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1. Introduction

The main objective of the Public Policy Project in Bioeconomy (PPPBio) is to develop a Roadmap of the
Bioeconomy for Brazil focusing on Sdo Paulo State and more specifically on Campinas Region. The main idea
is to create the basis for a world-class ecosystem in bioeconomy for Brazil that could be replicated in other
regions and serve a model to boost Brazilian economic development.

Considering the necessary global effort and Brazilian Government commitments, the PPPBio Project
proposes the following vision:

The Brazilian economy, in the next 10-35 years, will experiment a transition towards the bioeconomy in
substitution of petroleum-based (fossil) economy. This transition will take place with the promotion of high
value sustainable bio-based products, derived from agriculture, food, health, bioenergy, and green chemistry,
will have to be effective, efficient, and advantageous from the environmental, social, and economic points of
view, in order to consolidate the expansion of the Brazilian economy and its participation worldwide.

From this Vision, three objectives arise: (i) reduce GHG emission, (ii) increase number of formal jobs and (iii)
create new products (Cortez, 2016):

- Create a new
economy based on BIO

- Brazilian Bioeconomy
go from present 20%
to 30% in 2025 and
40% in 2050

One of the important research topics considered in this project, previously selected and considered relevant
by the group of researchers from the members of the Agropolo Campinas-Brazil, are technology
development for new food and beverage packaging. The main goal of the 8" Workshop was to stimulate
debates on present actions, challenges, opportunities, and strategies for development of innovative
technologies for new food and beverage packaging. Further, to structure project research themes and to
allow a good interaction with private sector.

Thus, the content expressed here is based on what was discussed in the workshop (WS) sections mixed with
the opinions of the WS coordinators. Further, the summarized information presented here will serve as basic
information for the Bioeconomy Roadmap, which is the main goal of Agropolo initiative at this beginning
stage.

This WR presents the Desired products, technologies or processes, the Critical System Requirements, Large
Technological Areas and corresponding Technology Drivers, Present Scientific and Technological Capabilities,
Gaps and Barriers, and an Analysis of Technological Development Strategies.
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New Food and Beverage Packaging

The potential for innovations in food and beverage packaging systems is massive, as it involves not only the
industries related with the packaging production chains (inputs, equipment, materials and packages) but also
retail market, logistics operators and the food industry itself. One of the main features of the Brazilian
packaging market is the vast availability of raw materials, which makes the country almost self-sufficient in
the manufacturing of packages made of cellulose, metal, plastic and glass and with a great prospect for the
development of renewable materials. Nevertheless, there is still a lack of domestic technology directed to
the production of special resins, additives, advanced printing systems as well as other types of packaging
with high added value.

Playing a fundamental role both in conservation and in quality of foods and beverages, packages are part of
the product, that is, they should only be considered meaningful if their role is fulfilled. Hence, it is ultimate,
for performance and market, that packages be adequately developed and specified in order to assure
necessary product protection against external factors of deterioration, high performance during stocking and
distribution as well as effective communication with consumers.

Packages take an active part in logistic operations, which guarantee food distribution and society supply,
affecting the products cost and companies’ competitiveness.

The international food packaging market is expected to reach, by 2019, approximately 306 billion dollars,
being the highest increase expected for the Asian-Pacific area (MARKETANDMARKETS, 2017). In Brazil,
according to a macroeconomic study on the Brazilian packaging market, conducted by IBRE (Brazilian
Economics Institute) / FGV (Getulio Vargas Foundation), the gross value of physical packaging general
production reached, in 2016, an amount of R$64.3 billion (approximately 19.5 billion dollars), representing
an increase of nearly 6.6% compared to R$60.4 billion in 2015 (ABRE, 2017). From these amount, plastic
packages represented the largest share: 39.42%, followed by cellulose packages with 33.72% (adding up the
sectors of corrugated cardboard, with 19.04%, cardboard, with 9.47% and paper with 5.21%), metal
packages with 17.55%, glass packages with 4.94%, textiles for packages with 2.35% and wood with 2.02%
(ABRE, 2017).

The interfaces of food packaging systems with Bioeconomy are broad and significant. On the one hand, there
is a large potential for innovation in the production of packaging materials from renewable sources
(biopolymers, cellulose based materials, additives etc.). Simultaneously, packaging systems are essential for
conservation and for loss reduction of food and beverage, being thus a relevant element in the efficiency of
society supply and in waste reduction, optimizing economic and environmental costs in food production.

Based on data collected by the United Nations for Food and Agriculture (FAO, 2011), one third of worldwide
food production does not get to be actually consumed; being lost in the fields, during transportation, in retail
or wasted in homes and restaurants. These food losses and wastes entail economic and environmental
massive impacts. In 2012, losses were estimated in 936 billion dollars — which is nearly the value of GDP
(Gross Domestic Product) in countries like Indonesia and the Netherlands - and represented the emission of
4.4GtCO, eq. in 2011, or 8% of the total anthropogenic emission of greenhouse gases. When compared to
greenhouse gases emitted by each country individually, total food loss and waste would take third place in
the list, being placed only after China and the United States, as shown in Figure 1 (FAO, 2015).
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Figure 1. Seven highest levels of greenhouse gas emission vs. emission provided from food loss and
waste in GtCO,eq (base year 2011) (CAIT, 2016).

Considering the moment our society has been experiencing, with more severe effects from climate changes
being observed, as well as the increasing concern with exhaustion of natural resources, the pressure for
sustainable productions and consumption has also been raised. Adding to that, taking into account the
population growth for the next 20 years, we must have a huge challenge ahead in order to access good
quality and sufficient food on a regular and permanent basis.

Food losses are, in their most, associated with deterioration processes, which involve chemical, biochemical
and physical reactions and also microbiological growth and biological attacks. Packaging enables product
protection against these environmental reactions and actions, significantly reducing losses of in natura and
manufactured food. An adequate performance of packaging systems is especially required in countries like
Brazil, considering its climate conditions and geographic extension. Packages protective capacity is what
determines food and beverage expiration dates, consequently affecting the food industry distribution range
and strategies for allocating food manufacturing plants. Besides preventing deterioration and degradation,
packages also play an important role as they assure food safety after conservation processes, either thermal
or not.

Hence, packaging development and specification contribute in large scale both for a wise use of natural and
energy resources and for the reduction of greenhouse gas emissions, basic principles required for
Bioeconomy consolidation. Furthermore, packaging systems may also contribute to adding value to food
products and to brand strengthening, in domestic and exporting markets.

Bearing this scenario in mind, a discussion concerning the future of packaging from the perspective of
Bioeconomy is extremely convenient, given the potential for innovations in the production of high added
value renewable materials and taking into account the contributions packaging systems can make to
rationalize economic and environmental costs in food production.

Thereby, this roadmap is aimed at discussing some opportunities for Bioeconomy regarding packaging
systems, focusing on the production of materials originated from renewable sources and on the innovations
targeting physical, chemical, microbiological and mechanical food protection enlargement in a way that the
package role can be maximized. In order to simplify the identification of the potential for innovation and the
associated technological approaches, this discussion will address the following areas (Figure 2):
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Figure 2. Priority areas.

With the vast Brazilian potential for agriculture, it is ultimate that the country establishes a positive policy
providing support for the production of renewable materials and packages, benefitting our internal
Bioeconomy.

Packaging ability in keeping food and beverage safety and its influence an logistics and distribution processes
can be maximized by the use of active, smart and interactive packages new technologies. As a result, a
reduction in food losses along the production and distribution chains, as well as the decrease of food waste
found in consumers’ homes are foreseen.

Another segment which presents a great potential for innovation is the development of high performance
materials, featuring better barrier properties (against oxygen, water vapor, aroma and light), and/or high
mechanical resistance. This can enable the decrease of packaging weight without compromising its
performance. Another relevant issue is the improvement of chemical or mechanical recycling potential.

The safety certification processes of innovative materials and systems should keep up with the R&D efforts
and the technological evolution. Therefore, it will be necessary adopting new concepts, more sensitive
analytical resources and more accurate risk analysis.
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A. Materials and Packages from Renewable Sources

Section | = Desired Products, Technologies or Processes

Materials originated from renewable sources have been present in the market for a long time. Cellulose
materials are vastly utilized in the field of food and beverage packaging for the manufacture of folding
cartons, corrugated cardboard boxes, single or multilayer paper bags and flexible laminated packages.
However, the replacement of materials from non-renewable sources (especially oil derived) for those from
renewable sources has shown a growing demand and, despite huge technological challenges, it represents a
good opportunity for the Bioeconomy.

The world production of biomass is currently estimated in 100 billion tons (calculated as carbon) per year,
from which 13 billion tons (dry mass) represents the yearly growth of biomass originated from trees.
Therefore, the recovery and valorization of biomass from all sources is strategic for the production of new
materials and products, as well as chemical and fuel products.

The great variety found in structures and chemical components of the available biomass has been urging for
changes in traditional industrial processes, and creating a demand for new technologies in order to obtain
raw and intermediate materials, following the footsteps of bio refineries and nanocellulose production.

To facilitate this analysis, this roadmap will address biopolymers and advanced materials from nanocellulose
in separate topics.

Biopolymers

Biopolymers are polymers or copolymers produced with raw materials from renewable sources. Biopolymers
and biodegradable polymers are commonly used as synonyms, what is an error, as there is the existence of
biodegradable biopolymers, as starch and poly(lactic acid) — PLA and non-biodegradable, as polyethylene
from renewable source. In other words, many biopolymers are biodegradable though not every
biodegradable polymer is derived from a renewable source, as the example of polycaprolactone.

Biodegradable polymers are, thus, materials which suffer deterioration from their physical and chemical
properties and become eventually thoroughly decomposed by microbiological activity, generating CO,
and/or methane, water and an inert compost. Standardized methods, following technical norms, can be
applied to detect whether materials are biodegradable and compostable or not (ABTN, 2008; ASTM, 2012).
Being biodegradable, by itself, is not a creditable feature; the term should also involve possibilities for post-
consumer solid waste management, through composting (aerobic biodegradability) or biodigestion
(anaerobic biodegradability followed by methane energy recovery). With respect to Brazil, where these
facilities for urban solid waste management are scarce, biodegradable materials are indeed a restrainer and
the alternatives for mechanical and chemical recycling are far more sustainable.

Biopolymers can be classified in three main categories, according to their origin and production method,
namely:

1. Polymers extracted straightly from biomass, by extraction and separation, and capable of being
chemically modified for functionalization: polysaccharides (starch, cellulose, chitin/chitosan, gums,
etc.), protein from animal and vegetable sources (casein, whey, collagen, soybean protein, etc.),
and lipids.

Materials and Packages from Renewable Sources
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2. Polymers produced by conventional chemical synthesis using monomers obtained from renewable
sources: PLA, polyethylene from renewable sources — bioPE and poly(ethylene terephthalate) —
bioPET produced with ethylene glycol derived from sugarcane (nearly 30% from renewable
sources). Monomers and their precursors are usually generated through direct fermentation (one-
step conversion by fermentation route), although there is great potential for evolution of
production through biorefineries, on different platforms.

3. Polymers directly synthesized by microorganisms, either genetically modified or not:
polyhydroyalkanoates (PHA, PHB, PHV, PHBV) (ROBERTSON, 2013; WEBER, 2000).

In 2016, the world capacity of biopolymers production was 4.2 million tons, being packaging market the
segment where they were most employed, corresponding to 39% of this volume or 1.6 million tons
(EUROPEAN..., 2017).

Biopolymers are mostly used in non-food packages (cosmetics, bags, small tubes for agriculture, etc.), as the
use of some types of biopolymers in food packages is still under safety analysis for food contact (see item D).
There are also performance restrains due to the fact that a large number of them is hydrophilic and has gas
and aroma barrier properties which depend on relative humidity conditions. Nevertheless, there is a rising
demand for biopolymers to be used as organic food and premium brands food packages, once these
products have higher added value and/or are linked to health and sustainability claims.

In the next 10 years, plastic world market is expected to continue growing at the same rate observed in the
last 50 years. According to specialists, under the same time biopolymers may acquire between 1.5% and
4.8% of the whole plastic market, what would take biopolymers world market to approximately 12.5 million
tons, due to the amount of research on the development of new resins from renewable sources (ROSATO,
2015).

Biopolymer barrier properties are, frequently, of lower quality compared to conventional polymers.
Consequently, a continuous development of polymers, aiming at enhancing their barrier proprieties, for
instance, through the use of composites, nanocomposites and coatings, must amplify their applications for
food products (SIRACUSA et al., 2008).

There are a large number of companies that manufacture biopolymer blends to improve their proprieties or
reduce the final product costs, which are usually quite higher than those of conventional polymers.
Biopolymer blends, made of starch with compostable aliphatic polyesters, for instance, have been used by
the market due to a better economic feasibility (CIRILLO; SPIZZIRRI; IEMMA, 2015).

Polymers produced by conventional chemical synthesis using monomers from renewable sources have
shown easier applications, once their properties are identical to those of the same resin produced from fossil
sources and whose characteristics and performance have already reached an optimal level as food contact
packages and are, hence, able to be recovered in the same recycling chains.

Biopolymers obtained from agribusiness waste, covering from agriculture and livestock to food industry
productions, have been named third generation bioplastics and have shown great potential for innovation,
as they value waste and secondary products along the production chain, and do not compete with food
supply. This concept is in line with the circular economy approach (THIRD GENERATION..., 2017).

Materials and Packages from Renewable Sources
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Therefore, regarding the extension of agribusiness in Brazil, one can identify significant competitive
advantages in the production of biopolymers from byproducts or losses originated from food production
chains, what must certainly lead technological routes and investments in RD&I.

Nanocellulose applied to packaging materials

Cellulose is the most abundant natural biopolymer present in the biosphere, being the main component of
wood, stems and leaves and also produced by some bacteria, fungi and marine invertebrates. It is composed
by repeated units of cellobiose, a glucose dimer where each glucose molecule is linked by a BETA — 1,4-
glycosdic bond (Figure 3). In nature, these cellulose chains are organized in a way to form nano and
microfibrils, which are aggregated to microfibers and fibers, in a hierarchical structure obtained with
hydrogen bonds (Figure 3). Cellulose is a highly crystalline polymer varying the crystallinity depending on its
origin.

Nanofibrils are extracted through mechanical shear forces applied to cellulose fibers. The cut destroys plant
cell walls, releasing cellulose microfibril bundles and, then, breaking down hydrogen bonds that had kept
them linked longitudinally allowing nano fibrils to be released. This process can be aided by chemical or
enzymatic pretreatment, facilitating defibrillation during mechanical treatment. Nanofibrils measure about
20-40 nm of diameter and vary in length reaching even some micrometers. Fibrils obtained from plants are
usually extremely branched and flexible.

Cell wall
Microfibrils
Macrofibrils >§
/ _.;-t—-“‘-‘-._‘.

b W o rOH " "
0 o2t /. Mo Jn oml Nanofibrils

: T e o e

AL DN rf‘-f-«/
¥ ROH ¥ wl 4 OH
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Crystalline regions ‘“*-\.,\__h
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——
Strong acid hydrolysis

Nanocrystals

Figure 3.Representation of cellulose structure and nanocrystals production by acid hydrolysis of microfibrils
(adapted from HALTERMAN, 2015).

By using strong acids, the hydrolysis of these structures can cause the rupture of glycosidic bonds presented
in cellulose amorphous areas, more accessible, releasing crystalline particles of nanometric size, called
cellulose nanocrystals or nanowhiskers (Figure 4). The most common hydrolysis method used is sulfuric acid
based once this acid can introduce some few sulfate esters to the nanocellulose surface area, making it
easily water dispersible. Other types of techniques used are mechanical refinery, the use of chloridric acid or
enzymatic hydrolysis, which do not change the superficial chemical characteristics of the particle. Cellulose

8
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nanocrystals are presented in rod shape, 3-20nm wide and 50-2000 nm long, and are highly crystalline, 60-
90% depending on their origin and analysis method.

Methods regarding cellulose nanocrystals and nanofibers production have been constantly evolving in order
to enhance efficiency, yields and manufacturing costs.

Despite the current research focus on wood pulp derivatives, a large range of other plant sources, as cotton,
potatoes, bamboo, sugarcane, coconut shells and other farm waste, can also be employed in nanocellulose
production.

Nanofibrils and nanocrystals have been identified by the acronyms CNF and CNC, respectively. Nanocellulose
produced by microorganisms has been called bacterial nanocellulose (BNC). As nanostructured materials, we
can mention cellulose microfibrils (CMF) and cellulose microcrystals (CMC).

Terminology used for nanocellulose is still under construction and it is expected that different terms,
according to its source (plants, bacteria, seaweed, tunicates, etc.), would be created in the future. There will
be also the need of establishing parameters for its properties as particle size (width or diameter), aspect
ratio, surface charge, degree of polymerization, crystallinity, sulfate groups, degree of sulfonation and others
(TAPPI, 2014).

All in all, nanocellulose is, thus, a class of renewable nanomaterials that constitute a new technological
platform, as the intrinsic physical-chemical properties of particles in nanometric scale enables the
manufacturing of new materials and devices to be used in traditional or completely innovative applications.

Despite long existing, research and development related to nanocellulose production and applications have
been intensified in many countries, since 2009, especially in Sweden, Finland, Norway, France, Canada, the
USA, and Japan (AN; CHENG; SHEN, 2017).

The possibilities of nanocellulose applications are almost limitless. Nanocrystals, for example, are light,
though more rigid than Kevlar  and eight times more tensile resistant to steel. They can be electrically
conductors, highly absorbent and thermostable. Nanocelluloses can be used as additives or fillers, as coating
or films. Another interesting method is electrospinning, through which fine layers of polymer fibers
combined with nanocellulose are deposited.

Both academic and industrial research have shown there is a large spectrum of possible applications in the
fields of paper, packaging, construction materials, medical products, electronics, automotive, among others
(TAPPI, 2014).

Nanofibrils and nanocellulose nanocrystals have already been under production on pre-commercial and
commercial scales. They have especially been used in research in order to explore new applications and
technological processes.

Some of nanocellulose commercial applications are already being traded, even though there is still much to
de developed. These nanomaterials present a great range of possible applications, which include high
volume (as paper, packaging, textile, non-textile and cement industries), high value (as additives for drilling
fluids used in oil and gas industries, food rheology modifiers, cosmetics and pharmaceuticals, as well as
structure materials for automotive and aeronautics industries), and new/emerging options (for instance,
organic diodes for light emission, photonic films and sensors). A close partnership between industries and

Materials and Packages from Renewable Sources
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academic world is of great importance to enable the development of new commercial markets aiming at the
use of nanocellulose on every field of industry (AN; CHENG; SHEN, 2017).

Regarding the packaging field, some possible nanocellulose applications are (SHATKIN et al., 2014):

v

<\

On a mixture with starch in the manufacture of expanded structures (foams), due to its ability of
reinforcing the cells in the starch foam.

As paper and cardboard reinforcement, increasing their dry and wet tensile strength, and therefore
reducing package weight.

As paper filler or coating, promoting barriers to oil and fat, and to oxygen.
As paper coating to enhance ink adhesion.

In nanocomposites with renewable or non-renewable plastic resins, for packaging manufacturing by
extrusion, injection or blow molding. These applications are expected to increase stiffness, tensile
resistance and gas barriers. Nanocomposites are more simply produced with hydrophilic resins as
hydrophobic resins demand the use of compatibilizers or the alteration of nanocellulose surface
properties.

Addition of CNF to paper, in order to increase the inorganic coating layer. It also allows the
substitution of synthetic binders in paper and the improvement of printing properties.

As coating for tridimensional objects as bottles, cups and trays, with extremely thin particle layers, of
different properties, which are deposited alternatively by immersion or spraying. This process
enables the creation of structures with specific properties like gas barrier, antimicrobial action and
water resistance.

CNF films, such as those produced at the pilot plant of VTT Institute in Finland, can be used as
substrates for flexible laminated structures. These films are transparent, with a smooth surface and
constitute a barrier to oxygen and fat (QUINTUS; KANGAS, 2015).

Section Il — Critical System Requirements

The critical requirements for new renewable source materials for food and beverage packaging are:

Biopolymers

v
v

Production scale.

Competitive cost compared to traditional resins and cost compatible with the price of food or
beverage.

From low-cost and abundant source, without competition with food production or land use.

Good performance for food and beverage protection, which applications require barrier properties
to gases, aroma and water vapor, mechanical resistance (internal pressure, impact, compression,
tearing, traction, elongation, etc.), chemical resistance, thermal resistance, etc.

Recovery and recycling options available for the post-consumer phase.

Food contact approval, considering the foreseeable application.

10
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Nanocellulose applied in packaging materials

Production scale.

Uniform properties, what is dependent on the coating uniformity and particle distribution.
Properties suitable for good performance in food and beverage protection.

Large-scale commercial packaging process (film and paper coatings, expanded packaging etc.).
Compatibility with hydrophobic polymers in the case of nanocomposites.

Safety for use in food contact.

AN NN N N RN

Exposure and risks to workers and the environment.

Section lll — Large Technological Areas

Competitive cost with traditional resins and cost compatible with the price of food or beverage.

Technological fields related to the development of biopolymers and nanocelluloses for food packaging

applications are:
Biopolymers

v" Molecular biology

Biotechnology (fermentation and enzymology)
Metabolic engineering

Analytical chemistry

Catalysis

Genetic engineering

Plant breeding

AN N N Y

Materials engineering

Nanocelluloses

Macromolecules chemistry

Nanotechnology

v
v
v" Biotechnology
v" Materials engineering
v

Chemical and process engineering

11
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Section IV — Technology Drivers

Critical variables used to select technology alternatives for the production of both biopolymers and
nanocelluloses for food packaging applications are:

v" Environmental impacts along life cycle to be similar or inferior to those caused by traditional
polymers (eutrophication, toxicity, ecotoxicity).

Low emission of greenhouse gases along life cycle.

Use of renewable sources.

Reasonable water use.

Production based on byproducts and waste originated from food or biofuels production chains.

Recyclable product.

AN N N S

Cost competitiveness in face of large volumes required by food packaging applications.

Section V — Current Scientific and Technological Capabilities
Biopolymers

Biopolymers research is highly spread in Brazil and abroad. Some of the institutions, which develop work in
this field, are listed below.

In Brazil:

Brazilian Agricultural Research Corporation (EMBRAPA) - Instrumentation - S3o Carlos, SP

National Nanotechnology Laboratory for Agribusiness — development of starch, collagen, and chitosan fine
films through continuous casting technique using water-based formulations; development of
nanocomposites using synthetic clay for mechanical improvements.

University of Campinas (UNICAMP) — Faculty of Chemical Engineering — Campinas, SP
Department of Materials Engineering and Bioprocesses: development of films, blends and composites based
on biopolymers.

University of Campinas (UNICAMP) — Food Engineering Institute — Campinas, SP
Department of Food Engineering: development of edible film production, using Brazilian raw materials, for
food packaging and coatings.

University of Sao Paulo (USP) — Faculty of Animal Science and Food Engineering — Pirassununga, SP
Laboratory of Food Technology (LTA/ZEA): development of edible films from gelatin and other raw materials.

University of Sao Paulo (USP) — Philosophy, Sciences and Philology Institute (FFCLRP), — Sao Paulo, SP
Department of Chemistry: development of biodegradable plastic films from starch matrices found in
agriculture wastes of turmeric, babassu and annatto. Formulation also contains antioxidant compounds.

University of Sdo Paulo (USP) — Research Center for Environmental Education and Research (Cepema) and
Federal University of Sao Paulo (UNIFESP) — Department of Marine Sciences - Sdo Paulo, SP

12
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Prospection of methanotrophic bacteria, capable of transforming methane and methanol into polymers as
polihydroxibutyrate (PHB) and others.

Food Technology Institute (ITAL) - Packaging Technology Center (CETEA) - Campinas, SP
Biopolymers characterization based on their barrier and physical mechanical properties.

Braskem SA - Research Center for Renewable Chemicals -Campinas, SP
Research on biotechnology and renewable processes, applying metabolic engineering/ bioinformatics,
fermentation, bioprocess engineering, analytical chemistry and enzymology.

Abroad:

Michigan State University, School of Packaging - New Brunswick, USA

Department of Chemical Engineering & Materials Science — development of biopolymers and thermoplastic
compounds reinforced with natural fibers, studies on biodegradation and composting; engineering and
development of blends of natural and synthetic polymers.

Fraunhofer Institute for Process Engineering and Packaging — IVV - Freising, Germany
Materials Development — Biopolymers development for flexible packaging applications (paper and films).

Italian Institute of Technology (lIT) - Genoa, Italy

Smart Materials Group - development of new composite materials combining various polymers and changing
their properties by introducing nanofillers or organic molecules to the matrices. Use of natural polymers
mainly from plants or biodegradable polymers, in order to develop new advanced composite materials.

Italian National Research Council (CNR) - Italy
Biopolymers film production for packaging application by using agribusiness wastes.

University of Basque Country (UPV/EHU) - Polytechnic School - Spain

BIOMAT Research Group- valorization of industrial by-products or wastes to obtain raw materials,
modification of biopolymers to improve functional properties, optimization of processing conditions and
methods in bioplastics manufacture, availability of composting as the end of materials life, and life cycle
analysis of products and processes to assess environmental impact of bioplastics.

Nanocellulose applied in packaging materials

Various are the institutions and companies, mostly located abroad, which dedicate their work to the
development of materials based on nanocellulose.

In Brazil
Brazilian Agricultural Research Corporation (EMBRAPA) - Tropical Agroindustry - Fortaleza, CE
In partnership with other areas of EMBRAPA and with Federal University of Ceard, research is made to

enhance the production and characterization of nanocellulose from agroindustry wastes, as coconut fibers,
banana pseudo stalks, mango wastes, unripe coconut, and bamboo, among others.

13
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National Center for Energy and Materials Research (CNPEM) - National Laboratory for Bioethanol Science
and Technology (CTBE) — Campinas, SP

Research for obtaining and characterizing cellulose nanocrystals as coproducts in order to obtain cellulosic
ethanol (integrated to sugarcane biorefineries).

University of Campinas (UNICAMP) — Faculty of Chemical Engineering — Campinas, SP
Laboratory of Fiber Materials Characterization: Modification and Application — Technology development for
obtaining nanocellulose fibers from non-refined and non-pretreated cotton fibers.

Abroad

Institut Polytechnique de Grenoble (Grenoble Polytechnic Institute) - INP, France

PAGORA - - International School of Paper, Printed Communication and Biomaterials, Laboratory of Pulp and
Paper Science

Substantial experience obtaining, characterizing and developing nanoparticle applications from biomass,
particularly cellulose and starch nanocrystals, and cellulose nano and microfibrils. Research on nanocellulose
functionalization to assure nanocomposites compatibility and on interactions between packaging materials
and products, especially for the creation of active and smart packages. Broad experience with nanofibrils
development for packaging aiming at barrier and antimicrobial properties improvements.

RISE Research Institutes of Sweden

Division of Bioeconomy — Biobased Materials — Work on the concept of biorefinery, with total use,
optimization and appreciation of all by products during wood pulping process. Owner of the “LignoBoost”
patent for extraction of lignin from black liquor. In 2011, they were the pioneers to build and operate a pilot
plant for CNF production and are, currently, a role model in the production of nanocellulose and
nanocellulose high performance materials in large scales.

Karlstad University, Karlstad, Finland

Department of Engineering and Chemical Sciences — conducts research in the areas of functionalization of
surfaces, development of materials based on nanocelluloses, applications for lignin, nanocomposites and
active packaging.

VTT Technical Research Center of Finland, Espoo, Finland

Research on the entire nanocellulose production chain — from the selection of raw materials to the
development of production processes and modification of nanocellulose material according to the needs of
different applications. VTT Technical Research Centre and Aalto University have developed a pilot-scale
method to manufacture nanofibrillated cellulose films. The method enables industrial scale roll-to-roll film
production, which is suitable for specific packaging applications, or used in several added value applications
of printed electronics and diagnostics.

University of Maine, USA
Owner of a pilot plant for both CNF and CNC commercial production, with a per-day capacity of 1 ton, built
through a joint venture with the US Department of Agriculture Forest Service.

American Process Inc. - API, USA

Owner of a pilot plant for both CNF and CNC commercial production, employing AVAP® technology for
obtaining particles with modified morphology and superficial properties, by the use of lignin (hydrophilic and
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hydrophobic), for different markets. In April 2013, the Brazilian company in the field of industrial technology
and biotechnology, GranBio, acquired 25% of APl (ALTERNATIVAS..., 2017; KARGARZAEH et al., 2017).

CelluForce, Canada

First company to produce commercial CNC. Startup of FPI Innovations (Canadian Forest Research Center). In
2016, the Brazilian cellulose company Fibria acquired 8.3% of its market shares (ALTERNATIVAS..., 2017;
KARGARZAEH et al., 2017).

Other companies that already have a CNF production plant are Nippon Paper, Oji Paper and Dai Cal (Japan),
Borregaard (Norway), Namicell (France), Rettenmaier (Germany), Kruger (Canada), UPM Kymmene and Stora
Enzo (Norway/Sweden), among others.

Section VI — Gaps and Barriers
Biopolymers:

Despite the great amount of existing research and investments on biopolymers production, there are still
some limitations to overcome in order to enhance application and development of new polymers
alternatives from renewable sources in Brazil.

Technological limitations

v" Many of the current available polymers do not meet the requirements for food and beverage
packaging, unlikely bioPE and bioPET, which present the same characteristics as polymers originated
from oil.

v" Third generation refinery technological platforms are still under development.

v" Research on biotechnology applied in biopolymers production is still in academic level, with a few
exceptions as Braskem Research Center for Renewable Chemicals, for instance.

v Lack of investment in R&D, especially in high scale production routes.

Infrastructure limitations

v" Economies of scale (large productions), with exception to PLA and bioPE which have industrial plants
with a production capacity of around 100 thousand tons/year.

v" For biodegradable biopolymers, the infrastructure for composting and biodigestion of urban solid
wastes in Brazil is almost null.

v' Lack of investments on biorefineries.

Sustainability related limitations
v Social and environmental issues regarding the expansion of feedstock.
v Shortage of laboratories, in Brazil, capable and accredited for issuing renewable source certification.
v' Competition with other uses of feedstock and raw materials.
v" Land use issues related to producing plastic commodities from feedstock.
v" Narrow understanding of the value of renewable sources materials by the Brazilian population.
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v" Misunderstanding of biodegradability appreciation by consumers (and even researchers),
compromising the understanding of renewable sources materials value.

Policy limitations
v Lack of public policies motivating investments on biopolymers (development and adoption).

v" Delay in the adoption of basic practices determined by National Policy for Solid Waste, as extinction
of landfills and building of composting plants.

v Lack of policies directing and managing investments in P&D&I to biopolymers production, with the
aim of reducing funds comminution and lack of objectiveness in the development process.

Economical limitations

v' Cost competitiveness of bioproducts compared to current supply of traditional products
(biopolymers costs are higher than oil derived polymer costs, preventing a commercial broader use
and restricting their market niches).

v Limitations in the amortization of industrial investments in new plants for biopolymers production.

v Availability of new biopolymers - supply risks as a result of a small-scale production, restricting, thus,
the application in market niches.

v Lack of financing alternatives.

Nanocelluloses

The main limitations for the development of nanocellulose applications in food packaging are described
below:
Technological limitations

v' There is still a vast potential for nanocellulose knowledge construction, ranging from CNCs and CNFs
intrinsic features - influenced by factors as particle morphology, surface chemistry, and crystallinity
degree, strongly related to cellulose sources and defibrillation as well as to acid hydrolysis processes
conditions - to various techniques related to particle functionalization.

v" The processes of nanocellulose functionalization are still under development, although many have
shown great potential for practical application.

v" Options for compatibilizers of nanocelluloses with hydrophobic resins, such as polyethylene or
polypropylene also need to be better exploited.

v' Many of the applications demand solutions for the control of humidity sensibility of cellulose
macromolecules.

Infrastructure limitations

v" Only a few laboratories in Brazil own proper facilities for development and characterization of
nanocellulose based materials.

v’ Brazil does not hold nanocelluloses commercial production.
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Sustainability related limitations

v' There is still a great quantity of power and water consumed in traditional processes of CNF and CNC
production although evolution of technologies has been growing at high speed.

v In traditional processes, a large consumption but no recycling of sulphuric acid occurs, demanding
proper effluent management.

Policy limitations

v Brazil is not in possess of a specific development plan for nanocellulose-based materials, despite the
abundant biomass availability.

Economical limitations

v Costs of energy and chemical inputs for CNF and CNC production is still high, especially for markets
with low added value. However, new technologies have already been developed for rationalization,
as AVAP® Technology which belongs to the company American Process Inc., and HefCel Technology
developed by the Finnish VTT, among others.

Section VII - Analysis

The production of biopolymers for application in food packaging, despite being already a reality, has still
great power of evolution, provided that its research and development are guided by those drivers enlisted in
Section IV. Table 1 presents technological alternatives and respective maturation status, based on Brazilian
current scenario.

The technological development aiming at nanocellulose production and application has been extensive in

the last decade. With the focus on the market of packaging, Table 2 presents, in detail, an analysis of
alternative technologies and respective maturation status.
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Table 1. Technological alternatives and corresponding maturation status for biopolymers production.

AGRCULTURE

Critical matter Technology Current 2030 2040
Direct use of biomass Medium Medium Medium
Direct biopolymer production by microorganisms Low Medium Medium
P'roductlon of monomers precursors through direct fermentation Medium High High

. (in one stage)

Technological Techmolonical Dlatt r Toct r

Route/Source echnological p ?t orms. or pro _uctlc_m o. monomers precursors Low High High
through conventional biomass biorefineries
Technological platforms for production of monomers precursors
through biorefineries of biomass from wastes of the food and Low Medium High
biofuel chain
Production of monomers from their precursors Medium High High

Assessment of L . .

. Application of Life Cycle Assessment — LCA for mensuration and . .
environmental . . . Low High High
. interpretation of environmental aspects
impacts

Development and application of additives from renewable sources Medium High High
Development of thermoplastic blends and/or multilayer structures Medium High High
Enhancement of Biopolymers with good intrinsic properties Low High High
properties poly g prop g g
Molecules functionalization Medium High High
P.roductlon of composites and nanocomposites based on Low High High
biopolymers
Reverse logistics including post consumption biopolymers Low Medium High
management
Post-Consumer
R li hnology for biopol in thei hai
recovery and ecyc ln.g_t_ec _no ogy for biopolymers in their own chain or by Low Medium High
. compatibilization
recycling
Biodigestion applied to urban solid waste management Low Medium High
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Table 2. Technological alternatives and corresponding maturation status for development of nanocellulose
for packaging application.

Critical matter Technology Current 2030 2040

Production using cellulose from wood Medium High High

Production using cellulose from other sources of biomass

. . Lo Medium High
(agricultural waste, for instance) W 1 's
CNF and CNC Prod_uction in integrati_on with biorefineries for the processing of Low Medium High
. hemicellulose and lignin
production
Chemical and enzymatic pretreatments for fibrillation optimization Low High High

Toxicological studies for the assessment of possible occupational
and environmental hazard effects caused by nanoparticles of Low Medium High
cellulose and creation of safety protocols if necessary

Assessment of
environmental
impacts

Application of Life Cycle Assessment — LCA for mensuration and

. . . Low High High
interpretation of environmental aspects

Characterization of particles regarding intrinsic properties,
examining the potential of different cellulose sources (ex. particle
size and distribution, shape, degree of branching, specific surface Low High High
area, composition, surface charge, surface chemistry, crystallinity,
purity and contamination etc.)

Functionalization of nanoparticles to enhance compatibilization

with hydrophobic resins (laboratory scale and pilot plant) Low High High
Appllcathn of nanocomposites with functionalized particles in Low Medium High
Development of commercial scale
lications i — -
app |ca. ions in Application of nanoce.zllulose for improvement of paper and Low High High
packaging cardboard (commercial scale)

Development of manufacturing processes for nanocellulose based
packages (coating, extrusion, injection, blow and/or specific Low Medium High
processes as electrospinning)

Reverse engineering: production of particles and manufacturing
processes development aiming at required properties by Low Medium High
markets/specific applications

Assessment of materials and packages for food contact safety Low High High
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B. Active, Intelligent and Interactive Packaging

Section | — Desired Products, Technologies or Processes

Active, intelligent and interactive packaging are a range of technologies which enablle packages to act on the
product, to control and document parameters, and interact with supply chains and/or with consumers,
consequently enlarging the limits of traditional packaging applications. The main technologies currently
available are presented in Figure 3, which shows the large range of applications for food and beverage
markets.

Ethylene il S0, C0, Ethanol Active gas
scavenger emitter emitter emitter emitter

Modified i
atmosphete  Emmitters 3o e

packaging
1

Liquid Antimicrobial

absorbers [l packaging release

valves

1 _—

Active
packaging

Food & | _TRorrmeeesy : Transport . Final
Beverage Pmllllction Packaging & Logistic Retail Rofiinior

Intelligent Interactive

packaging packaging

_ [ I 1
Radic Two-dimensional ~ Near Field Holographic
requenc) _barcode Communication Images
Dentificatio (Ex: QRCode) (NFC)

e I,:I__ll
temperature ng:&'gral
indicators

Augmented Web
reality access
Freshness &
indicators
Maturity
indicators PSIE:;E?I

_ Gases
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Thermochromic
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Figure 3. Active, intelligent and interactive food packaging systems.

Active packaging may contribute to the solution of both food-security and food-safety problems, by
extending shelf life of processed and minimally processed food, preventing food loss, post-process
contamination, and possible public health issues due to foodborne infections (Figure 4).
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The first active packaging focused on presenting the active agent in sachets. Later, the focus changed for the
incorporation, dispersion or immobilization of the active agent to the package material (single or multilayer),
in caps, wine cork, cap sealers, labels and tags, as a way of maximizing active packaging efficiency and
minimize problems which may arise from the inclusion of an extraneous agent to the product inside the
package. This could lead to misinterpretation by consumers or damage in production lines. Another way of
incorporation is through coatings applied to plastic or cellulose packages or coatings applied to the food
itself, as edible films (Figure 4).

The diversity of applications aims at meeting specific requirements for different food categories
conservation. Therefore, it is necessary to understand and control specific mechanisms of deterioration
present at each product. This knowledge will allow a tailor-made functionality of active and intelligent
packaging.

Post-process Economic
protection loss prevention

Food Extended

safety shelf-life

Figure 4. Principal advantages brought by active food packaging and presentation possibilities of (CIRILLO et
al., 2015).

Antimicrobial packages, besides contributing to safety, quality, and extension of the product shelf life, may
reduce the potential of processed products recontamination, simplify treatments for elimination of
packaging materials contamination and promote self-sterilization, at least theoretically, of some acid foods
and beverages, as fruit juice for example. They are proper for non-sterile food, reducing microbial growing,
and for pasteurized food, keeping stability and preventing post processing contamination (HAN, 2000).

The term “intelligent packaging” describes the following packaging characteristics (partially or fully present):
proper identity, monitoring of product and/or environment conditions, communication, traceability,
information recording and decision-making tool (SCHILTHUIZEN, 1999; YAM et al., 2005; DAINELLI et al.,
2008; VANDERROOST et al., 2014; DOBRUCKA et al., 2014; NOLETTO et al., 2017).

With the expansion of new technologies, intelligent packaging systems have been dismembered, and a new
category was created called “interactive packaging”, which are able to interact with consumers through the
use of technologies to access information about the product, manufacturer, promotions etc. The expectation
of their impact on the market is of such importance that the Food and Drug Administration (FDA) has been
classifying the information from interactive packages as product “labeling” and, hence, the product
manufacturer would be the one responsible for the website information as if they were part of the
packaging label.
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The application of active and intelligent packaging has been enlarging and diversifying the categories of
options in the last years. The focus of the development has also been changing, turning from benefits to
manufacturers and retail centers, as extension of shelf life, for example, to benefits to consumers such as
freshness, quality and information. Retailers must also be interested in this technology in order to improve
efficiency, reduce losses and keep quality along the whole distribution and marketing chains.

The main technologies currently employed on active, intelligent and interactive packaging are:

Absorbers and emitters

Oxygen absorbers have the goal of protecting products against degradation from oxidative reactions, which
bring loss of sensorial properties (as flavor, color and odor) and of nutritional value; CO, absorbers are used
in roasted and ground coffee packages to minimize package puffing; ethylene absorbers slow down fresh
fruit ripening process and humidity absorbers/controllers protect products against humidity gains. We can
also find_off-odor and cholesterol absorbers.

The inverse function, played by emitters, also increases stability and assures the quality of various products,
such as: antioxidant compounds emitters, retarding oxidation reactions, and antimicrobial agents, as ethanol
emitters (against mold), CO, emitters (fungistatic and bacteriostatic actions), and SO, emitters (antifungal
action). Besides those, one can also find food enhancing, enzymes and nutraceutical compounds emitters.
Last generation of emitter active packaging have been known as Controlled Release Packaging- CRP, that
means, they release active agents in a controlled way during storage.

Antimicrobial agents

Antimicrobial structures assume that microbial growth occurs superficially on most solid and semi-solid
foods. Adding an antimicrobial agent to the package material can enable a reduction in the level of
preservatives in the product, meeting a trending demand of consumers nowadays, who search for minimally
processed food and free of or without preservatives. Antimicrobial packaging systems can be classified into
two types: one in which the active agent migrates to the food surface (the emitters mentioned above) and
another which is effective with no need of migration, acting by direct contact between the package surface
and the food (SUPPAKUL et al., 2003).

As most of antimicrobial agents present different mechanisms of action, a compounds blend may enhance
effectiveness through their synergy. Most commonly studied antimicrobial agents are: acids, anhydrides and
organic salts, enzymes, bacteriocins, fungicides, natural extracts, gases, silver ions, among others.

Active agents may be presented as sachets/pads (ethanol, SO,), injected in packages head space (CO,),
incorporated to packaging materials or even, as some polymers with natural antimicrobial activity, as
chitosans and irradiated polyamides, for example.

Many antimicrobial agents with a possible use in packaging have the advantage of a natural origin or of
being already approved by competent authorities to be used as food preservatives, what promotes an easier
compliance with the current legislation requirements. Nevertheless, this is not to be seen as a limiting factor
to the study of other compounds, which show large antimicrobial potential, though not yet approved.
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Indicators

Indicators provide information about a condition to which the product is subject or was submitted, as high
temperatures exposure, for instance. This information is provided, in general, as visual information, color or
intensity changes, and indicates the presence or absence of a substance, the extension of two or more
substances reaction, or the concentration of a substance or specific class of substances. Among the main
parameters identified by indicators, we can enlist: time, temperature, gases (CO,, 0,), and organic vapors
(DAINELLI et al., 2008; VANDERROOST et al., 2014; GHAANI et al., 2016).

In spite of a large range of indicators, all may be reasonably included in one of three categories (GHAANI et
al., 2016):

v Visual indicators of time and temperature: temperature is usually the most important environmental
factor to play a role on food deterioration. Indicators of time and temperature (TTls) provide visual
information about temperature records during distribution and storage, being especially useful for
warning about refrigerated or frozen foods temperature abuse (VANDERROOST et al., 2014). There
are also indicators of temperature and geolocation.

v" Freshness indicators: provide immediate information about product quality in relation to microbial
growth or chemical changes in foods. Microbiological quality may be visually noticed due to
reactions between microbial growth metabolites and integrated indicators inside the package.
Freshness indicators may also be used to provide an estimate on the remaining shelf life of
perishable products (VANDERROOST et al., 2014).

v" Gas and vapor indicators: provide qualitative or semi-qualitative information about modifications in
the composition of the packaging head space (CO,, 0, organic vapor, etc.) through visual
colorimetric changes, what is quite useful in modified atmosphere packaging (MAP) (VANDERROOST
et al., 2014).

Sensors

Sensors are used to detect, locate or quantify energy or matter, providing a sign for physical or chemical
properties measurement. These devices can not only send information in a remote way, but also collect and
store data.

They have been considered the most promising and innovative technology for the future of intelligent
packaging systems. They are composed of a device or a system formed by an electronic receiver and a
processor, an interconnection net and a software. In practice, a sensor answers to a chemical or physical
quantity in order to produce a quantifiable output proportional to the measure. Adding to data collection
and storage, these devices are also able to send information in a remote way. More advanced sensors
technologies, which can be applied to intelligent packaging, belong to three main groups: physical , chemical
sensors and biosensors. The main difference between chemical and biosensors is in the recognition layer.
While in chemical sensors the receiver is a chemical compound, the recognition layer in biosensors is made
of biological materials as enzymes, antibodies, antigens, phages and nucleic acids (WANG, 2006).

RFID tags

RFID (Radio-Frequency IDentification) tags are the most advanced example we can have of a data storage
device. A RFID system includes three main elements: a) a tag made of a microchip connected to a tiny
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antenna; b) a reader, which broadcasts radio signal and receives responses from the tag, and c) middleware
(a local net, web server, etc.) that acts as the bridge between RFID hardware and business applications. Two
important features of RFID technology are: a large variety of codes which can be stored in the tag, and the
possibility of transferring and communicating information even through long distance, thus enhancing
identifying and tracking automated operations.

The possibilities of using RFID systems in packages promote a high perspective in logistics. Data to be
obtained can include from cargo tracking, monitoring of environmental parameters as temperature, relative
humidity and gas concentration, for example, to the record of accelerations caused by transport mode,
obtained using sensors that can be added to the tag. As a result, it may be possible to run complete reports
about what occurs to the package/product along the distribution chain (GHAANI et al., 2016; NOLETTO et al.,
2014).

Two-dimensional Bars Code

The two-dimensional bar codes as Quick Response Codes (QR codes) works as an access key and promotes
the access to information as in a website, a video, an app, etc. It is used through a smartphone camera and a
program created to read the two-dimensional code. Some food packaging in Brazil has already adopted this
technology.

Near Field Communication (NFC)

It enables data transmission between objects in short distances. Its usage is similar to QR-Code regarding
data transmission (for instance: providing more detailed technical information about the product) from the
package to the consumer’s smartphone, not requiring, for example, the physical presence of a salesperson
to clarify clients’ doubts.

Having in mind the large variety of possible products to be developed using these active and intelligent
packaging concepts, it is important to identify what types of products are of most interest for Brazilian
economy, what is the acceptability level by users and what are the restrictive factors for their adoption
according to brand owners, packaging converters and technology providers.

In a first analysis, we can mention packaging systems capable of absorbing oxygen and with antimicrobial
action as some of great interest for the country, having in mind the high importance of meat products for
our domestic market and exportations. Active packaging systems are also of high importance for the control
of plant physiology, very suitable for fruit preservation. The technical viability of these active packaging is
conditioned to their efficiency under different processing, storage and distribution conditions for the
mentioned food categories; to their suitability to packaging manufacturing process, to the available
packaging facilities and to their compliance with food safety requirements.

Moreover, technologies that enable the traceability of the distribution chain and better communication with
the consumer are highly desirable for the evolution of packaging systems in Brazil.
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Section Il — Critical System Requirements

The critical system requirements for active, intelligent and interactive packaging are listed below:

AN NI NI NI NN

Effectiveness for the product or for the proposed product category.
Adequacy to packaging manufacturing processes and packaging stages.
Compliance with safety and environmental law requirements.

Economic viability.

Understanding and appreciation of the system by consumers and retailers.
Infrastructure for data collection and treatment (intelligent and interactive).

Section lll — Large Technological Areas

The development of active and smart packaging systems includes different food categories, with specific protection
needs, and countless possibilities of active and intelligent systems, what raises the need of different development
approaches, combining various knowledge areas. The large technological areas related to active and smart packaging
development are listed below:

AN N N N N NN

Food Science

Materials science and engineering
Chemistry.

Physics.

Electronics.

Telecommunication.

Information technology (IT)
Nanotechnology

Logistics and Transport

Section IV — Technology Drivers

The critical variables that guide the development and selection of technology alternatives for the production of active
and smart packages are:

Active packaging

v

v

Effectiveness for a wide range of foods. For the antimicrobial agent, a large spectrum of action, targeting
various types of microorganisms.

Effectiveness under different processing, storage and distribution conditions.

Action stability, with little influence of extrinsic factors, as humidity and temperature variations, that may
occur during storage and trading.

For the antimicrobial agent, capacity of keeping the growth process of targeted microorganism(s) inhibited
during the whole product shelf life.

Not affecting product’s functionality and organoleptic properties.

Speed of action compatible to the application.
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Control of active agent release kinetics.
Resistance to packaging manufacturing processes, when incorporated to materials.
Compact size regarding the active dose, that means, being effective in low concentrations.

Relatively simple and compatible to the existing packaging equipment found at the brand owner and to
product conventional packaging system.

No release and/or enablement of non-intentional contact between food and certain unsafe
substances/materials.

Safe migration potential.
No compromising of revalorization of packages in the post-consumption solutions.
Cost competitiveness for food and beverage packaging application.

Domestic availability to meet the food packaging market volume.

Smart and interactive packaging

4

AN N N Y N N N N N

DN N N NI NN

Easiness of direct printing of RFID antennas and indicators on the package (especially for refrigerated
products).

Possibility of RFID tags encapsulation in order to enable use in returnable packages.

Integration of RFID tags with sensors, allowing the use of this technology in electronic printing format.
Autonomy of power supplies to be used with sensors and RFID tags.

Compatibilization of the desired temperature range with sensor to be used.

For indicators/sensors, application range must be compatible with product shelf life.

Sensor specificity and threshold level to the substance to be measured/ detected in foods.
Reversibility of indicator, when necessary.

No information supply about food conditions that could lead consumers to misinterpretation.

Sensor selectivity, that is, ability to detect only useful information.

Flexibility of materials used in sensor manufacturing in order to allow their usage with a wide range of
packaging materials.

Miniaturization of sensors to enable assembling or integration to food packages.
Robustness of electronic circuits.

Low energy consumption devices.

Control and uniformity of production processes, as printing speed, drying, etc..
Safety in accessing data transmitted by sensors and indicators.

Low risk of biological components (present in biosensors) over foods.

Section V — Present Scientific and Technological Capabilities

Some of the institutions involved with the development of active and intelligent packaging are:
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In Brazil:

Food Technology Institute (ITAL) - Packaging Technology Center (CETEA) - Campinas, SP
Assessment of active packages efficiency for food applications.

University of Sao Paulo (USP) — Faculty of Chemical Engineering, Sao Paulo, SP
Development of packages which change color to indicate food preservation status. Use of a pellicle, similar
to packaging plastic films, made of cassava starch which is an organic and renewable raw material.

University of Campinas (UNICAMP) — Faculty of Chemical Engineering, Campinas, SP
Research on active packaging, with incorporation of actives in plastic materials.

Federal Universidade of Vigosa — Food Technology Department, Vicosa, MG
Studies applying nanotechnology for the development and production of active packaging.

Chapecé Region Community University (UNOCHAPECO) — Chapecé, SC
Studies on the use of biosensors to be added to packages and capable of identifying product temperature
variations and sending to a RFID chip.

Abroad:

Superior Council of Scientific Investigations (CSIC) - Microelectronic Institute of Madrid - Madrid, Spain
Development of a new generation of analytical methods based on micro and nanotechnology solutions to
assure safety and quality along food chains in agrifood industry, including the integration of chemical sensors
to flexible RFID tags.

Research and Technology Centre of Packaging, Transport and Logistics (ITENE)- Valencia, Spain
Studies on the development of active and intelligent packaging.

Fraunhofer Institute for Process Engineering and Packaging IVV - Freising, Germany
Studies on the development of active and intelligent packaging.

University Aldo Moro in Bari - Department of Chemistry — Bari, Italy

Investigation about systems of chemical detection printed in flexible plastic substrates for wireless
compatible applications. Applications are countless, from logistics to security uses. Research focus is on
smart chemical detection tags, of low cost and ultra-low power, for the detection of volatile chemical
products, by using radiofrequency identification (RFID), in order to evaluate food freshness and quality
traceability through packages.

Bremer Institut fiir Produktion und Logistik GmbH (BIBA) (Bremer Institute for Production and Logistics
GmbH) — Bremen, Germany

The project called “intelligent container” has developed a package, which is capable of catching temperature
changes through the use of a net of 10 to 20 wireless sensors. The sensors can measure product
temperature inside the package and biological models can calculate the effects of deviations in
environmental parameters on the product quality.

University of Santiago de Compostela — Santiago de Compostela, Spain
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Research on antioxidants extracted from food industry waste, added to polyethylene films to be used in
frozen fish packaging, in order to slow the process of quality loss.

Scuola Superiore Sant’ Anna — Pisa, Italy
Studies on implementation of RFID systems in primary packaging.

Lund University - Department of Packaging Logistics — Lund, Sweden
Studies on implementation of RFID systems in primary packaging.

Rutgers University - Department of Food Science - New Brunswick, USA
Studies on implementation of RFID systems in primary packaging.

Section VI — Gaps and Barriers

Various are the factors still limiting the success of active and intelligent packaging, among which:

Economical limitations

v" Complexity and high costs prevent the adoption of technologies. High costs can be attributed to
specialized and often sophisticated technologies. Active and intelligent components still represent a
significant portion of total package cost (DAINELLI et al., 2008; RESTUCCIA et al., 2010).

v" For brand owners, the balance between package cost and value perceived, by themselves and
consumers, is still unfavorable.

v’ Difficulties in adding value to foods and beverages at the same rate as the costs coming from the use
of these new technologies.

v' Some types of active and intelligent devices are not compatible with current packaging lines,
demanding investments for changes in industrial facilities and in storage and commercial
environment.

v Lack of scale that could eventually reduce technology costs.

Policy limitations

v' Law restrictions related to food safety: due to the deliberate interaction between food and/or its
environment, the migration of substances could represent a food safety concern in active packaging.
For instance, in Europe active components need to be registered in positive lists and limits of total
and specific migration must be respected. Regulation CE 1935/2004 (European Commission, 2004),
also describes that: “intelligent packaging must not supply information about food condition which
could induce consumers to mistakes; adequate labelling must enable the identification of non-edible
parts and indicate that materials are active and/or intelligent”, and that “consumers and food
companies must be informed on how to use materials and active and intelligent articles in a safe and
appropriate manner”. Regulation 450/2009, in turn, establishes the need of authorization for
substances with active and intelligent functions in materials to be in contact with food, or their parts
should be labelled with “DO NOT EAT”, so that consumers can identify non-edible items (COMISSAO
EUROPEIA, 2009).

v Lack of experienced professionals for understanding, developing and applying technologies of active
and intelligent packaging.
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Technological limitations

v

v

<
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Differences between the results obtained in research and technology development and the
performance found in real application environments have led to distrustfulness.

Complexity of foods and their deterioration processes, with production and consumption of too
many compounds simultaneously, bringing complexity to the active agents or sensors performance.

Need of conducting more effective and complete lab and pilot plant tests, in order to avoid flaws in
new technologies application under real conditions of food distribution.

Difficulties from the compound of interest in accessing the active agent incorporated to the polymer
matrix.

Limitations regarding the absorption rate of the compound of interest into the polymer matrix or
related to the releasing of the active substance by the polymer.

Changes on packaging appearance, when solid particles are dispersed in polymers.

Premature reaction from absorbers/emitters if the mechanism of absorption/emission is not
activated by an external action.

Difficulties in controlling migration, to food, of low molar mass compounds or of byproducts of
reactions (intermediate or final), with possible sensorial or toxicological consequences.

Difficulties in active components incorporation to packaging materials, as compatibility, dispersion
capacity, active compound adhesion to substrate, etc.

Influence of active component on morphological, thermal, optical and mechanical packaging
properties.

Active component stability under packaging manufacturing conditions and during product’s shelf life.
Difficulties in controlling kinetics of active component release.

Influence of environmental factors (temperature, light, humidity) over the action of active agent.
Security problems in accessing transmitted data from sensors and indicators.

Failure in reading sensors and RFID.

Incompatibilities between Brazilian mobile frequencies and loT (LPWA 0 lower powder wide area).

Acceptance restrictions

v

Suspiciousness and non-acceptance, by consumers, to the presence of non-edible items in food
packages (sachets, internal tags and devices), often associated to the risk of possible active
components detachment from devices (as antennas, for example), or sachets bursting. At least in
Europe, this risk perceived by consumers seems to be more associated to separated non-edible
objects (as sachets, for example) than to structures that are incorporated/attached to the package
(as tags, for example). Furthermore, consumers consider these items unnecessary, meaning that the
benefits brought by active and intelligent packaging are still not clear for them (GHAANI et al., 2016;
DAINELLI et al., 2008, AKTIPAK, 2001).

Lack of interest from retailers, who may be reluctant to the use of smart systems for different
reasons: a)alerts and messages displayed by smart devices (as indicators, for example) may lead
consumers to buy only recently-displayed items, increasing the amount of unsold products with
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older production date; b) some devices (as TTls) may show temperature abuse occurred before food
reached shelves at retailers; c)indication of location where the flaw happened may be doubtful,
therefore, the responsibility for the abuse along food chain may be hard to attribute (VANDERROOST
et al., 2014; GHAANI et al., 2016; DAINELLI et al.,, 2008); d) fear that indicators reveal possible
irregularities occurring, for example, in the management or control of cold chain.

v" Brand Owners restrictions who do not count with specialized professionals in this field. Noletto et al.
(2017) showed that 69.2% of Brand Owners logistics professionals in Brazil have little, very little or
no knowledge at all about intelligent packaging.

v" Flaws in the perception of technology value by packaging users and manufacturers, who consider
current available packages already adequate in terms of quality for food preservation.

Infrastructure limitations
v" Need of IT restructuration, considering current communication structures are mostly wired.

v’ Lack of standardization of frequencies used by communication systems (for example: wireless sensor
networks (WSNs) and RFID) so that package information can be accessed along the whole
distribution chain by different stakeholders.

v Lack of computerized systems, in order to receive and compile data from sensors and RFID tags nets,
in food and beverage industries and in logistics operators around the country.

v' Restrict internet coverage areas around the country, to promote efficient transmission and
processing of data generated by intelligent and interactive packages.

v" Limited telecommunication infrastructure.

Section VII - Analysis

Concerning the defined products for the Brazilian market, as well as the drivers identified above (section B-
IV), we can detail the following technological alternatives and respective maturation status on Table 2.
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Table 2. Technological alternatives and respective maturation status for the development of active,
intelligent and interactive packages, targeting at meat products and fresh fruits markets.

Desired Product Necessary technology/study Current 2030 2040
Prospection of oxygen absorber actives (oxidable polymers, Medium High High
charges, nanoparticles, etc.)

Sele.ctlo_n/development of oxygen barrier structures for absorber Medium High High
application
jl'echn.ology f.or .the |r1corporat|on .of absorb.ers. to packages, Medium High High
including variations in concentration and distribution

Oxygen absorber

incorporated to Control of absorber activation, in order to avoid premature . . .

packaging reaction Medium High High

material

Laboratory studies on the shelf life of meat products in packages
containing absorbers, including assessment of storage Medium High High
temperature effects (constant and variable)

Field studies to confirm active packaging effects over the
increase of quality and shelf life of different meat products,

. . Low High High
including assessment of storage temperature effects (constant
and variable)
Identification of target microorganism (s) Low Medium High
Prospection of effective antimicrobial actives over the microbial . .
. Low Medium High
flora of interest
Studies on mechanisms of inhibition and on the influence of . .
. Low Medium High
food compositions and/or external factors
Antimic_robial Techniques of incorporation of active agents to material or Medium High High
packaging packages
Microencapsulation of active components Low Medium High
Studies on the release kinetics of the active(s) Low Medium High

Studies to prove efficiency and repeatability of antimicrobials for
each category of product and conditions of storage/distribution Low Medium High
of interest (in laboratory and field)

Prospection of oxygen, ethylene and carbon dioxide absorbers

(polymers, minerals, nanoparticles, etc.) Medium High High
Active packaging Selection/development of packaging structures for absorber(s)
for control of s P P ging Medium High High
) application
plant physiology
Technology of absorber(s) incorporation to packages, including Low Medium High

variations in concentration and distribution
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Development of a film family with different

ranges/characteristics of absorption in order to be used with Medium High High
fruits of varied physiologies
Laboratory studies on the shelf life of different types of fruits in
packages with absorber(s), including assessment of storage Medium High High
temperature effects (constant and variable)
Field studies for assessment of active package effects over the
increase of quality and shelf life of different types of fruits, . . .
including assessment of storage temperature effects (constant Medium High High
and variable)
Studies to def!ne.compo.und.s from food sp0|lage. with potential Low Medium High
to be used as indicators in different food categories
Prospection of active agents with potential to be used as
freshness indicators on each potential application (biocins, Low High High
natural preservatives, etc.)
Techniques of active agents incorporation to material or Medium High High
packages (as tags for example)
Studies to prove efficiency and repeatability of systems for each
Sensor of food food category and conditions of storage/distribution (in Low Medium High
spoilage status laboratory and field)
Printed electronics for sensors production Low Medium High
Nanotechnolc:)g.y for the Productlon of :c,lr.n.ple gases chemical Low Medium High
sensors (sensitive, selective and reversibility)
Technology for. remote control of spoilage reactions (sensor and Low Medium High
data transmission)
Studies with consumers in order to verify comprehension of the Low High High
technology
Technologies for the production of reading systems free of flaws
(as products with high level of water content and high speed of Medium High High
load movement)
Intelligent
packaging for Integration of RFID tags and sensors Low Medium High
monitoring and
traceability Encapsulation of RFID tags for returnable packages Medium High High
Development of printing materials (ink viscosity, ink deposition, Low Medium High

etc.)
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C. High Performance Packages

High performance materials are new materials that have been developed or modified, compared to those
already existent, which result in enhancements in package performance, regarding technical needs for
protection of packaged products and of new demands arising from the evolution of food conservation and
packaging processes and from sustainability issues. These innovations must also prioritize a balance in costs
compared to those of traditional materials and meet the safety requirements of consumers and the
environment.

Section | — Desired Products, Technologies and Processes

Concerning the current stage of technologies for materials and packages manufacturing, it is possible to
state that many options of high performance materials can already be found available in the market or in
developing stages. However, there is still a large potential for innovations due to the diversity of packaging
systems and the continuous demand for efficiency gains in the processes and for the launching of new foods
and beverages.

Consumers are increasingly in search of high quality foods, even in the end of their shelf lives, many times
fresh, minimally processed, easy to prepare and with a diversity of options to meet different consuming
habits, convenience requirements and presentation formats. Concerning the applications, those demands
may require some packaging options with better barrier properties against oxygen, aromas, water vapor and
light, whose evolution will depend on the development of new high barrier structures, ultraviolet (UV) light
absorber additives, oxygen absorbers etc., or modulated permeability films for fresh produce packaging.

The evolution of high barrier structures may benefit from the development of special resins, but can also be
obtained from new adhesives, coatings or nanocomposites. Modulated permeability, in turn, can be
obtained from the enhancement of polymer molecule structures, from nanocomposites, and/or from
technologies as nanoperforation or microperforation in films.

Less frequently used protection requirements also need to receive attention as the development of
materials with innovative properties may lead to a market revolution and amplify the range of packaging
functions. An example of this would be the capacity of retarding heat transfer, bringing benefits to the
product during transport and storage stages, and minimizing the effects of external environment
temperatures on thermosensitive foods, as chocolate, fresh produce and fruit juices, for instance. In so
doing, besides the traditional options, as foam and/or expanded materials, technological solutions may also
focus on the development of nanocomposites or coatings with low coefficient of radiation absorption and
low thermal conductivity.

Thinking of non-conventional food processing technologies (high pressure, ohmic heat, microwaves, electric
pulse, irradiation, ionization, among others), it is important to provide the market with materials and
packages of adequate performance under new conditions of processing, especially in cases of pre-packed
processed food. Thus, packages must withstand different sequential stages along the processes, without
risking their integrity, form and appearance, or intensifying the potential of migration to the product. It is
also relevant to increase knowledge on the physical-mechanical performance of adhesive systems, as well as
on kinetics of mechanisms of package/product interaction (migration and barrier properties). These
developments are motivated by the food and beverage industry demands; some high pressure processed
foods are already in the Brazilian market of beverage (Natural One) and meat (BRF).
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There are other processes which may also cause polymeric materials degradation reactions, as irradiation or
ozonization, vyielding compounds of variable and unknown nature, with toxicological or sensorial
contamination potentials. Therefore, studies on the effects of processing conditions to packaging materials,
such as source, dosage and exposing time, must be intensified as well as those on mechanisms of
degradation reactions inhibition, with additives, chemical structures adequacy, among others.

Requisites for sustainability also call for innovations in materials and packages. There are three relevant
aspects to be taken into consideration in terms of high performance materials development: the package
influence on the decrease in food loss and waste rates, the minimization of materials usage without
compromising performance, and the post-consumer recovery and recycling options.

Some crucial factors for the reduction of food losses include packaging performance enhancements in
physical-chemical, microbiological and mechanical protection of foods and beverages, availability of
packages in different sizes for different consumption needs, as well as the development of reclosing systems.

On the other hand, it is ultimate to mention a source of waste loss, which has not been evaluated or
quantified: the one coming from residues that remain in packages after consumption. This type of loss
occurs with other classes of products, as medication and cosmetics, for example. Product remains are a
consequence of its rheological properties (e.g., catchup, sauces, etc.) and of the interaction between the
product and the package internal surface. They may also be originated from a not very efficient design,
which allows the accumulation of product in package corners, or from a wrongly designed placement of easy
opening systems. In addition to product loss, residues make package recycling difficult or even unviable and
increase organic discharges in domestic effluents or from recycling industries. Consequently, it is of high
importance that an optimized design of packaging systems and the development of materials for a high
product draining must also be added to the agenda of packaging specification and innovation processes.

Efforts to minimize the use of materials with no performance commitment have already been responsible
for a great part of innovations in packaging systems in the last years. There have been significant reductions
in weight of plastic or glass containers, bottles, caps and jars; in the thickness of steel foil, aluminum foil and
flexible films, in the paper grammage, besides a countless number of projects for structural and geometrical
optimization of primary and transportation packages. Those innovations could be feasible due to
technological evolution in materials, processes and equipment for packaging manufacturing, tools for
packaging structural projects, etc.

The application of flexible structures currently represents one of the most important resources for
minimizing the ratio of amount of packaging material per mass of packaged product. Vastly present in the
food packaging, flexible structures have many applications, like films for fresh fruits, high barrier structures
for meat products and roasted and grained coffee, stand up pouches for tomato products and mayonnaise,
flexible retortable packages for fish and ready meals, industrial sacks, shrink films for unitizing and stretch
films for pallets stabilization, among others.

Despite the huge optimization level, innovations in flexible structures are, nowadays, the biggest challenge
for high performance packaging development. The demands for innovation are focused on:

v" Flexible structures of high barrier and easy to recycle in the post-consumer phase, employing
compatible substrates, compatibilizers, high barrier films monomaterials (mmono or multilayer), high
barrier adhesives and coatings also compatible with the structural substrate, etc.
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v" High performance films for applications with specific requirements (tailor made), which enable a
reduction in material amount in applications like high performance sealing layers, high resistance
industrial sacks, optimized shrink or stretch films, flexible packages of large capacity for liquid and
pasty food products, among others

v" Adhesives of accelerated cure, with low migration potential for and compatible with recycling
processes

v' Printing processes and ink system formulations compatible with recycling processes, etc.

This evolution process goes necessarily through the enhancement of chemical and molecular structure of
polymers, the development of new materials and formulations (additives, adhesives, and inks) and the
equipment and processes for flexible materials manufacturing.

Section Il — Critical System Requirements

Critical requirements for high performance packages are:

Cost competitiveness compared to resins and conventional packages.

Better performance confirmed in use.

v

v

v Scale of production and availability.

v Solutions for revalorization in the available post-consumption.
v

Approval for food and beverage contact, considering foreseeable conditions for contact.

Section Ill — Main Technological Areas
The main technological areas involved in the development of high performance materials are:

v' Materials Science and Engineering — for the development of polymers, additives, inks, and adhesives.
v" Nanotechnology — for the development of nanomaterials and nanocomposites.

v' Computer Engineering and its tools — necessary to optimize packages design and structural and
geometrical projects of packaging systems.

v" Food Engineering and Technology — for the development and assessment of materials for non-
conventional food process technologies.

Section IV — Technological Drivers

v" Minimization in the use of materials, without compromising performance.
v" Compatibility with post-consumer valorization options (recovery and recycling).

v" Polymers, additives, inks, and nanomaterials approved for food contact.
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v" Cost competitiveness for application as food and beverage packaging.
v" Design and aesthetics positively appealing to consumers.

v" Raw materials being technologically available in Brazil.

Section V — Current Scientific and Technological Capabilities

Due to the range of high performance materials applications, one can find various standout innovation and
research centers in private companies as BASF, Bemis, Braskem, Dow, Henkel, Kuraray, among many others.

In Brazil, we can find Research Centers and Universities, which have been working in the area of food and
beverage packaging and materials development. They count with not only qualified professionals with
technical and scientific knowledge but also infrastructure for the development of materials and new
processes and packaging of food. Nevertheless, many types of development and products launches still
occur firstly abroad.

Usually, package performance in food processing using non-conventional technologies is a topic studied in
Universities and Research Centers of the Agricultural and Food Science fields. However, it may also be

applied to Packaging and Materials Science and Technology in general.

Some of the Brazilian institutions involved with research on the listed topics in the field of high performance
packages are:

Food Technology Institute (ITAL) — Packaging Technology Center (CETEA)

University of Sao Paulo (USP) — Faculty of Animal Science and Food Engineering (FZEA) - Pirassununga, SP
Federal University of Sao Carlos (UFSCar) - Materials Engineering Department, Sdo Carlos, SP

University of Campinas (UNICAMP) — faculty of Food Engineering (FEA) — Campinas, SP

University of Campinas (UNICAMP) — Faculty of Chemical Engineering (FEQ) - Campinas, SP

Federal University of Vigosa (UFV)-Food Technology Department - Vigosa, MG

Maua Technology Institute (IMT) — Food Engineering Institute — Sao Caetano, SP

Section VI — Gaps and Barriers

Economical limitations

v" The cost for high performance packages must be calculated in a systemic way, not only considering
the cost of the material/packaging itself. Indirect gains as loss reduction, compliance with law
requirements, increase in the efficiency in packaging manufacturing, packaging processes and/or
food processing should also be considered.
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v

The adoption of non-conventional technologies for food processing still requires infrastructure
investments (equipment and/or production lines) and specialized labor work, making it difficult to
adopt these technologies.

Technological limitations

v

v

Research on nanomaterials and nanocomposites, despite already in progress, still needs to be
expanded in order to obtain the desired properties for packaging applications.

Packaging technical specification based on requirements for food protection and intended shelf life
is still a limitation, especially considering micro, small and medium sized companies.

Lack of specific studies on packaging performance facing non-conventional technologies for food and
beverage processing.

Lack of knowledge on package performance facing non-conventional technologies for food
processing can be attributed to its little application in the Brazilian market. Packaging systems must
be developed/adapted simultaneously to the adoption of these technologies.

Research and development of materials is quite concentrated in resin manufacturers. Research
institutions, startups, micro and small companies usually focus more on the development of new
additives, nanomaterials, inks and compatibilizers.

Recycling flexible packages after the consumption is still arduous in the country due to difficulties in
collection and sorting, poor cleaning infrastructure, shortness of compatibilizing technologies,
influence of inks and contaminants over the quality of recycled product, and economic viability.

Limited use of computerized tools for integrated packaging optimization regarding geometrical,
structural and/or thermal aspects, as, e.g., using calculation programs through finite elements.

Lack of studies concerning the influence of processes, with potential to affect the chemical structure
of packaging material (irradiation, ionization, and others), on the physical mechanical performance
and on the migration.

Sustainability related limitations

v

Still scarce number of studies for quantification of food loss in Brazil and its environmental and
economic impacts, making it hard to show the benefits in increasing the materials barrier properties,
in extending products shelf life and even more in the reduction products residues.

Need of increasing Brazilian population awareness of economic and environmental impacts of food
loss and waste.

Some innovations do not assess the impacts on package revalorization in the post consumption
phase.

Insfrastructure limitations

v

There is still no infrastructure, in Brazil, for incineration with energy recovery for the valorization of
post-consumer packaging, increasing the need of mechanical or chemical recycling solutions.
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Section VII - Analysis

AGRICULTURE

In view of the wide range of high performance packages, we present, as a general outline, technological
alternatives and their respective maturation status in Table 4.

Table 4. Technological alternatives and respective maturation status for the development of high
performance packages.

Critical Matter Necessary Technology/Study Current 2030 2040
Prospection and selection of nanoparticles Medium High High
Development of nanocomposites Low High High
Development of coatings using nanomaterials Low Medium High
Nanomaterials Practical assessment of expected performance of . .
. . Low Medium High
for packaging material/structure
application Toxicological studies for the evaluation of possible occupational
and environmental hazards from nanoparticles, and establishment Low Medium High
of safety protocols, if necessary
Assessment of migration potential Low Medium High
Toxicological and consumer exposure studies Low Medium High
Assessment of Investigation and quantification of food loss and waste in Brazil Low High High
environmental — - -
aspects Application of Life Cycle Assessment — LCA for mensuration and
interpretation of environmental aspects of food loss and waste in Low High High
Brazil
Development of new materi.als in terms of chemical nature and/or Medium High High
by control of molecular architecture
Development of high performance adhesive systems Medium High High
. . Development of printing systems and ink formulation Low High High
Materials with
enhanced . » . . .
performance Prospection and development of additives Medium High High
Compatibilizers for multimaterials recycling Low High High
Application of economic analysis of innovation in high performance
materials and its positive and negative impacts on food packaging Low High High
systems
Development of non-conventional processes for food and Medium High High
beverage
perf Practical studies on packaging physical mechanical and barrier
er. ormance properties, aiming at creating protocols to guide specifications by Low Medium High
facing non- -
) process type, product characteristics and technology
conventional - — - -
technologies for Studies on the migration potential from packaging systems to food
. when submitted to conservation processes, taking into account Low High High
food processing A - o .
food processing conditions, distribution temperature and shelf life
Studies on formation of polymers degradation compounds, their . .
) s . L High High
risks and migration potential to food ow e e
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D. Food Packaging Safety Assurance

Section | — Desired Products, Technologies or Processes

Package components, when in contact with food, may migrate to these products through a phenomenon of
mass transfer known as migration. With the objective of avoiding chemical contamination of food products,
and, consequently, ensure consumers safety, legislations regarding packaging materials for food contact
have been created, considering the principle that packages must be inert.

The legislation in force, in Brazil, is harmonized with that of MERCOSUR, was internalized by the Brazilian
Health Regulatory Agency (ANVISA), and is based on European harmonized legislation. Legislation for food
contact materials from European Union considers the assessment of chemical substance risks and a quite
conservative estimate of consumers’ exposure in order to establish Positive Lists, which are lists of
substances whose use is authorized for food contact packaging materials.

For a substance to be included in a Positive List, it and its impurities must be categorically identified and
characterized by physical and chemical properties. Furthermore, synthesis routes, as well as all additives and
other components of the formulation must be described in detail. Migration data of a substance represent
the main information for the evaluation of consumers exposure and safety.

Concerning consumers’ exposure to those substances, a simple and conservative model has been adopted
due to lack of real information about packed foods consumption. For this model, the following assumptions
were made:

v" A person of 60kg weight consumes 2kg of food/beverage per day, being 1kg placed in a package of
6dm?total surface, every day during all the person’s life,

v" This food will be always packed in the same type of package and

v' Migration of the substance of interest will always occur at the maximum allowed concentration.

The disadvantages of this approach are: different types of packages contain different substances, migration
depends on food type and its processing, and finally, it underestimates exposure of babies and children.

The requirements of toxicological studies are related to the amount of the substance which may migrate to
the food product; the higher the migration, the more severe and more complex must be the toxicological
tests, which are also often conducted according to traditional protocols of toxicity assessment to establish
ADI (Accepted Daily Intake) or TDI (Tolerable Daily Intake) (BARLOW, 2008).

Based on these parameters, restrictions, specifications and specific migration limits (SML) are defined and
included in Positive Lists. Specific migration analysis to verify the compliance of a material are conducted on
the finished package and may also be done in food simulants defined in specific regulations, or in the food
itself. This latter possibility, though, presents some limitations once it is a more complex matrix. Standard
testing time and temperature are defined based on the product application and is established by legislation.
Chromatographic techniques are necessary in order to perform this type of analysis and equipment must be
connected to specific detectors depending on the substance being evaluated.
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Another aspect to be considered is the presence of non-intentionally added substances (NIAS) in packages to
be in contact with food. These substances are not described in Positive Lists, as were not intentionally added
during the process of packaging manufacturing due to a technical reason. These substances, usually, have a
molecular weight under 1000Da and may come to migrate to food. They can have the following origins:

Degradation products of polymers or additives.
Impurities from raw materials.

Products derived from secondary chemical reactions.

AN NN

Contaminants from recycling chains.

NIAS phenomenon is not new, but the awareness about it has only grown in the last years due to the
sensitivity improvement of analytical techniques. Despite this theme is being studied by many research
groups around the world, there are still no official guidelines created by health authorities or even a guide or
protocol of analysis that could assure material safety concerning the presence of NIAS.

New technologies and new materials as active and intelligent packaging, nanomaterials, biopolymers, and
recycled materials are also still waiting for regulations.

Packages should be suitable for the various food preservation processes, as high temperature treatments,
non-conventional treatments like high pressure processing (HPP), irradiation, ohmic heating, and separation
processes using membranes and combined processes, among others. Packages for non-conventional
technologies also need to be evaluated and protocols to assure conformity should be defined considering
real situations to which packages will be submitted, what may not be described in current legislations
(ROSENTHAL, s.d.).

The development of analytical methodologies, by using increasingly sensitive and sophisticated equipment,
softwares for migration studies and mathematical modeling; development of alternative methodologies for
traditional toxicological assessments; and the creation of a data basis with information about consumers
exposure to migrants from packaging are some essential moves to be taken in order to achieve the evolution
in packages and materials safety for food contact.

Therefore, the goal is the creation of a process for safety certification of materials, processes and
technologies, which is effective, dynamic, and economically viable.

Section Il — Critical System Requirements

The application, in practice, of the current legislation about food contact materials has some limitations.
Moreover, the evolution of knowledge acquired in the field of materials and packages safety may present
some setbacks. Here we introduce some of the critical parameters related to this issue:

v Rationalization of compliance certification costs.

v" Awareness of legislation requirements by packaging manufacturers and end users, especially in small
and medium sized companies.
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v" Availability of national reference laboratories with necessary infrastructure and competence to
perform all analyses required by current legislation.

v" Availability of standard norms and analytical procedures to assess all specified parameters in the
legislation (specific migration, purity requirements, etc.).

v" Application of mechanisms in the legislation for minimizing the number of analysis, as modelling,
calculations and the concept of functional barriers, for instance.

v" Verification of safety of new substances, new materials, and new technologies simultaneously to
innovations development (active packages, nanomaterials, renewable sources materials, etc.).

v" Continuous update of the legislation to keep it up with innovations.

v" Available studies regarding consumers exposure to migrant substances of interest.

v" Availability of analytical protocols for specific studies (decontamination processes of post
consumption packaging materials, NIAS safety, set off exposure, etc.).

v' Lack of legislation, as positive lists for printing ink, safety evaluation of new systems of ink and
adhesive curing, etc.

Section lll — Large Technological Areas

The large technological areas associated with safety evaluation of materials and packages are:

v

Chemistry (traditional, organic, inorganic, materials and food chemistry): fundamental area for
knowledge and comprehension of packaging materials composition, polymerization reactions,
cellulosic materials production, application of coatings, interactions between packaging materials
and food, possible reactions of degradation and by-products formation, influence of low and high
temperatures, among other aspects.

Analytical Chemistry: essential to assess packaging materials safety. It involves methods for the
determination of the material composition. Qualitative methods can generate information about the
identity of atomic or molecular species, or even functional groups in the sample, while quantitative
methods can provide numerical results related to the quantity of components in the sample. The
development of instrumental analytical chemistry was very important for separation, identification
and quantification of chemical species. High efficiency liquid chromatography, high resolution gas
chromatography, mass spectrometry, atomic absorption, microscopy, nuclear magnetic resonance
(NMR) among other techniques have been used to identify migrants from packages in parts per
billion. They are also essential for identification and quantification of NIAS (QUIMICA, s.d.).

Toxicology: completes the safety assessment of packaging components, and constitutes a science,
which aims at studies the effects of chemical substances on alive organisms. Toxicology studies the
effects of chemical, biological and physical agents on biological systems and stablishes the damages
extent in alive organisms. Adverse effects depend on two main factors: a) exposure routes (oral,
inhalation, or dermal) and b) dosage (duration and concentration of exposure). Usually, different
types of experiments are conducted to determine if a substance may cause cancer and/or other
types of toxicity. The amount of toxicological studies is connected to the amount of migrated
substance; however, these studies should be related to consumers’ exposure, as will be predicted in
the new European Food Safety Authority (EFSA) guide. Protocols of tests concerning subchronical
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toxicity, neurotoxic potential, immunotoxicity and immunomodulatory effects have been updated
and must be considered for the assessment of migrant substances from packages.

Statistics and Computer Science: applied to stablish the consumption factor and consumers’
exposure. It is an important area for consumers risk assessment of substances coming from
packages, and the possibility of public health issues. Exposure evaluation is a key part of the process
and Codex Alimentarius Commission (FAO, 2003) defines it as “qualitative and/or quantitative
assessment of biological, chemical or physical agent ingestion through food, as well as exposure
from other sources, if relevant”. The assessment of exposure requires information about the amount
and type of food daily consumed by a specific population and the presence or absence of the
substances of interest in this food package.

Section IV — Technology Drivers

Critical variables that will optimize processes to assure safety in food packaging are:

v

< S
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Costs of analysis for compliance certification to be compatible with the market of food and beverage
packaging, and should be shared among the packaging chain elements (inputs and raw materials
manufacturers, packaging manufacturers, etc.).

Available analytical requirements for measuring specified parameters (sensitive and specific
analytical techniques).

Specific requirements based on risks, with appropriate evaluation of consumer’s exposure.

Reduction of time for approval of substances by applying, when possible, alternative methodologies
to traditional toxicological assessments.

Hazard analysis, including studies other than the toxicological type (endocrinal disruptors, etc.).
Incorporation of modelling and other tools which would rationalize practical analysis requirements.
Protocols for the study of new technologies and materials.

Automatic updating mechanisms, in a global net, including a data basis with risk assessments of
substances, processes and technologies, and exposure levels.

Section V — Present Scientific and Technological Capabilities

Many international institutions have been studying the safety of food contact materials and give support for
governmental agencies to establish legislations and controls with the aim of assuring consumers’ safety. In
Brazil, the Packaging Technology Center (CETEA) of the Food Technology Institute (ITAL) is the most prepared
institute for these studies. The institutions known as reference, and which may help overcome the identified
gaps and barriers are listed below:

In Brazil:

Food Technology Institute — (ITAL/APTA) - Packaging Technology Center (CETEA), Campinas, SP
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Is a reference in Brazil and Latin America in analysis-regarding compliance assessment, the center develops
methodologies and research, helps elaborate legislations in Brazil/MERCOSUR, and gives assistance for food
packaging companies to meet law requirements and their importance in assuring consumers’ good health. It
also has some habilitated analysis by Brazilian Systems of Public Health Laboratories — REBLAS/ANVISA and
accredited by Brazilian System of Laboratories for Analysis through CGRE/INMETRO (National Institute of
Metrology, Quality and Technology).

Institute for Technological Research (IPT) - Paper and Cellulose Laboratory, Sdo Paulo, SP
Performs migration analysis of cellulosic materials and contribute to the establishment of regulations for
food contact cellulosic materials.

Adolfo Lutz Institute (IAL) - Center of Contaminants - Sdo Paulo, SP
Evaluates packaging for food contact approval. Reference laboratory for ANVISA in the state of Sdo Paulo.

National Institute for Quality Control in Health (INCQS) - Rio de Janeiro, RJ
Conducts studies on migration of phthalates and bisphenol. Reference laboratory for ANVISA in the state of
Rio de Janeiro.

Abroad:

European Reference Laboratory for Food Contact Materials — (EURL-FCM) - Joint Research Center (JRC),
Italy
Main study center in Europe for food contact materials. Reference center for European Community.

Fraunhofer Institute for Process Engineering and Packaging IVV - Freising, Germany

This institute has a department dedicated to migration analysis and assessment concerning packaging
compliance. It is well recognized inside Europe and abroad, and it is responsible for different projects in
European Union that led to modifications in their legislations. Expertise in mathematical modelling and
development of analytical methods.

Food and Environmental Research Agency (FERA), United Kingdom
National Reference Laboratory in the United Kingdom for food contact materials develops research in the
field of NIAS.

University of Zaragoza - Group of Analytical Investigation (GUIA), Spain
The Group carries out studies on food contact compliance, both for polymers and cellulosic materials.

European Food Safety Authority (EFSA)

Created, in 2002, with the objective of providing scientifically opinion and technical support for
communitarian laws and policies in every field which may cause direct or indirect impacts on food safety.
EFSA gives scientific opinions as requested by the European Commission, European Parliament and States
members of EU. It also conducts scientific work by own initiative, especially to examine emerging issues, new
risks and to update assessment methods and approaches.

Food and Drug Administration (FDA) — United States

Main institution in the United States working in the field, being responsible for publishing and updating
packaging legislation and for assuring safety of food contact materials.
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National Institute for Industrial Technology (INTI) — Buenos Aires, Argentina
Reference institution in Argentina in the area of polymers. The Plastic Center is responsible for the analysis,
methodology development, and research regarding package/food interaction.

University of Santiago in Chile (USACH) - Chile

Research and development of mathematical models to assess migration of packaging components to foods;
analysis on migration, and contribution to legislation regarding polymers for food contact, in association with
Public Health Ministry in Chile.

China

The country has been developing fast in the field of safety of food contact materials and with the creation of
different research and assessment centers for risks and quality. Here, we provide some examples of
packaging study and analysis centers: Chinese National Center for Food Safety Risk Assessment, Chinese
General Administration of Quality Supervision, Inspection and Quarantine (AQSIQ) and universities as West
China School of Public Health.

Section VI — Gaps and Barriers

This section identifies current and future gaps and barriers, considering the technological drivers mentioned
above.

Technological limitations
v" Few standardized norms for specific migration analysis.

v" Lack of mechanisms in MERCOSUR legislation in order to minimize the number of analysis, as, for
instance, modelling, calculation and adoption of the concepts of functional barriers and non-
migration situations.

v" Development and updating of legislation do not walk side by side with innovations and approval of
new substances, new materials and new technologies, taking often too long, holding the entry of
these products to the market, as in the example of active packages and nanomaterials.

v Lack of research to evaluate the presence of NIAS in packages currently available in the market.

(\

Lack of specific rules for other inputs used in food packaging, as printing inks and adhesives.

v" Few working groups inside associations and entities for studies and information collection about
topics which do not own specific regulations (adhesives, printing inks, nanomaterials, active and
intelligent-packages).

v" lack of studies and investments for the development of new recycling processes of post-
consumption materials, which could be approved for food contact, besides PET and cellulose
materials.

Infrastructure limitations
v' Sophisticated analytical requirements, making the specific migration analyses very expensive;

v lack of studies and research to assess Brazilian consumers’ exposure to the substances present in
food packages;
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v

v

Few laboratories, specialized professionals, and infra-structure and equipment to implement
analytical methodologies to meet with the law requirements, being sometimes necessary to use
laboratories in other countries;

Lack of access, by small and medium sized companies, to information about mechanisms to assure
packaging safety.

Policy limitations

v

v

Little knowledge about the legislation concerning food contact materials, by entities responsible for
control and inspection of products, resulting in no inspections at food packaging manufacturers.

Lack of homogeneity in the knowledge concerning legislation by food packaging manufacturing
companies around the whole national territory.

Little interaction between governmental agencies (VISAS, ANVISA) and the private sector regarding
difficulties in meeting the requirements described in current legislation, including issues related to
analytical limitations.

Slowness in the discussions of regulations in MERCOSUR area, either for updating or creation of new
regulations.

Lack of a specific group in MERCOSUR area to approve the inclusion of certain substances when they
are not included in European Union lists or are not listed by FDA (Code of Federal Regulations or
other type of evaluation processes of substances), for example, for assessment of toxicological data.

Economical limitations

v

v

Small and medium sized packaging manufacturers face difficulties to assess their products and prove
their safeness due to financial limitations and lack of knowledge about law requirements.

The application of the whole legislation is compromised by long and expensive analysis.

Few investments in research, by companies, for developing formulations with lower toxicological
restrictions.

Lack of investment, by the government and private companies, in laboratories and research centers
to support the implantation of analytical methods necessary for law compliance.

Toxicological studies are expensive and long.

Lack of investments to enable research in safety of food contact materials by the government and
private sector.

Lack of mechanisms in the legislation to decrease the number of analysis and costs, as for instance,
the use of modelling and estimates.

Disloyal competition with companies which do not invest in packaging certification and are likewise
accepted by the food and beverage industry because no adequate knowledge concerning legislation
and its liabilities.
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Section VII - Analysis

Technological alternatives and respective maturation status to develop the process of assessment and

approval of materials to be in contact with food and beverage are presented in Table 4.

Table 4. Technological alternatives and respective maturation status — development of the process of
materials assessment and approval.

Critical matter

Compliance with
current packaging
legislation and its
updates

Toxicological
assessment of
migrating
substance

Protocols for the
approval of
materials and
innovative
processes

Studies regarding
the presence of
NIAS in packaging
materials

Consumers’
exposure to
substances from
packages

Necessary Technology/Study

Development of analytical methods

Modelling applied to migration estimates for simple and
multilayer structures

Development of formulations prioritizing substances with no or
low toxicological restrictions

Inclusion in the legislation concepts as functional barrier, no
migration that can reduce the number of material testing without
compromising consumer safety

Develop and establish mechanisms in Brazil and MERCOSUR for
continuous updating of the legislation

Toxicological studies to evaluate substances coming from
packages, being intentionally added substances (IAS) or non-
intentionally added substances (NIAS)

Development and validation of alternative methods to evaluate
substances toxicity (for example, TCC, QSAR, among others)
Knowledge of reproductive methods for toxicological assessment
in short term

Development of bioassays and in-silico toxicological assessment
of compounds of interest to assess toxicity and potential of action
as endocrine disruptor

Establishment of protocols for new materials and inputs
certification (for instance, inks with UV and EB curing, adhesives)
Establishment of protocols for safety assessment in active
packages whose agent migrates to food

Establishment of protocols for assessment of packages for new
food preservation processes (for example, high pressure
processing irradiation, micro-waves, ozonization, etc.)

Establishment of protocols to assess migration potential by set off

Development of analytical methods for detection and
quantification of NIAS

Toxicological studies applied to the analysis of multicomponent
migrants

Studies to establish the exposure of consumers’ to NIAS and the
associated risks

Exposure studies to stablish procedures in order to raise data
about food ingestion by Brazilian consumers and define
consumption factors

Establishment of chemical substances of interest in relation to
expected migration from packages to different types of food
Development of statistical and computer tools to assess
consumers’ exposure, including when diet varies

Current

Medium

Medium

Medium

Low

Low

Low

Low

Medium

Low

Medium

Low

Low

Medium

Low

Low

Low

Medium

Medium

Low

2030

Medium

High

High

High

High

Medium

High

Medium

Medium

High

Medium

High

High

Medium

Medium

Medium

Medium

Medium

Medium

2040

High

High

High

High

High

High

High

High

High

High

High

High

High

High

High

High

High

High

High
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2. Workshop Objectives

The Workshop should review the stage of technology routes in Brazil and abroad and identify the main lines
of research and public policies and foster actions to promote the evolution of innovations in packaging for
food and beverages, from the perspective of Bioeconomy.

Thus, the technologies involved in the development of packaging systems will be addressed, as well as their
degree of maturity, the main implementation barriers and possible solutions. The opportunities for gains for
food quality and for the improvement of supply chain performance resulting from the adoption of these
systems will also be highlighted.

It is expected that the workshop and guest speakers can answer the following questions.

Session 1: Materials and Packages from Renewable Sources

Biopolymers

v' What is the expected evolution for the main biopolymer production routes with potential application
in food and beverage packaging?

v' What are the oxygen barrier and water vapor barrier levels of the main biopolymers available
commercially nowadays?

v' What is the status of the assessment of the potential environmental impacts of the biopolymers with
packaging application? Are these data available in the literature?

v' What is the potential for the production of biopolymers from waste of the food and biofuels
production chains?

v' What is the world demand for biopolymers for the application as food and beverage packaging?

v' How to effectively communicate the value of developing and using renewable source packaging
materials?

v' How to effectively promote, prioritize and organize the research and production of biopolymers in
Brazil?

v' Is it feasible to set up a research network on renewable source materials for packaging?

Nanocellulose applied in packaging materials

What are the most viable nanocellulose production processes (CNC and CNF) nowadays?

What is the current situation of the commercial application of nanocelluloses in the manufacture of
paper and paperboard?

What are the possible barrier levels to oxygen and oils and fats, and if possible to moisture, of
nanocellulose coated paper?

Is there any research program at a global level aimed at obtaining nanocelluloses from agroindustry
residues?

Which processes of manufacturing of nanocellulose based packaging materials with greater potential
of commercial application?

How to effectively promote, prioritize and organize nanocellulose research and production in Brazil?
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Session 2: Active, Intelligent and Interactive Packaging

What are the successful applications in international markets?

Are there new opportunities for intelligent packaging with the advance of internet of things and big
data?

What are the most promising technologies for active, intelligent and interactive packaging?

How could we make supply chain stakeholders and consumers understand and take advantage of
active and intelligent packaging?

What are the benefits for meat products market in employing active and intelligent packaging?
What are the benefits for fresh produce market in employing active and intelligent packaging?

How to efficiently promote research and production of active and intelligent packaging for food and
beverage in Brazil?

Session 3: High Performance Packages

<\

What is the potential of nanotechnology for packaging application?

What are the expected impacts of polymer molecular architecture enhancement technologies?

How has the demand for high performance materials boosted the development of food and beverage
packages?

What is the food industry expectation regarding technological development of high performance
materials and structures?

How has the development of high performance materials contributed to the processes efficiency and
market growth of the food and beverage industry in Brazil?

How could package specifications be enhanced to rationalize materials usage and decrease levels of
food losses and waste in Brazil?
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Session 4: Food Packaging Safety Assurance

v

How to boost research and innovation without risking consumers’ health at the same time? How
legislation can follow along with this evolution?

How to establish an international system to share knowledge in food packaging safety?

How to increase the application of mathematical modeling, exposure studies and alternative
methods such as bioassays

How to reduce the need for toxicological studies?

How to overcome the complexity in meeting requirements of all legislations simultaneously? Could it
be possible to create a worldwide legislation? Could it be possible to create a net of legislators?

How to provide information on materials and packaging that conform to food contact safety
legislation? How to disseminate this information to micro and small companies?
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