that
do not affect the degradation at the end of life,
The cost/benefit ratio and environmental sustainability of the process

The speech will present the results emerging in these past 54 months of research activities carried
out by 7 European organizations, including both Academia and industrial partners.
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INTRODUCTION
Antioxidant packaging can represent a good solution to inhibit oxidative reactions of food, which is
one of the main causes of fat-rich food deterioration. Synthetic antioxidants have been extensively
incorporated into food packages, however, owing to their potential health risk, consumers’ demand
is currently oriented towards natural antioxidant compounds [1]. Among them, α-tocopherol (αTCP), the most active isomer of vitamin E, is approved by European Food Safety Authority (EFSA)
as a food antioxidant (EFSA ANS Panel, 2015) and by the Food and Drug Administration (FDA)
since it belongs to the “generally regarded as safe” (GRAS) list (21 CFR, I Chapter, Vol 3, Part
182.3890). α-TCP has been incorporated in conventional non-biodegradable and also biodegradable
films, proving an antioxidant functionalization [2, 3]. However, for all the systems, the active agent
was incorporated into the bulk of the polymer matrix and there are no examples α-TCP loading in
the inner layer of biodegradable plastic films. Particularly, the distribution of the active agent at the
product contact side of the package, instead of its incorporation into the film bulk, has several
benefits, including retention of bulk material properties and reducing the amount of active agent
required to impart efficacy. Therefore, in this work, biodegradable antioxidant films were
developed through the incorporation of α-TCP at different percentages in the inner poly(lactide)
PLA heat-sealable coating layer, which was added to films based either on PLA/
polyhydroxybutyrate (PHB) or PLA/ poly(butylene-adipate-co-terephthalate) (PBAT) blends. The
films were characterized and the effect of the addition of the active agent on film properties was
evaluated.
1

MATERIALS AND METHODS

1.1 Materials
The following polymers were used for film production: PLA 4032D, PLA 4060D supplied by
Natureworks (USA); an experimental grade of PHB was used; PBAT Ecoworld PBAT 009
manufactured by Jin Hui Zhaolong (China). Joncryl ADR-4368C chain extender, kindly supplied
by BASF (Germany), was employed for the production of the PLA/PBAT films. Acetone and αTCP (≥95.5%, molecular weight 430.71 g/mol) were supplied by Sigma Aldrich (Italy).
1.2 Films Production
Two different blend substrates were developed: PLA/PHB and PLA/PBAT. PLA/PHB substrate
film was made by a blend of PLA 4032D and PHB with a relative mass fraction of 70% and 30%,
respectively. PLA/PBAT substrate film was made by a blend of PLA 4032D and PBAT, with a
relative mass fraction of 40% and 60%, respectively, and 1% of Joncryl ADR-4368C used as
compatibilizer. For each blend, the constituents were blended in a Collin ZK25 co-rotating twin
extruder (D=25mm, L/D=42) and after, the substrate films were prepared in a multilayer blown film
plant using one single screw extruder (GIMAC, D=12mm, L/D=24).
Active layers were added through a coating technique, in which a polymeric solution consisting of
PLA and α-TCP at different relative concentrations dissolved in acetone (solid/liquid mass ratio
equal to 20:80) was applied to the surface of the produced supports by means of a Mayer bar and
then the films were left to dry at room temperature overnight.
All the produced films, with their respective composition and thickness, are described in Table 1.

1.3 Films characterization
The thermal, mechanical, and barrier properties of the films were analysed in order to evaluate the
effect of α-TCP on the thermal parameters and on the functional properties of the films. DPPH and
release tests were performed to assess the antioxidant properties of the films and the release of the
active agent in a fatty food simulant.
Table 1.
Film name
PLA/PHB_0
PLA/PHB_3
PLA/PHB_5
PLA/PHB_10
PLA/PBAT_0
PLA/PBAT_3
PLA/PBAT_5
PLA/PBAT_10

2

Films composition and thickness

α-tocopherol in the coating layer [wt%]
0
3
5
10
0
3
5
10

Active layer thickness [µm]
10.5±2.5
12.4±2.4
14.0±3.2
12.1±3.0
14.2±1.3
15.1±0.6
12.4±1.3
12.5±2.1

Film total thickness [µm]
57.7±2.7
59.6±2.6
61.2±3.4
59.3±3.2
42.2±1.4
43.1±0.7
40.4±2.8
40.5±2.1

RESULTS

DSC thermograms showed that the presence of increasing percentages of α-TCP in the coating layer
did not significantly affect the thermal parameters of PLA/PBAT based films, while it slightly but
progressively lowered the values of both the PLA glass transition temperature and the melting
temperature, suggesting an enhancement of the polymer’s chains mobility.
As concerns the mechanical properties, PLA/PHB based films exhibited a rigid and brittle
behaviour, due to the high glass transition temperature (Tg) of both the polymers and to the high
crystallinity degree of PHB. Instead, PLA/PBAT systems were characterized by smaller elastic
modulus values and by a ductile behaviour, due to their low crystallinity level and to the presence
of PBAT having a sub-zero Tg. The incorporation of α-TCP into the coating layer affected the
mechanical response PLA/PHB based films, which showed a progressive decrease in the elastic
modulus and an increase of the elongation at break, indicating that the active agent acted as a
plasticizer. Instead, the incorporation of α-TCP into the coating layer did not significantly modify
the mechanical properties of PLA/PBAT films.
The barrier properties to oxygen of PLA/PHB films were ca. 3 times higher than PLA/PBAT films.
As predictable, presence of TCP into the coating layer did not significantly change the oxygen
permeability of PLA/PBAT films, but slightly decreased that of the PLA/PHB ones, due to α-TCP
plasticizing effect towards the substrate.
Although some differences between the two kinds of substrates, α-TCP was quickly released from
the films within 55 hours. Moreover, DPPH tests showed that all the active films were able to
explicate their antioxidant activity, which was increasing with the α-TCP concentration. Therefore,
these films could be suitable to minimize oxidation of food with a short shelf life.
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INTRODUCTION
High hydrostatic pressure technology [1,2] (HPP), also known as Pascalization, is a new method of
food preservation, in which a product is subjected to a high pressure (400-600 MPa) which leads to
inactivation of some microorganisms and food enzymes responsible for reducing the shelf-life of a
product. Treating food using this technology offers a valid alternative to conventional thermal
processes since it is carried out at room temperature or close to this, therefore, eliminating the
adverse effects of heat, and maintaining the sensory and nutritional characteristics of the food as if
it were fresh. In many cases, in fact, the thermal preservation processes determine a series of
unwanted modifications that can cause significant changes in the original characteristics of the
product.
With the use of this new technology there is the real possibility of minimizing the loss of nutrients,
aromas and color as only the relatively weaker chemical bonds are modified by the applied
pressure. In fact, high pressures affect non-covalent bonds (hydrogen, ionic and hydrophobic) only:
this means that low molecular weight molecules responsible for the nutritional and sensory
characteristics of food are not affected; on the other hand, high molecular weight components with
an organized spatial structure of proteins or polysaccharides are very sensitive to these treatments.
Indeed, it is well known that the reaction kinetics, the physical state and the chemical equilibrium of
both simple and complex systems are influenced by temperature and pressure. Therefore, above
some values of these variables (P and T) the treatments can lead to both reversible and irreversible
effects [3].
The effectiveness of HPP is strongly influenced by the physico-chemical and mechanical properties
of the packaging materials. Food products need to be packed in a flexible container prior to HPP, to
compensate for the potential volume reductions in the food inside the package as well as the
collapse of the head space. The head space should be minimized; to assist in pressure transmission
to the food, to help minimize the deformation of packaging and make the most use of the space
inside the pressure vessel.
The factors that must be considered when selecting appropriate packaging types for HPP including:
 The flexibility of the packaging to ensure it is structurally sound during volume reduction
and during the return of the product to the original volume.






The barrier properties of the packaging such as the permeability (water, oxygen or carbon
dioxide) and the potential migration of packaging material to the food should not change
due to HPP.
The packaging material should not delaminate under pressure.
The seal or lid integrity must be sufficient to be maintained throughout HPP.

Due to the difficulty of reproducing HPP technology and HPP equipment, what has been done in
this work is to use and verify an analogy between pressure and temperature, thus evaluating the
response of aluminium and coatings when subjected to thermal stress. In particular, a treatment with
liquid nitrogen was carried out, thus bringing the samples to a temperature of - 196 ° C, and their
behaviour after the thermal shock was analysed.
In the present experimental work, the Laminazione Sottile group, in collaboration with the
DICMAPI of University of Napoli Federico II, and thanks to the request from a well-known Italian
food brand Golfera in Lavezzola s.p.a., investigations on different types of coatings that had
protective properties, in terms of resistance to delamination or breakage of the film, when the
sample is subjected to particular stress conditions were carried out. In the present experimental
work, the different adhesion under different mechanical stress conditions of samples made of EN
AW-8006 alloy aluminum laminates and different coatings with different physical properties and
chemical characteristics was investigated.
1 MATERIALS AND METHODS
1.1 Materials
The metal alloy used in this study, produced by Laminazione Sottile spa, has the following
chemical composition according to UNI EN 573-3: Si 0.40%, Fe 1.2-2%, Cu 0.30%, Mn 0.30-1%,
Mg 0.10%, Zn 0.10%. In particular, the samples produced and analyzed in this work, made of the
same metal alloy but different coatings, were two and the different configurations and specifics are
reported in Figure 1.

Fig. 1: Sketch of Sample A and B highlighting the different layers.

Different techniques have been used for sample investigation, before and after the treatment in
liquid nitrogen, such as (i) scanning electron microscope (SEM, FEI Inspect), (ii) cathodic
delamination tests (REAP) and (iii) differential scanning calorimetry (DSC) tests.

1.2 Cathodic Delamination technique
Cathodic delamination tests, a procedure designed to assess the long-term corrosion resistance of
coated metals using short-term electrochemical tests, were performed using a Gamry Reference 600
system connected to a personal computer. The laboratory material used is an electrochemical cell
made up of three electrodes: the WE (Working Electrode), the CE (Counter Electrode) and the RE
(Reference Electrode). They are connected to a three-terminal current generator which supplies the
current value between the WE and the CE for pre-set voltage values between the WE and the RE.
The Reference Electrode for practical reasons is not the standard hydrogen one: there are other
types of reference electrodes and in this case the saturated calomel electrode (SCE - Saturated
Calomel Electrode) was used. Calomel is the mercurous chloride Hg2Cl2 which has a potential
value with respect to SHE of +0.244 V and contains a saturated solution of KCl. The reaction that
takes place is: Hg2Cl2 + 2e- = 2Hg + 2Cl-. The Counter Electrode is made of platinum and has the
function of closing the circuit. It has a potential of +1,190 V vs SHE. The Working Electrode is
represented by bare metal suitably scratched with abrasive paper, taking care to eliminate layers of
oxide or paint present there.
Measurements were performed by immersing the sample in a 3.5% by weight NaCl solution under
aeration conditions for 24h, which simulates a particularly aggressive environment, such as that of
some foods.
1.3 Differential scanning calorimetry
To estimate the effect of temperature on sample coatings, differential scanning calorimetry tests
(DSC 821e STARe METTLER TOLEDO) were carried out, both in oxygen and nitrogen (flow
rate=60 ml/min), to the samples investigated. The range considered was from 25°C to 300°C by
means of a heating ramp of 10 ° C / min.
1.4 Pressure-Temperature Analogy
Liquid nitrogen treatment arises from the idea of using the analogy between compressibility under
pressure and thermal compressibility. Strictly speaking, we went to study the variation in volume as
the temperature varies while maintaining the constant pressure.
The coefficient of thermal expansion, which identifies the relative variation of the volume as a
function of temperature, at constant pressure, is equal to:

and the isothermal compressibility coefficient, which identifies the volume variation of a body as
the pressure varies, at constant temperature, is equal to:

In order to verify the possibility of using a pressure-temperature analogy, the coefficient of thermal
expansion and the isothermal compressibility coefficient of aluminum were evaluated, which are
respectively [4.5]:

Therefore, by carrying out simple calculations, it is possible to evaluate the variation in the volume
of aluminum when subjected to high pressures or low temperatures. What is determined is a
variation of 0.51% when subjected to thermal stress and a variation of 0.82% when subjected to

pressure stress. It can therefore be said that the volume changes that occur are of the same order of
magnitude and therefore the analogy between pressure and temperature can be validated.
2 Results and discussion
Figure 1 shows SEM images of Sample A (Al-Epoxy-Epoxy / PP) as it is (top) and after treatment
in liquid nitrogen (bottom). There was no separation of the coating from the support, on the
contrary it is as if the paint had undergone a relaxation process, adapting better to the support.
Figure 2 shows the SEM micrographs of the sample Al-PU-PP as it is (a) and after the treatment in
liquid nitrogen (b and c). In this case, the sample underwent a delamination process, the glue did
not resist the thermal shock imposed on it and detached from the support.
A very interesting thing to note is how the glue looks after delaminating from the aluminum. In the
following figure it is possible to observe that the glue has changed structure, presenting evident
cracks, in accordance with what emerged from the images under the confocal microscope.

Fig. 2: SEM images of Sample A (Al-Epoxy-Epoxy/PP) a) before and b) after liquid nitrogen treatment. C)SEM images
for Sample B (Al-PU- PP) c) before and d) after liquid nitrogen treatment. In the inset of figure d is shown a zoom of a
delaminated sample.

The cathodic delamination tests were carried out on the Al-Epoxy-Epoxy / PP sample (represented
by the green branch) and on the Al-PU-PP sample (represented by the red branch).
In accordance with the literature, the mechanism that occurs during the cathodic detachment process
is due to the interaction between the hydroxide ions that are produced in the vicinity of damaged
areas of the organic coating. These ions are generated electrochemically by the reaction that occurs
under cathodic polarization of the metal surface.
From the analysis of the branch of the sample Al-PU-PP (Fig. 3), an oscillating trend can be
observed that indicates the succession of a protection phase (decrease in current intensity) and a
corrosion phase (increase of the current intensity). A rapid and aggressive delamination is evident
with consequent detachment of the paint from the support.
As regards the branch of the Al-Epoxy-Epoxy / PP sample (Fig. 3), it is immediately possible to
observe a less oscillatory trend and therefore a greater constancy of the current intensity over time.

In this case, the specimen did not undergo violent infiltration and the coating performed its
protective function without causing damage to the internal metal layer.

Fig. 3: Comparison of the electrochemical behavior in an aerated solution at 3.5% wt of NaCl of the sample Al-EpoxyEpoxy / PP (in green) and of the sample Al-PU-PP (in red).

In order to compare the thermal properties of the samples, overlap graphs were obtained with
respect to the two conditions of oxidizing atmosphere and inert atmosphere.
The differential scanning calorimetry test was performed on four samples, in particular the two
samples 1 and 2 and two other samples that have the same stratigraphy as sample 1 but with
different concentration of surface treatment.
From Figure 4 it is possible to analyze the behavior of the four samples in oxidative current.
The graph shows the heat flow as a function of temperature and time; the only endothermic peak
present affects the Al-PU-PP sample and corresponds to a melting peak of the material and the
minimum temperature represents the melting temperature. The other samples show a more or less
similar trend and this indicates that this test only affects the external paint which is the same for all
three samples analyzed, thus determining a predominance in dominating the thermodynamics of the
system. Figure 5, on the other hand, shows the trends of the four samples in an inert atmosphere.
Also in this case there is an endothermic peak for the Al-PU-PP sample which indicates the melting
of the material. The absence of peaks at high temperatures determines the lack of oxidative
phenomena.

Fig. 4: DSC for all the analyzed samples in a) inert and b) oxidizing atmosphere.

3

PERSPECTIVES

Preliminary investigations on the delamination have been observed, and the work carried out is to
be considered a first approach, certainly very useful to further future developments. It has
substantially demonstrated, thanks to the study of the analogy between temperature and pressure,
the validity of a coating resistant to high pressures, which can be improved in order to arrive at
more precise and accurate determinations. Thanks to the good results obtained from this survey, one
could think of using the analogy between pressure and temperature as a line of future research. This
analogy could be exploited to create new predictive measurement standards aimed at understanding
and defining the behavior of aluminum and its respective coatings when subjected to high pressures.
A further future perspective that could be studied is a detailed analysis of the viscoelasticity of the
different surface coatings, in order to understand and characterize the different performances of the
latter when subjected to such high thermal or pressure shocks.
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INTRODUCTION
The incorporation of natural antioxidants in biopolymers represents an innovative approach for the
development of sustainable antioxidant packaging to extend food shelf-life. Many bioactive
compounds can be directly extracted from industrial organic waste streams, seeking to enter the
circular economy concept. In particular, the olive oil industry produces a large quantity of waste
and by-products, such as pomace, milling waste waters and leaves. Olive pomace (OP), usually
disposed of by combustion, is rich in phenolic compounds, showing a strong antioxidant activity
very attractive for the packaging industry [1]. Another by-product with promising properties for
food packaging applications is the whey protein, derived from cheese-production. It is a readily
available and economically interesting raw material, representing a promising alternative for the
development of bio-plastics from waste streams not competing with food usage as other
biodegradable polymers [2]. Whey application as a barrier film is particularly interesting: it has
high potential for enhancing aroma and oxygen barrier, with superior properties compared to other
bioplastics and approaching those of synthetic barrier layers, such as ethylene vinyl alcohol
(EVOH) [3]. Basing on these considerations, this research aimed at investigating new routes for the
revaluation of olive pomace extract (OPE) in high barrier, whey protein isolate (WPI) antioxidant
coatings for food packaging applications.
1

MATERIALS AND METHODS

1.1 Materials
Commercial biaxially oriented poly ethylene terephthalate (PET) film (Nuroll S.p.a, Italy), with 23
μm thickness and corona treated surface, was used as substrate. Whey Protein Isolate (WPI) powder
was supplied by BiProDavisco Foods International Inc. (Le Suer, MN, USA). The olive pomace
was supplied by a local farming company and subjected to an extraction process using water to
maximize the extraction of polar compounds such as hydroxytyrosol and tyrosol. Then, the olive
pomace extract (OPE) was freeze dried yielding to a powder.
1.2 Coated films production and characterization
The active bio-coatings, having an average thickness of 5.2 ± 2.2 microns, were realized on the PET
substrate by precipitation, induced by solvent evaporation, of a WPI aqueous solution incorporated
with 5 and 10 wt% of the OPE powder. PET was selected as web layer thanks to its excellent
functional properties and thanks to its complete recyclability [4]; the corona pre-treatment ensured
the good adhesion of the coating layer on the substrate. In addition, the biodegradable layer is easy
to be removed by non-toxic solvents, ensuring the complete recovery of the recyclable substrate [5],
and the coating technology ensures to avoid thermal stresses to heat sensitive active compounds.
The systems were characterized by several techniques (FT-IR, surface energy and adhesion
strength, oxygen and water vapor permeability, tensile tests, UV-Vis) in order to obtain information
on OPE interaction with the polymer matrix and functional performance of the films. Release tests
in 95% Ethanol as fatty food simulant and DPPH measurements were carried out to evaluate films

antioxidant effectiveness. Global migration tests were also conducted to assess films suitability for
food packaging applications.
2

RESULTS

FT-IR tests on the coating layer did not show the occurrence of chemical interactions between the
active phase and the polymer. The WPI addition led to a decrease in the films oxygen permeability
of more than 46% with respect to the neat PET substrate, while a slight increase in water vapor
permeability was measured, due to the water sensitivity of the protein. No significant changes in the
excellent transparency, barrier and mechanical properties of the PET/WPI films occurred with the
OPE addition, suggesting good solubilization of the active phase in the polymer matrix. A slight
worsening of the coating adhesion strenght was measured in the active films; nevertheless, no
significant delamination problems occurred, and the extent of interlayer adhesion still remained
acceptable for the films application in food packaging. The release tests confirmed the films
effectiveness in releasing the antioxidant molecules, with a typical Fickian behavior. The
antioxidant concentration and the morphology of the coating layer affected the diffusive transport,
yielding to a higher entrapment of OPE molecules within the WPI network by increasing
antioxidant percentage. The global migration analyses, using distilled water and isooctane as
aqueous and fatty foods simulants, respectively, underlined the films compliance with the food
safety regulations.
3

CONCLUSIONS

The OPE was successfully incorporated in whey protein (WPI) biodegradable coatings, to produce
eco-sustainable, bio-active films for sensitive foods preservation. OPE addition up to 10% did not
substantially modify the chemical structure and functional performance of the films, in terms of
adhesion, barrier, optical and tensile properties. Migration values were always below the migration
limits established by the European Union Legislation for food contact materials. The release and
DPPH tests on the PET/WPI-OPE films provided promising results for antioxidant packaging
applications, with the possibility to modulate the release rate and time, adapting them to the specific
preservation requirements of the foods. This outcome, coupled with the excellent oxygen barrier
performance provided by the films, suggests their possible application with foods having high
oxygen barrier requirements and medium-long shelf-life terms.
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INTRODUCTION
Active packaging incorporates “active” components intended to be released into the food or to
absorb substances [1]. Renewable and biodegradable polymers as well as natural additives are
currently considered sustainable alternatives for food packaging applications, reducing
environmental negative issues associated with packaging wastes after their useful life. Poly (lactic
acid) (PLA) is one of the most commercially available biopolymers for use in food packaging [2].
Essential oil (EO) has shown the most promising action for its antimicrobial and antioxidant
properties [3]. The objective of the present work was to develop active PP and PLA based film by
incorporation different EOs (thyme, oregano, lemon, grapefruit). Antimicrobial and antioxidant
capacity of the developed film were investigated to select the best formulation for food packaging
application.
1

MATERIALS AND METHODS

1.1 Film preparation
To produce the monolayer active films, PP Isplen PR230C1E (Repsol) and PLA Luminy® LX175
(TOTAL Corbion) were employed as polymeric base materials. Additionally, two different
microporous additives were used (Accurel XP 100 and Accurel XP 951B, Evonik, Germany) for PP
and PLA active films, respectively, to facilitate the incorporation and the retention of the active
compounds into the polymeric matrix. The film processing was carried out by using a co-rotating
twin screw extruder, to obtain films where the final theoretical concentration of actives (thyme,
oregano, lemon, grapefruit) was 2.5 - 3 % (w/w). It was observed an incompatibility between the
polymer PLA and the oregano EO, so that, it was not possible to obtain viable PLA-oregano active
films.

PP-control

PP-Lemon

PLA-control

PLA-Lemon

Fig. 1. Pictures of
films based on PP
and PLA
incorporating lemon
EO.

1.2 Antimicrobial activity
The antimicrobial activity of the processed films against different types of microorganisms (Listeria
monocytogenes, Escherichia coli, Saccharomyces cerevisiae and Aspergillus niger) was analyzed
by in vitro tests in vapor phase. E coli and L. innocua were inoculated in plate count agar at 36ºC
for 24h whereas S. cerevisiae and A. niger were inoculated in Potato Dextrose Agar at 25ºC for 3
and 5 days, respectively.
1.3 Antioxidant capacity
The free radical scavenging capacity of PP and PLA active films was evaluated using DPPH
method [4]. 30 cm2 of each film was immersed in 50 ml of two different food simulants: A (10%
ethanol) and B (3% acetic acid). Samples were stored for 10 days at 25°C. Results were expressed
as percentace of inhibition.

1.4 Data analysis
The results were reported as the mean ± standard deviation. Anova was used to evaluate the effect
of the film composition on the antioxidant capacity of the films by using spss software (spss inc.
17.0, Chicago, 2002). Differences were considered significant at p < 0.05.
2

RESULTS

2.1 Antimicrobial activity
The results obtained, indicates that oregano and thyme EOs when incorporated to PP matrix, exhibit
very strong inhibition activity against the four target microorganisms evaluated. Whereas when
thyme EO was incorporated into PLA matrix, no antimicrobial activity was observed. Films
incorporating lemon and grapefruit EOs for both PP and PLA showed no inhibition. The reason for
this may because the concentration of actives may be too low to present antimicrobial activity or
because of losses of the EOs during the processing stage. A summary of the results is shown in
Table 1.
2.2 Antioxidant capacity
All the samples exhibited inhibition towards the DPPH free radical. Among PP active films,
PP+EOthyme and PP+EOoregano showed the highest antioxidant capacity in both simulants, with
values always greater than 50% of inhibition. For PLA active films, PLA+EOgrapefruit showed the
higher antioxidant activity for simulant A, equal to 48%; no differences were found among all the
samples in simulant B.
Table 1. Results of antioxidant and antimicrobial activity.
PP
Antioxidant
capacity (%)

PLA

A

B

E.
coli

Thyme

59a

52a

*

*

*

Oregano

61a

52a

*

*

Lemon

39b

44b

***

Grapefruit

42b

42b

***

EOs

Antioxidant
capacity (%)

Antimicrobial activity
L.
S.
A.
innocua cerevisiae niger

Antimicrobial activity
E.
coli

L.
S.
A.
innocua cerevisiae niger

A

B

*

41b

39a

***

***

***

***

*

*

n.a.

n.a.

n.a

n.a

n.a

n.a

***

***

***

31b

39a

***

***

***

***

***

***

***

48a

37a

***

***

***

***

*Very strong inhibition activity, ** Moderate inhibition activity, *** No inhibition.
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INTRODUCTION
Bioplastics synthesized from natural sources are recognized as an attractive alternative option to
synthetic plastics and their wastes, that represent a source of pollution if bad disposed or dispersed
in the environment. In fact, several bio-based plastics result to be both compostable and marine
biodegradable, through a process of biodeterioration, bio-fragmentation, and assimilation. [1]
Among all the bioplastics, polyhydroxyalkanoates (PHAs) are aliphatic polyesters that show
biodegradable behaviour in all aerobic and anaerobic environments defined by ASTM standards,
and could potentially be used to make completely compostable, and soil and marine biodegradable
flexible packaging. The most relevant PHAs are the short chain polymers, such as poly(3hydroxybutyrate) (PHB) and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV). [2]
PHB and PHBV are the most basic forms of PHA and their granules, with a wide range of grades,
are commercially available to be manufactured through several processes.
The thermoplastic behaviour of PHAs allows the realization of flexible films by plate die or blown
extrusion that could be potentially processed by rotogravure machines to obtain printed,
functionalized and laminated flexible packaging for food application. However, the use of these
materials in food flexible packaging is still limited due to their higher cost and poorer properties
(barrier and mechanical) compared to conventional plastics.
1

FEASIBILITY OF PHA FILMS ON CONVERTING PROCESSES

Flexible multilayer packaging are realized by converters through several processes, inline and
outline, that consist in the printing, laminating and addition of functional coating or surface
treatments on flexible films. During these processes, plastic films are stressed, due to temperatures
and tears and use of solvents involved. Hence, polymers need to resist to these stresses, to obtain
final reels of multilayer structures, easy to run on packing machines.
The feasibility of a commercial PHA grade, extruded as film in form of sheets and reels, on several
steps (surface treatment, ink deposition, lamination with PLA) of converting was investigated to
individuate potentialities and issues in its application in flexible packaging sector. The work started
with the characterization of the commercial PHA film properties that interest the packaging
application, such as wettability, barrier and mechanical properties.
To increase the barrier properties of PHA to oxygen and water vapour, three surface treatments that
consist on the deposition of a thin layer were considered: conventional metallization, AlOx
deposition and SiOx deposition. The influence of the treatments on pristine PHA was evaluated in
terms of visual aspect, adhesion of the thin layer and barrier properties.
The printing of the novel bioplastic was evaluated on the lab scale, considering three types of
commercial solvent-based inks with different chemistry (nitro-polyurethane, nitro-acrylic, vinylic)
and a water-based compostable ink under development. Inks were deposited on PHA by rod coating
technique and their adhesion was measured by an adhesive tape test after 24 hours from deposition.
For solvent-based inks, the use of a hardener (10%wt) was taken into account.
The use of PHA in a multilayer flexible structure was also investigated. The realization of
multilayers is a common practice in food packaging, as any single layer can add different
functionalities to the final structure. Furthermore, it allows the internal printing that avoid scratch
and damages of printing, contrary to the external printing required in case of monolayers.

The lamination process usually consists in the printing and drying of a “primary layer”, that is made
with a polymer with higher thermal stability. After the deposition and drying of an adhesive on the
printed side of the primary layer, it is laminated with another film, named “secondary layer”, that
represents the film in direct contact with food.
PHA could be laminated with polylactic acid (PLA) film to develop compostable multilayer
packaging with increased thermal stability and mechanical properties. The development of
PHA/PLA laminates was investigated at first on lab scale, by the realization of laminates prototypes
simulating three possible configurations that can be replicated on the industrial process. In the first
configuration, PHA was chosen as primary layer, with the adhesive deposited on its matt side, and
PLA as secondary layer. The second configuration involved the use of PHA as primary layer, with
the adhesive deposited on its gloss side, and PLA as secondary layer. In the third configuration,
PLA was chosen as primary layer and PHA as secondary. On lab scale, the prototypes resulted to be
different in terms of visual aspect and lamination strength. Once established the better
configuration, an industrial test was performed on a laminating machine, and no critical issues, as
the breakage of PHA film, were observed during the realization of the PHA/PLA reel.
Test performed on PHA among the main steps that involve converting industries allowed to
consider this novel material as a potential and sustainable alternative to conventional fossil fuelbased plastics.
2
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INTRODUCTION

Food packaging plays an important and vital role in the society and in everyday lifestyle. The purpose
of food packaging is to maintain or increase the quality and safety of food, minimizing at the same
time the environmental impact [1,2]. To reply to the urgent market demand for green and ecosustainable products, due to the excessive use of nonbiodegradable petrochemical-derived polymers,
the materials used in food packaging must be recyclable, renewable, degradable, and compostable
[3]. For these reasons, recently the employment of biodegradable and/or compostable polymers have
been attracted a lot of interest [4]-[5]. However, their real industrial application is precluded by their
limited mechanical and gas barrier properties. In this framework, this work will be aimed at the
development of innovative compostable ecosustainable systems, based on biopolymers and agri-food
waste extracts and fillers, in order to find a new reuse for them in the Circular Economy and in the
zero-waste standard context. Different biopolymers, both synthetic and natural, such as polylactic
acid (PLA), poly caprolactone (PCL), chitosan, zein, alginate, and their blends, were selected (Figure
1). Similarly, several agri-food waste materials, such as coffee ground, fruits, crustaceans, were
processed to obtain appropriate extracts and fillers, in order to provide multifunctional properties,
including antimicrobial, antioxidant and mechanical features [5]-[7].

Figure 1: A visual schematization of the possible sources and compositions of the polymeric films.

2

MATERIALS AND METHODS

Specific agri-food waste materials were selected, including shellfish, fruits, eggshells, in order to
extract suitable antioxidant/antimicrobial molecules (e.g. ascorbic acid, gallic acid…), as well as the
inorganic component. The obtained inorganic particles (1-10 wt%) were dispersed in the polymer
solvent by ultrasonication for 30-60 minutes. Then, pellets/powders of the selected polymers (e.g.
PLA, zein, chitosan…) were added to the prepared suspensions. All the obtained
solutions/suspensions were magnetically stirred at room temperature, up to complete polymer
dissolution, then cast on Petri dishes and maintained under fumehood until complete solvent
evaporation. As a reference, neat polymeric films were also prepared, following the same procedure.
The influence of the additives on the morphology, crystallinity, efficacy of the chemi/physi-sorption
protocols was verified by scanning electron microscopy (SEM), X-ray diffraction (XRD) and FourierTransform Infrared (FT-IR) spectroscopy. The films morphology and the filler dispersion were
investigated at SEM, the functional chemical groups were identified by FT-IR, the thermal properties
by differential scanning calorimetry DSC, the phase analysis by XRD measurements, the mechanical
properties by uniaxial tensile tests.
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RESULTS AND DISCUSSION

The good dispersion of the extracted antimicrobial/antioxidant agents was demonstrated by FT-IR
analysis, whereas their influence on the thermal behaviour by DSC. They induced a decrease of the
glass transition temperature, suggesting an interaction with the polymeric chains. The used inorganic
particles allowed to provide a significant mechanical reinforcement, in terms of Young’s Modulus
(E) and ultimate tensile strength, associated to a decreased elongation at break, as expected. These
experimental evidences suggested a good compatibility/wettability between the filler and the
polymeric matrix, as supported by the SEM observation of the stress-strained fracture surface.
4

CONCLUSIONS

Ecosustainable systems based on biopolymers and agri-food waste extracts were successfully
obtained. A good fillers distribution, as well as their remarkable influence on the mechanical
properties, were demonstrated by FT-IR, SEM and tensile tests, respectively. On the basis of the
collected results, it is possible to conclude that the obtained films can be considered as an innovative
promising and performing alternative to the non-biodegradable petrochemical-derived polymers,
commonly used in food packaging applications.
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INTRODUCTION
Alcohol-ester mixtures and, specifically, ethanol-ethyl acetate mixtures are widely used as solvents
in the packaging industry. Such mixtures are flammable and, thus, pose serious safety issues.
In order to design adequate prevention and mitigation measures for the process industries where
flammable substances are stored, handled and used, reliable safety data are required. According to
the National Fire Protection Association (NFPA), the key parameters for classifying flammable
liquids are the flash point and the boiling point [1]. However, for liquid fuels, explosive conditions
may also arise when fuel evaporation and its mixing with air occur. At temperatures higher than the
flash point, liquid fuel evaporation may result in the formation of a flammable cloud, the accidental
ignition of which may lead to explosion [2].
In the literature, efforts have mainly been focused on measuring and predicting the flash point of
ethanol, ethyl acetate, and their mixtures (see, for example, [3]). On the contrary, the explosion
behavior of such systems has been essentially neglected. This is especially true for ethanol-ethyl
acetate mixtures.
In this work, a preliminary characterization of the explosion behavior of ethanol-ethyl acetate/air
was performed. To this end, closed-vessel explosion tests were carried out considering a fixed
ethanol-ethyl acetate composition in stoichiometric air. In order to explore the possibility of a
synergy between the two fuels composing the mixture, explosion tests were also extended to
stoichiometric ethanol/ and ethyl acetate/air.
1

EXPERIMENTAL

Closed-vessel explosion tests were performed in a (closed) cylindrical reactor (volume of 5 l) made
of AISI 316 stainless steel, with pressure equipment directive (PED) certification for maximum
allowable working pressure (MAWP) of 200 bar at 300°C. Spark ignition was provided at the
center of the reactor by using an electric arc produced by high-voltage power generator (25 kV,
5 mA). The spark gap was set to 6 mm, while the spark discharge time was adjusted to a value of
0.2 s–1.0 s [4].
For pressure measurements, a high-precision KULITE piezoelectric transducer (type ETS-IA375M-350 BARA) was installed at the top of the reactor. A high-resolution acquisition system (NI
USB-6251 - 1.25 MS/s) was employed.
The explosion behaviour of stoichiometric ethanol/, ethyl acetate/ and ethanol-ethyl acetate/air was
investigated. The mole fraction of ethanol in the fuel (ethanol + ethyl acetate) was 0.62. Each
system was tested three times [4]. For all tests, initial temperature and pressure were set to 298 K
and 1 bar, respectively. The stoichiometric mixtures were obtained by using the partial pressure
methodology. The reactor was first vacuumed, and then a liquid sample was fed through a sample
drum connected to the vessel. Finally, air was added until the initial pressure of 1 bar was reached.

2

RESULTS

Fig. 1 shows the results of explosion tests on stoichiometric ethanol/, ethyl acetate/ and ethanolethyl acetate/air. Specifically, Fig. 1a shows the plots of pressure, P, versus time, t, whereas Fig. 1b
shows the plots of dP/dt versus t.
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Fig. 1. Explosion tests on stoichiometric ethanol/, ethyl acetate/ and ethanol-ethyl acetate/air: a) P and b) dP/dt versus
time, t. The mole fraction of ethanol in the fuel (ethanol + ethyl acetate) was 0.62

The typical trends of closed-vessel explosion can be observed in Fig. 1: P and dP/dt increase and,
after reaching their maximum values, they decrease.
Table 1 summarizes the values of (maximum) explosion pressure, Pex, and (maximum) rate of
pressure rise, (dP/dt)ex, for the three systems. These values were averaged over three tests. (dP/dt)ex
quantifies the explosion severity.
Table 1.

Explosion pressure, Pex, and rate of pressure rise, (dP/dt)ex, for stoichiometric ethanol/, ethyl acetate/ and
ethanol-ethyl acetate/air
System
Pex [bar] (dP/dt)ex [bar/s]
Ethanol/Air
7.04
136.7
Ethyl Acetate/Air
7.19
127.8
*
Ethanol-Ethyl Acetate /Air 7.29
144.6
* mole fraction of ethanol in the fuel (ethanol + ethyl acetate) = 0.62

Pex remains substantially constant over the three systems, whereas (dP/dt)ex varies. Specifically, the
value of (dP/dt)ex for ethanol is higher than ethyl acetate, and the value of (dP/dt)ex for ethanol-ethyl
acetate is higher than ethanol. This suggests that synergistic effects arise making explosion of
ethanol-ethyl acetate more severe than both ethanol and ethyl acetate. The presence of non-linear
effects also highlights the need to specifically characterize the explosion behavior of ethanol-ethyl
acetate as it cannot be extrapolated from the behaviors of pure ethanol and pure ethyl acetate.
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INTRODUCTION
In these recent years the growing public concern about environmental protection has lead to a
particular focus on sustainability issues. The resources should be saved and the goods after their
uses should not be disposed of without a second life. In this context, paper has a long tradition of
recycling. However, it has long been known that recycled paper, also used for FCM not rarely
presented residual substances from the first use [1, 2] such as diisopropylnaphthalene [3],
benzophenones [4] or hydrocarbons [2]. It cannot be waived that food contact materials (FCM)
should be safe for the human health, and therefore the presence of contaminants must be known. In
fact, paper can be into direct contact with foods (eg pizza boxes, paper bags etc.) or make part of a
multilayer multimaterial FCM (eg .flexible packagings, butcher paper etc,) behind a layer of plastic.
In this latter case the contaminants may penetrate the plastic layer and migrate into the food.
Therefore, the analysis of the contaminants in paper is an unavoidable step to characterize the
packaging and to know and evaluate not only the compliance to eventually applicable legislations,
but also the possible risks for human health. This paper presents GCMS and HPLC based methods
to detect a range of contaminants typical for recycled paper and the application to real cases.
Materials and METHODS
1.1 Extraction of contaminants
A weighed portion of the paper (approximately 1g) was fragmented in small pieces in a glass
vessel, treated with 10 ml ethanol:hexane 1:1 as extractive solution and let stand for 2 hours at room
temperature. The liquid phase was transferred to a 10 ml centrifuge tube, 3 ml deionized water was
added and the tube was gently shaked to mix the phases. Then, it was centrifuged for 5 min at 3000
rpm to let sediment the paper particles. The upper organic phase was transferred in a different glass
vessel for GC/MS analysis. The polar phase was used for BPA.
1.2 GC/MS analysis
The hexanic extracts were submitted to a GC/MS analysis. The identification of contaminants was
performed under SCAN mode, while for quantification SIM mode was used. An Agilent GC 7890B
coupled with a Agilent MSD 5977B was used. The column was HP-5MS 30m x 0.25mm df 0.25
μm. Carrier Gas was Helium @ 8 psi x 0.9 ml/min. Oven T was 80°C x 3 min, ramp: 12°C/min to
280°C, hold: 25 min, ramp: 25°C/min to 300°C hold: 5 min. Injector Was 260 °C, splitless. Ion
source T was 230 °C .EI: 70 eV. SCAN conditions: amu range 50 to 350, Threshold 100. SIM
conditions: in Table 1 the ions used quantify/semiquantify the identified contaminants.
1.3 HPLC analysis
The polar extract (lower phase) was submitted to HPLC–Fluorimetric analysis for Bisphenol A
(BPA). The Instrument was an Agilent 1100, with detectors: FLD and VWD. The FLD signals
were λ excitation: 225 nm, λ emission: 310 nm, The VWD signal was λ: 230 nm. The column: was
a Restek C18 (cat. # 9304A65), 150 mm x 4.6 mm ID Particle Size: 2.7 μm. The temperature was
25°C. The sample dilute was ~50:50 Water:Ethanol. (concentration: 0.5 – 50 μg/ml ). The Inj. Vol
was: 20 μl and the mobile phase was Water/ Acetonitrile. LOD for BPA was 0.28 μg/ml and LOQ
0.50 μg/ml.

Table 1.

SIM conditions, Target (T) and qualifier ions (Q1 and Q2)
Substances

Ret Time
(min)

Saturated Aliphatic Hydrocarbons (C10-C38)
Benzophenone (BP)
Di(2-ethylhexyl)adipate (DEHA)
2,6-Diisopropylnaphthalene (DIPN)
4-Methylbenzophenone (4-MBP)
Diisobutyl phthalate (DIBP)
Dibutyl phthalate (DBP)
Tributyl Acetyl Citrate (ATC)
Di(ethylene glycol) dibenzoate (DEGDB)
Di(2-ethylhexyl) phthalate (DEHP)
Diisononyl cyclohexane-1,2-dicarboxylate (DINCH)
Dioctyl terephthalate (DEHT)

4.97 – 47.91
13.05
13.42
13.89
14.25
15.13
15.91
18.19
19.72
20.19
21.92
21.78

T
57
105
129
197
119
149
149
185
105
149
155
70

Ions
Q1
71
77
57
155
196
57
150
129
149
167
299
112

Q2
85
182
185
212
91
223
223
259
77
279
281
149

Standards
as n-decane
analytical
analytical
analytical
analytical
analytical
analytical
analytical
as DEHP
analytical
as DEHP
analytical

1.4 Quantification /semiquantification
Quantificationn was performed from the areas of the Target Ion in the Total Ion Chromatograms
(SCAN mode). Confirmation was got in SIM mode.
For the substances DBP, DEHP, DiBP, ATC, DEHT, BP, DIPN, 4-MBP analytical standards were
used to prepare a calibration curve (external calibration). Saturated Aliphatic Hydrocarbons (C10C38) were calculated as cumulative amount by means of a calibration curve of n-decane (C10).
The other analytes were semiquantitated by GC/MS using the curve of DEHP. BPA was quantified
by HPLC (external standard curve)
1.5 Analysis of real samples
The method was tested to some randomly got FCM samples, based on paper and boards. In some
samples, the contemporaneous presence of substances extraneous to the typical composition of the
paper addressed toward the use of recycled paper. This was validated by analysing a sample of
FCM in which recycled paper was declared. The presence of recycled paper was confirmed when
not only one marker was present, but more components of this family. Moreover, their quantity was
a discriminant to distinguish between intentional use of recycled paper in a FCM from other type of
contamination (e.g. environmental traces, or bad manufacturing practice)
2

CONCLUSIONS

The developed and applied method is suitable to reveal and characterise the presence of recyled
paper in a manufact for FCM. It must be stressed that by identifying a sample as “recycled” could
have a strong legal impact depending on the local legislation. Therefore it is necessary to have
available an analytical scheme to perform reliable evaluation.
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INTRODUCTION
Ortophthalic esters, commonly known as phthalates, have been used as plasticizers for decades in
plastic articles for food contact materials (FCM), submitted to progressive restrictions in parallel
with the increasing knowledge on their toxicological properties for human and environment.
Nowadays according to Regulation EU No10/2011 only some phthalates are listed and are allowed
to be used in plastic under restricted conditions, especially in the case of FCM in contact with foods
for infants and young children. [1] Nevertheless, not only plastic FCM may contain ortophthalates,
but many other FCM (e.g. rubber, paper, board etc.) may contribute to exposure to these substances.
Moreover, the use of plasticizers other than ortophthalates has been increasing and also these
alternatives must comply to the safety requirements in the EU legislation. Therefore, listed and
unlisted plasticizers as well their alternative used in FCM must be identified and quantified,
This paper reports a multianalyte method based on GC/MS analysis to extract and identify
othophthalates and alternative substances used as plasticizers in rigid and flexible plastic FCM.
1

MATERIALS AND METHODS

1.1 Identification of the material, extraction of plasticizers
The material of the FCM is identified by FT IR- ATR analysis with a Perkin Elmer Spectum one
instrument equipped with ATR accessory. This step allows to reveal with reliable certainty the
intentional use of orto- and terephthalates, but does not allow the identification of the individual
substances and of the other non-phthalate plasticizers. In addition, presence of phthalates at very
low levels (non plasticizing) are not detectable by FT IR. Therefore the articles are fragmented in
small pieces and a solvent extraction is performed. Tetrahydrofurane is used for PVC (repeated
dissolutions, ri-precipitation with methanol, reduction to small volume and reconstutution with
isoctane) and directly isooctane for polyolefins (gentle warming overnight under agitation, 1 hour
in ultrasonic bath).
1.2 GC/MS Analysis
The isooctane extracts are submitted to a GC/MS analysis. The identification is performed under
SIM mode, while for quantification SCAN mode is used. An Agilent 6890A coupled with Agilent
MSD 5973D was used. The column was RTx-5MS 30m x 0.25mm df 0.50 μm. Carrier Gas was
Helium @ 11 psi x 0.8 ml/min. Oven T was 80 °C x 3 min, ramp: 12 °C/min to 280 °C, hold 25
min. Injector T was 260 °C, splitless. Ion source T was 230 °C. Quadrupole T was 150°C.Transfer
line T was 280°C. EI energy: 70 eV. SCAN conditions: amu range 45 to 450, Threshold 500. SIM
conditons: in Table 1 the target and qualifiers ions used to identify plasticizers.
1.3 Quantification
Quantification was performed from the areas of the Target Ion in the Total Ion Chromatograms
(SCAN mode) by external calibration curve. Confirmation was got in SIM mode.

Table 1. Retention times, SIM conditions, Target (T) and qualifier ions (Q1 and Q2) , LOQ
Substances
Di(2-ethylhexyl)adipate (DEHA)
Diisobutyl phthalate (DIBP)
Dibutyl phthalate (DBP)
Acetyl Tributyl Citrate (ATC)
Butyl Benzyl phthalate (BBP)
Di(2-ethyl hexyl) phthalate (DEHP)
Di(n-octyl) phthalate (DNOP)
Di 2-ethyl hexyl terephthalate (DEHT)
Di (isononyl) phthalate (DINP)

Ions

Ret Time
(min)

T

Q1

Q2

LOQ
(µg/ml)

14,37
16,20
17,02
19,21
20,14
21,63
23,80
23,90
25,11

129
149
149
185
149
149
149
70
149

112
57
150
129
91
167
167
112
167

147
223
223
259
206
279
216
149
293

3.13
2.40
2.80
3.06
2.81
3.19
2.47
2.21
3.15

1.4 Validation
The method was tested by spiking known increasing amounts of plasticizers to the THF (or
isooctane) solution submitted the same treatment as for the real sample . In so doing the recovery
for the extractive part was demonstrated to be quantitative. The extracted calibration curves were
linear (Linear correlation coefficients very high and close to 1) and not different from comparative
final non extracted calibration curves, hence allowing an external calibration. The LOQ (lower
calibration points) are in the Table 1. Furthermore, it was previously participated to a
collaborative trial with optimal results on real samples of PVC articles with unknown amount of
plasticizers in the formulation.

2

RESULTS AND DISCUSSION

The developed and tested method allows to detect and quantify simultaneously a number of
commonly used monomeric and primary plasticizers.. Structures based on ortophthalic acid,
terephthalic acid, citric acid are successfully determined. It is worth to note that, also other
plasticizers could be added to this list, provided they are semivolatiles with respect the GC/MS
conditions. The compositional data may be used to calculate the 100% transfer, based on the
assumption that all the plasticizers could migrate, or used to estimate migration based on
diffusional models. Reliability of the analytic results is fundamental. For instance the difference
between DNOP and DEHT (two isomers) is analytically minimal (the same MW, similar
fragments) and the separation between the peaks is critical not to mislead the signals. In this case
the selected fragments and their ratio is the keypoint for the analysis. It has to be noted that while
DNOP is an orthophthalate with a number of restrictions, the DEHT is a terephthalate with no
specific migration limit in the plastic regulation.

3

CONCLUSIONS

The presented multianalyte method may be a useful tool to to perform the compliance assessment
and/or to select the proper formulation of a FCM.
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RISK ASSESSMENT OF LOW LEVEL PHTHALATES IN POLYOLEFINS
A case study: analysis of dibutylphthalate and di(isobutyl)phthalate from a plastic FCM
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INTRODUCTION
The use of phthalates in plastic articles has a long story of technologies, applications, scientific
debates and analytical challenges. Phthalates have been used as plasticizers (i.e. in PVC) or as
process substances with different purposes (e.g. in polyolefin formulations). Nowadays these
substances were banned or restricted for several uses for food contact materials (FCM), but may be
analytically found at very low levels as contaminants due to their environmental persistence or
their use in the process formulations.
This paper reports a case study on a plastic FCM article: the analysis revealed Di (butyl) phthalate
(DBP) and di (isobutyl) phthalate (DIBP) in the polyolefin container and migration into food
simulant was measured, too. GC/MS analysis at very low level was carried out and risk assessment
has been performed according to the approach [1] published by the European Food Safety Authority
(EFSA).
1

MATERIALS AND METHODS

1.1 Identification of the material, extraction of phthalates from plastic and GC/MS Analysis
The material of the FCM as identified by FT IR ATR analysis and was Polypropylene. The article
was fragmented in small pieces and treated with isooctane at 30°C overnight under agitation and
then 1 hour in ultrasonic bath. The extract was injected into a GC/MS (Agilent GC 7890B coupled
with an Agilent MSD 5977B). DBP and DIBP were identified and then quantified by external
calibration and SIM analysis.
1.2 Migration test and GC /MS Analysis
Migration test was performed with a worst case food simulant, considering the indication of use of
the article. Therefore 50% ethanol was used for 10 days at 20 °C and then 3 minutes in a microwave
oven at 900 Watt. Three consecutive contacts were performed, to apply repeated use conditions
(analysis on the 3rd extract). Triplicate contact tests were performed. Isooctane was used to extract
DBP and DIBP from the ethanolic food simulant. The isooctane solution was injected into a GC/
MS (Agilent GC 7890B coupled with an Agilent MSD 5977B), and the two phthalates were
identified and then quantified by external calibration and SIM analysis.
2

RESULTS AND DISCUSSION

2.1 Results
Phthalates in the polypropylene FCM: DBP 1.2 mg/kg plastic; DIBP 2.0 mg/kg plastic
Migration: DBP was 0.014 mg/l and DIBP was 0.027 mg/ l simulant (mean from three replicates)
2.2 Risk assessment
The migration of DBP was compared with the Specific migration limit (SML) in the Union List of
substances for plastic FCM in the EU [2]. It was found that the migration of DBP (0.014 mg/kg
food) was lower than the SML (0.3 mg/kg food). DIBP is not in the positive list, and therefore a
SML is not available. DIBP can be present either as “non listed but authorized substance” or “non
intentionally added substances” (NIAS) but in both the cases a risk assessment is mandatory to
ensure packaging compliance and food safety. To perform the risk assessment the following

approach has been used. According to the EFSA proposed “Group approach” for phthalates [1],
based on the same toxicological end points, the use of DEHP-equivalent factors has been applied.
The following equivalent factors for the different phthalates have been derived by EFSA on the
basis of their different toxicological potencies:
Group Phthalates concentration as DEHP Equivalents (μg/kg food):
DEHP*1 + DBP*5 + BBP*0.1 + DINP*0.3.”

(1)

It has to be noted that DIBP is not in this equation because DIBP is not in the positive list of
additives of EU Regulation [2], but EFSA supported for DIBP the same toxicological profile as for
DBP. Therefore it this case study it is proposed to extend the group approach also to DIBP.
By applying the equation to our case study (1) the migration to be used for risk assessment is
0,014 DBP x 5 + 0,027 DIBP x 5 = 0,07 +0,13 = 0,20 mg/kg food (as DEHP equivalents)

(2)

As a toxicological reference a Tolerable Daily intake (TDI) of 50 µg/kg/body weight per day is
indicated ad hoc by EFSA[1] as well as the level of food consumption of 50 g/kg bw per day to
cover the consumption by infants and toddlers of solid foods specifically intended for infants and
toddlers [3]. Therefore the average exposure for infants and toddlers can be calculated as:
0,20 mg/kg food x 50 g/kg bw per day = 10 µg/kg bw per day

(3)

This exposure is lower than the group TDI of 50 µg/kg/body weight per day.
3

CONCLUSIONS

The presented case study shows the application of the group approach for phthalates, either listed or
not for plastic FCM. In fact the group approach presented by EFSA [1] is extended also to DIBP,
although not listed in the EU Plastic Regulation for FCM. The study was performed considering the
real use of the container, but under worst case conditions. The used food consumption scenario (50
g/kg bw day) for infants and toddlers is 3 times higher than the 17g/kg bw/ day coming from the
default food consumption for adults (1kg food/day, 60 kg bw adult). This adds conservativism to
the system of risk assessment to protect these vulnerable consumers, in the meantime ensuring the
protection of adult consumers. It has to be underlined the importance of the analytical steps to get
reliable analytical results for migration of phthalates also at low levels, to be able to perform a
scientific based risk assessment.
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INTRODUCTION
The use of protective coatings and sustainable packaging is gaining increasing interest due to
its potential for improving the shelf-life of food, as well as for addressing waste disposal issues1.
However, the market share of biopolymer coatings is currently limited because of drawbacks
in their performance and processing. For this reason, recently nanotechology has been exploited
to improve the oxygen barrier performances of food packaging. Incorporation of high aspect
ratio nanofillers in polymer-based coatings represents a viable approach to inhibit gas transport,
by creating a longer and tortuous pathway2. In the coatings context, ultrasonic spray (USS)
technology is a wet chemical deposition method that allows to obtain economic and precise
ultrathin coatings with high reproducibility and good transfer efficiency3. In this research, USS
coating is used to deposit novel, high barrier, polyethylene glycol diglycidyl ether (PEGDE)crosslinked chitosan/graphene oxide (CS/GO) nanocomposite coatings on polybutylene
succinate (PBS) films in order to enhance their application range. The develompent of the
coating formulation was focused on: improvement of chemical stability by PEGDE
crosslinking, and enhancement of gas barrier properties by optimizing GO platelet dispersion.
2 EXPERIMENTAL
2.1 Coating preparation
A GO aqueous dispersion (1 mg/ml) was treated with ultrasound for 5 h to promote GO
exfoliation. CS was dissolved in 1% v/v acetic acid solution at room temperature to prepare 1
wt% of chitosan solution. GO suspension was incorporated drop by drop into the chitosan
solution under vigorous stirring to achieve a GO concentration of 1 wt% on chitosan basis.
PEGDE content was added in three different amounts (23, 29, 38 wt% on chiotan basis) into
the CS/GO mixture and stirred for 1 h at 80°C. The final mixture was sonicated for 1 h before
the deposition. A SimCoat U ltrasonic Spraying System (Sonotek) equipped with an Impact
ultrasonic spraying nozzle with programmable x−y motion was used for the deposition
experiments. Prior to coating, corona treatment (90 μA, 0,4 mbar and 20 min) through plasma
surface technology (Diener Pico) was performed on the PBS substrate to increase its surface
energy and ensure adhesion between the chitosan coating and the PBS substrate.
3 RESULTS AND DISCUSSION
The coatings formulations were optimized by firstly designing and characterizing self-standing
films. To this aim, films of about 40 μm were obtained by solvent casting. Swelling tests (20°C,
DI water) were performed to assess the reduction of water uptake due to the formation of a
PEGDE-crosslinked network (Figure 1a). They were conducted on chitosan films modified
with different PEGDE concentrations; chitosan crosslinked with 23 wt% of PEGDE showed a
swelling ratio over 95% lower than the pristine chitosan films, demonstrating a reduced
moisture-sensitivity of the chitosan matrix. However, further increasing the PEGDE
concentration up to 38 wt% slightly reduced the swelling rate (15% reduction compared to 23
wt%). Therefore, the relatively low efficiency increase and cost considerations led to select the

PEGDE concentration of 23%. Subsequently, the chitosan formulation was deposited on PBS
of about 100 μm by ultrasonic spraying. Several experiments were conducted to identify the
best parameters combination (Table 1) that yielded highly reproducible coating thickness and
roughness, resulting in a more uniform distribution of the material. Coating thickness and
surface roughness were measured through AFM and SEM, respectively (Figure 2b and c). The
formation of a compact and homogeneous layer of about 1,75 m was highlighted from SEM
images.
Table 1. The optimized parameters of the ultrasonic spray-coater using 1 wt% of chitosan solution.
power
4w

Air pressure
0,03 bar

Flow rate
1 ml/min

Distance substrate-nozzle
7 cm

a)

Nozzle speed
30 ml/min

b)

Fig. 1. a) swelling of crosslinked and pristine chitosan; b) AFM topography of the coating surface; c) SEM cross-

sectional of coated film.

Using the selected optimal deposition parameters, deposition tests of the PEGDE-crosslinked
GO/chitosan nanocomposite mixture were further optimized, to identify the number of
deposition cycles to form a uniform monolayer, which was expected to outperform in terms of
barrier properties. The PBS film coated with a monolayer displayed a dramatic reduc oxygen
transmission rate of about 90% with respect to the uncoated substrate (from 101,50 to 11,40
cc/m2 day bar).
4 CONCLUSIONS
In summary, PEGDE cross-linked CS/GO nanocomposite coatings have been sucessfully
deposited on PBS by ultrasonic spray coating. OTR measurements have shown an enhancement
of oxygen permeability of 90%. Therefore, the use of USS coating technique using purposedly
formulated sustainable formulations is a promising, novel approach to produce high
performance oxygen barrier layers on polymer films.
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