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The standardisation of reusable packaging and containers, particularly for consumer goods, is a basic requirement
for the efficient movement of goods in Europe, both economically and environmentally. The use of reusable
container systems by any user, meeting the following requirements, is important:

a) sustainability throughout reuse cycles to reduce environmental impact and packaging waste;

b) optimization of usage, whether the user is a professional or a consumer;

c¢) optimization of safe cleaning.

The European Regulation on Packaging and Packaging Waste clearly includes packaging reuse in the packaging
waste reduction strategy. Therefore, all systems concerning reusable containers should operate within the
framework provided by their manufacturers, given the synergistic effects across the entire value chain.

During Buddie-Pack Horizon Europe project, a comprehensive method was developed, verified and applied to six
case studies for establishing requirements and test protocols for reusable plastic packaging (RPP). Central to this
approach is an accelerated ageing protocol, designed to simulate the effects of repeated use, washing, and food
contact over the intended life cycle. This ageing step provides a consistent and representative basis for all
subsequent performance assessments, including safety and functionality. The validated methodology is presented
in this document to support standardised testing of RPP beyond the project’s duration.

This method prescribes the minimum performance requirements for reusable rigid plastic packaging, which
translates into safety, appearance and functionality criteria, as well as the test methods used to assess this
performance.

The requirements and test methods have been established for reusable plastic contact-sensitive packaging, like
in food and cosmetic applications. They could be applicable for other application, such as industrial goods
packaging.

Scope Limitations
This study does not cover certain technical aspects that, while essential to the overall performance of packaging,
fall outside the defined scope. Two main limitations are identified:

- Permeability Testing: Permeability tests are not included in this protocol, as they are governed by well-
established standard methods commonly used for single-use packaging. These standards are widely
recognized in the industry and are therefore not reiterated here to maintain focus on the specific
objectives of this study.

- Seal Integrity Testing: Seal integrity, although a critical factor in ensuring packaging performance, is not
addressed in this phase. This exclusion is intentional, as the current scope prioritizes other specific
parameters. Seal testing is expected to be evaluated separately in a complementary framework.

- The protocol was not verified for RPP including silicone elements.
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- EN12875-1: Mechanical resistance to dishwashers of utensils

- EN12875-2: Mechanical dishwashing resistance of utensils - Inspection of non-metallic articles

- EN 17735: Commercial dishwashing machines — Hygiene requirements and testing

- FD CEN/TR 14520: Packaging — Reuse — Method for assessing the performance of a reuse system

- EN 13429: Packaging — Reuse

- ISO 13302: Sensory analysis — Methods for assessing modifications to the flavour of foodstuffs due to
packaging

- EN 1186: Standards on migration test methods for food contact plastics.

- ENISO 527: Plastics — Determination of tensile properties

- ENISO 868: Plastics and ebonite — Determination of indentation hardness by means of a durometer
(Shore hardness)

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardisation at the following addresses:
- ISO Online browsing platform: available at http://www.iso.org/obp/
- IEC Electropedia: available at http://www.electropedia.org/

A: simulant ethanol 10%

ATP: Adenosine Tri Phosphate

B: simulant acetic acid 3%

C: simulant ethanol 20%

CFU: Colony Forming Unit

D1: simulant ethanol 50%

D2: simulant oil

EC: European Commission

EFSA: European Food Safety Authority

EU: European Union

FCM: Food Contact Materials

FRF: Fat Reduction Factor

FTIR-ATR: Fourier Transform InfraRed spectroscopy - Attenuated Total Reflection
GC-MS: Gas Chromatography — Mass Spectrometry

HS-GC-MS: Headspace-Gas Chromatography — Mass Spectrometry
IR: Infra Red

JRC: Joint Research Centre

LC-MS: Liquid Chromatography — Mass Spectrometry

LC-HRMS: Liquid Chromatography — High Resolution Mass Spectrometry
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NIAS: Non-Intentionally Added Substances

OM: Overall Migration

OML: Overall Migration Limit

QSAR: Quantitative Structure Activity Relationship
RH: Relative Humidity

RPP: Reusable Plastic Packaging

SM: Specific Migration

SML: Specific Migration Limit

TPC: Total Plate Count

TTC: Threshold of Toxicological Concern

UV: Ultra Violet

Consumer: citizen-individual who often consumes the content and is the end-user of the packaging, be that in the
home, at a restaurant or canteen or on-the-go.

Detergent: substance or preparation containing soaps and/or other surfactants intended for washing and cleaning
processes.

Disinfectant: product intended to eliminate micro-organisms that are harmful to human or animal health or
causing damage to materials, and therefore to obtain microbiological safety.

Reusable packaging: packaging which has been conceived and designed to be refilled or reused in the same
conditions that it was conceived to accept;

- to accomplish within its life cycle a minimum number of rotations;

- to be restituted and reused with the technical and logistical support of the business operator (collection,
infrastructure, incentive system...);

- toberecyclable.

User: any actor across the supply-chain of reusable packaging (industrial actor, conditioner, retailer, washer, etc.).
This definition does not include the consumer, which has a special status.

In order to ensure consumer protection and regulatory compliance, reusable plastic packaging shall meet a set of
safety requirements that go beyond those applied to single-use materials. Because these articles are exposed to
repeated cycles of food contact, washing, transport, and storage, they may undergo chemical, physical, and
microbiological changes that could compromise safety.

Key requirements therefore include:
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- Overall integrity

- Chemical safety, demonstrated through migration testing;

- Control of NIAS, which may arise from degradation or reaction products during repeated cycles;

- Efficacy of decontamination and washing processes, ensuring that any residues or contaminants are
effectively removed,;

- Microbiological safety

These elements together define the safety and performance benchmarks that reusable plastic packaging shall
meet to remain safe and functional until the end of its intended number of cycles.

The container shall be free from any foreign body, crack or any other defect that could compromise its integrity
and its use under foreseeable and expected conditions. Irregularities due to successive handling are acceptable
provided that the suitability for reuse is not seriously impaired.

RPP shall comply with the general safety requirements set out in Regulation (EC) N° 1935/2004 and the specific
provisions of Regulation (EU) N° 10/2011 on plastic materials and articles intended to come into contact with
food. Compliance is demonstrated through:
- Specific migration: each listed substance shall not migrate above its SML (mg/kg food). Where no SML is
set, a generic SML of 60 mg/kg applies unless otherwise restricted.
- Overall migration: the sum of all non-volatile migrants shall not exceed 10 mg/dm? of food-contact surface
(or 60 mg/kg for infant foods).
Testing shall be carried out with the standardised food simulants and time/temperature conditions specified in
Annexes Ill and V of Regulation (EU) N° 10/2011. In practice, this is typically performed according to the standard
EN 1186 series for OM tests and appropriate methods for SM tests.
Since repeated cycles of food contact, heating, and washing can accelerate material degradation, migration
testing shall reflect the entire intended life cycle of the packaging, including its maximum number of reuse cycles.

In addition to intentionally added substances, the evaluation shall also consider NIAS (non-intentionally added
substances), which may arise from degradation, reaction by-products, or impurities formed during repeated use
and washing. A comprehensive risk assessment based on analytical screening (e.g., GC-MS, LC-MS) and
toxicological evaluation is required to ensure that the presence of NIAS does not pose a risk to human health
throughout the reuse life cycle.

Reusable packaging may be accidentally contaminated in bulk and release undesirable substances when used in
contact with food. This risk is taken into account when recycled materials are returned to food contact, and
recycling processes shall reduce residual contamination levels to acceptable thresholds. Similarly, washing
reusable packaging shall also reduce accidental pollutant concentrations to an acceptable level.

The test to be carried out is therefore based on the challenge tests used to qualify material recycling processes;
the aim here is to carry out a challenge test to validate the ability of the washing process to decontaminate
reusable packaging below acceptable thresholds.

The purpose of primary packaging is to protect food from contamination and spoilage during distribution. It shall
therefore not allow any increase in physical, chemical, microbiological, or allergenic contamination.

When using it for the first time, the user shall ensure that the packaging is suitable for food contact and that it
will not generate foreign bodies due to poor workmanship, breakage, or other damage. On the other hand,
reusable packaging that has been in contact with food can become a vector for microbial contamination. During
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reuse, a biofilm can form on the surface of the packaging, particularly during collection and storage prior to
washing.
The aim of the tests is therefore to ensure the efficiency of the cleaning and disinfection protocol.

Acceptance criteria

After cleaning and disinfection, the results of microbiological analysis can be interpreted:
- Highly contaminated: > 3 CFU*/cm?
- Contaminated: between 2 and 3 CFU/cm?
- Acceptable: < 2 CFU/cm?

*CFU: colony forming unit

Beyond chemical safety and microbiological safety, reusable packaging shall maintain its visual quality and
functional performance throughout repeated cycles of use and washing. Changes in appearance (such as
discoloration, surface defects, or loss of transparency) or in functionality (including organoleptic neutrality,
mechanical strength, and ease of handling) can compromise both consumer acceptance and food safety. Ensuring
that these properties remain stable until the end of the intended service life is therefore a key requirement for
reuse systems.

Organoleptic performance (impact of packaging on food taste, odour, and appearance) is a critical requirement
for RPP. Article 3 of Regulation (EC) No 1935/2004 requires that “plastic materials and articles do not transfer
constituents to food in quantities that could bring about an unacceptable change in the composition of the food
or a deterioration in its organoleptic characteristics”.

The goal of organoleptic evaluation is to ensure that the packaging, throughout its intended number of reuse
cycles, does not impart any off-odours, off-flavours, or discoloration to the food, even under worst-case
conditions of use, storage, and washing. Testing should be performed in line with the Regulation (EU) N° 10/2011
requirements and carried out after ageing protocols representative of multiple reuse cycles, to demonstrate that
performance is maintained until end of life.

Acceptance criteria

The packaging is considered compliant if no significant sensory deviation is detected compared to the reference
(analytical blank) under worst-case test conditions. Any perceptible off-flavour, odour, or visible alteration that
could impair consumer acceptance constitutes a failure, requiring reformulation of material, stabilisation, or
modification of reuse conditions.

A first visual approach aims to evaluate the physical appearance and integrity of samples during their aging
process. The observed changes can then be further analysed to understand their presence and progression
through the aging cycle.

The colouring of reusable plastic packaging is likely to (i) either be a frequent factor in the rejection of packaging
by washers (ii) or be a strong factor in non-acceptability by consumers. Therefore, the characterisation of reusable
packaging shall include a fairly broad assessment of its ability to absorb different types of substances, complex
environments with a colouring effect.

Foods contain many coloured substances. These food substances can be divided into three categories: natural
colourings, colourings identical to natural colourings and synthetic colourings.

In general, natural colourings are the most common in food. However, they represent a wide diversity and variety
of compounds, making it difficult to study the behaviour of each one exhaustively. At a minimum, the test should
provide a fairly broad overview of colouring behaviour.
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The acceptance limit is to be defined by the user according to its usage constraints and needs.

The surface properties of materials are an indicator of their level of aging or even degradation. Physico-chemical
changes on the surface or the wettability of polymers can affect their quality and how the packaging interacts
with water, detergents, and other liquids during use and washing.

These properties are therefore linked to the durability of reusable packaging and the effectiveness of the cleaning
process.

As this parameter depends on the type of dirt inside the packaging, the acceptance limit is to be defined by the
user according to its usage constraints and needs.

Mechanical properties are essential for reusable packaging, as they directly influence durability, consumer safety
and overall product performance during handling, washing and refilling operations.
They are essential for reusable packaging, as they directly influence durability, consumer safety and overall
product performance during handling, washing and refilling operations. Two complementary tests are
implemented: tensile testing and Shore D hardness measurements.
- Stable tensile strength and elongation at break are critical indicators of the suitability of the packaging for
safe reuse, repeated handling and long-term performance.
- Hardness provides an indication of a material’s resistance to penetration and deformation prior to
fracture: it reflects the ability of the surface to resist scratching and indentation during multiple handling
and washing cycles. In polymers, hardness is influenced by stiffness and elastic modulus.

The acceptance limits are to be defined by the user according to its usage constraints and needs.

The flatness of the container is crucial because it can impact significantly several use criteria:
- Closing and tightness, if it includes a cover
- Ease of use by the consumer
- Stackability and destacking, manually or in machine storage

The acceptance limit is to be defined by the user according to its usage constraints and needs.

As part of assessing the compliance and performance of reusable plastic food packaging, a series of rigorous tests
shall be carried out. These tests aim to simulate real-life usage conditions and ensure food safety, durability, and
functional properties throughout the packaging’s lifecycle.
Three main categories of tests should be considered:
1. Ageing and repeated use resistance tests
These tests evaluate how materials withstand repeated use and exposure to various stresses. They include:
- Contact and accelerated ageing tests, with parameters to be defined based on the intended use: type of
food simulant, temperature, duration of exposure, etc.
- Abrasion resistance and washing tests, whether through manual cycles or tunnel washers, taking into
account variables such as washing temperature and sodium hydroxide concentration.
- Transport and handling simulations, to assess mechanical resistance under logistic conditions.

2. Safety tests
These tests focus on evaluating the food safety performance of reusable packaging after ageing and throughout
its intended life cycle:
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- Chemical safety: ensuring that no substances migrate into food above acceptable limits, in line with the
regulations 1935/2004/EC and (EU) 10/2011 and the requirement to control both intentionally added
substances and NIAS (non-intentionally added substances). This involves overall and specific migration
testing as well as potential risks of accidental contamination during repeated use

- Microbiological safety: according to the European hygiene regulations 178/2002/EC and 852/2004/EC,
packaging shall not become a source of contamination for foodstuffs. Repeated handling, storage, and
washing cycles may create opportunities for microbial contamination, growth, or biofilm formation.
Validation of washing processes, combined with microbiological testing, are essential elements of the
safety strategy.

3. Functional performance tests:
These tests focus on evaluating the packaging’s quality after ageing:
Evaluation of organoleptic impact;
Colour stability;
Surface properties (e.g., slip resistance, hydrophilicity).
All test parameters should be carefully defined based on the packaging’s intended use, in order to realistically
reflect the conditions of use and reuse.

Ageing of plastic packaging is the result of multiple interacting factors that progressively alter material properties
and performance. Many parameters influence this process, including temperature, humidity, ultraviolet (UV)
radiation, oxidative agents (oxygen, ozone), contact with chemical substances (food components, cleaning
products, detergents), and physical stress such as abrasion and mechanical stress. These parameters act either
independently or synergistically, leading to changes in polymer morphology, chain scission, crosslinking, loss of
additives, or migration of degradation products.

The design of accelerated ageing protocols shall therefore be adapted to each material and each application.
Critical intrinsic properties of the materials — such as the glass transition temperature (Tg), melting temperature
(Tm), crystallinity, and barrier properties — determine how the polymer responds to external stress. Extrinsic
conditions shall also be considered: the type of food in contact, processing conditions, storage, consumer use,
and cleaning cycles.

To simulate long-term use in a shortened timeframe, accelerated aging is based on principles such as the
Arrhenius equation, which describes the temperature dependence of diffusion and degradation kinetics. By
applying elevated temperatures under controlled humidity or oxidative atmospheres, it is possible to accelerate
migration and degradation while ensuring that the same fundamental mechanisms occur as under real conditions.
Care shall be taken to avoid over-acceleration, which might trigger unrealistic degradation pathways. The
objective is to generate worst-case scenario data within a reasonable timeframe while preserving relevance to
actual use.

Food packaging undergoes prolonged contact with various food types, each with specific interactions with
plastics. To replicate these, standardised food simulants are used, as described in the Regulation (EU) N° 10/2011
on plastic materials intended for food contact. For example:

e Aqueous foods = ethanol 10% or 3% acetic acid (acidic foods)

e Fatty foods = vegetable oil or isooctane/ethanol 95% as substitutes

e Dry foods = Tenax® (poly(2,6-diphenyl-p-phenylene oxide))

e Alcoholic beverages = ethanol 20-50%
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The choice of simulant reflects the most aggressive foreseeable food type for a given packaging application. Tests
typically involve static or dynamic contact between the packaging and simulant at defined times and
temperatures, designed to mimic or accelerate the expected shelf-life.

The life cycle of reuse food packaging can be broken down into three critical steps:

1) Food contact

This includes packaging at the food industry, distribution, and storage of food products until consumption.
Accelerated protocols simulate this step through prolonged contact tests at elevated temperature with relevant
simulants.

2) Usage step

Reusable food packaging may undergo additional stresses such as microwave or conventional oven heating,
freezing, or exposure to UV during outdoor transport. These stresses should be integrated into the protocol to
account for mechanical fatigue, discoloration, or microstructural changes.

3) Washing and cleaning

Reuse implies repeated exposure to washing cycles, which can induce cumulative degradation. Washing subjects
the material to thermal stress (hot water, drying steam), detergents (alkaline/enzymatic formulations), and
mechanical abrasion (dishwasher jets, brushes). Standardised domestic dishwasher cycles (e.g., 45-70 °C for 30—
120 min) may serve as a reference, but harsher accelerated washing can be applied to simulate multiple real cycles
in fewer laboratory runs. This step is essential to evaluate potential additive migration, surface degradation,
microcrack formation, and loss of mechanical integrity.

Industrial washing operations, commonly implemented in pooling systems for reusable bottles, trays, and food
containers, are designed to ensure microbiological safety and removal of food residues at high throughput.
Compared with domestic dishwashing, they are faster, more severe, and more controlled to guarantee consistent
hygiene across multiple reuse cycles.
Typical industrial processes include the following stages:
- Prewash (50 — 55 °C): Removes gross residues and prevents protein denaturation before the main wash.
- Main wash (62 — 66 °C): Uses alkaline detergents (e.g., sodium hydroxide or silicate formulations) to
dissolve fats and proteins. Oxidizing additives such as percarbonate, chlorine compounds, or hydrogen
peroxide may be added to enhance removal of biofilms and organic residues.

- Hot-water rinse (83 — 85 °C): Eliminates detergent residues and helps achieve partial thermal disinfection.

- Sanitisation/disinfection step (typically around 60 °C): Optional phase using chemical disinfectants such

as diamine-based products, peracetic acid, or chlorine-based agents to ensure microbial inactivation.

- Drying and cooling: Performed by hot air or ambient drying to avoid post-wash contamination.
Throughout these steps, packaging is exposed to significant thermal, chemical, and mechanical stresses, including
turbulent flow, pressurised water jets, and conveyor handling. The cumulative exposure to such stresses across
many reuse cycles can lead to material degradation — particularly surface oxidation, loss of gloss, or embrittlement
—requiring dedicated ageing studies.
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Food
contact

“Accelerated” or “simplified” washing protocols at laboratory scale

To assess the long-term durability and safety of reusable plastic packaging within a reasonable testing timeframe,
accelerated or simplified washing protocols are applied under controlled laboratory conditions.

These protocols aim to mimic the cumulative effects of multiple industrial wash cycles by combining the key
ageing factors — temperature, chemical exposure, and mechanical stress — in intensified conditions.

A representative example is the immersion of test specimens in an alkaline detergent solution (e.g., 0.5-1 % NaOH
or an equivalent commercial cleaner) at 80 °C for 10 minutes, which can approximate one industrial washing cycle.
This temperature and duration are chosen to:
- Reproduce the high thermal load and alkaline attack encountered in industrial washers.
- Accelerate polymer degradation mechanisms (hydrolysis, oxidation, additive loss) while keeping them
representative of real use conditions.
- Enable simulation of dozens of reuse cycles within a manageable testing duration.

When studying the equivalent of 50 or 100 reuse cycles, repeated washing cycles can be applied. Alternatively,
more severe single-cycle conditions (e.g., higher detergent concentration, longer exposure time) may be used to
condense the test duration, provided that the mechanisms of degradation remain comparable to those observed
in practice.

These laboratory ageing procedures provide a robust basis for assessing the chemical safety, microbiological
hygiene, and functional integrity of reusable plastic packaging systems.

A key factor in reuse packaging safety assessment is the number of cycles of use that the packaging is expected
to undergo during its lifetime. This includes cycles of food contact = use = washing, repeated until the end of
life. The number of cycles should be defined according to the intended reuse scenario (e.g., 10, 20, or 50 reuses),
considering real consumer practices, logistic reuse systems, and durability requirements. Accelerated laboratory
protocols shall therefore compress these cycles by applying more severe conditions per test cycle, while ensuring
comparability with actual degradation mechanisms. Final performance evaluation (migration, mechanical
integrity, appearance) should always be made after the maximum intended number of use cycles to confirm safety
and functionality until end-of-life.

By combining these three stages under accelerated conditions, it is possible to reproduce the cumulative stresses
of the entire food packaging life cycle: (i) food contact and storage - (ii) use under thermal and mechanical
conditions - (iii) washing cycle. This holistic approach ensures that safety assessments (migration, chemical
release) and functionality evaluations (mechanical performance, barrier properties) are representative of real-
world reuse scenarios.
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As an example, a simplified accelerated ageing protocol for catering packaging (take-away food containers) made
from PBT can be structured in three essential steps:

Steps Description Simulants Accelerated Accelerated

T (°C) time (hours)
55 58.8

L dehil44 to cover hot/chilled filling, transport, Vegetable oil
distribution, consumption and + Sudan Il at
collection (max 7 days at chilled / hot 0.5g/L
temperatures up to 70°C)

VERGS G to cover customer and industrial detergent Laboratory protocol (45 min up to
washing step (NaOH base) 50 °C) including pre-wash (cold),
wash (50°C), rinse (cold) and final
rinse (50°C)
to cover drying step at industrial scale  / 70°C during 10 min

6.2. Safety assessment
It is essential to evaluate reusable packaging at the end of its intended life cycle, since repeated chemical, thermal,
and mechanical stresses can alter material properties and migration behaviour. Chemical assessment, control of
accidental contamination, and microbiological testing shall therefore be carried out after the maximum intended
number of reuse cycles. This approach ensures that the packaging remains safe, hygienic, and fully functional
throughout its entire lifespan. The traceability of the number of cycles undergone for each package therefore
becomes essential.

6.2.1. Requirements to migration

Food Simulants
Select simulants according to food type and worst-foreseeable contact:
- A:10% ethanol (aqueous)
- B: 3% acetic acid (acidic)
- C: 20% ethanol (alcoholic/more lipophilic aqueous)
- D1: 50% ethanol (intermediate fat, aqueous emulsion)
- D2:vegetable oil (fatty),
- E: Tenax® (dry)
For application intended for contact with “all foods types”, testing shall be performed with simulants A, B and D2
(simulant B may be omitted if testing for acidity is not relevant).

OM test conditions
Use the OM series (OMO — OM7) according to Annex V to reflect the intended use or to test under worst-case
conditions, as illustrated below:
- Long-term storage at room temperature: 10 days at 20—40 °C (OM1 - OM2).
- Heating/short contact: 2 h at 70 °C (OM3), 1 h at 100 °C (OM4).
- High-temperature applications: OM5 (2 h at 100 °C, reflux for A/B/C/D1, or 1 h at 121 °C). OM5 is a worst
case for polyolefins; OM6 — OM7 cover more severe cases (e.g., 2 h at 175 °C with D2) mainly for non-
polyolefins

SM test strategies
- Identify all applicable SML from Annex | (EU 10/2011) for monomers/additives used in the packaging
system (including adhesives/prints/coatings if within scope).
- Conduct SML testing in the same simulants/conditions representing worst-case foreseeable use (Annex
V). Use validated targeted methods (e.g., LC-MS/MS, GC-MS). When fatty food simulant D2 is used, apply
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the Fat Reduction Factor (FRF) if applicable, per EU/JRC guidance, and only for lipophilic substances
migrating into D2.

Number of samples and replicates

The number of samples and repetitions should be defined to ensure statistical reliability and representative
results, while remaining consistent with the objective of each test. For migration testing, the number of replicates
shall follow the requirements and recommendations specified in EN 1186, typically involving a minimum of three
independent test specimens to ensure result validity and reproducibility

For reuse plastic packaging
Conduct the full accelerated ageing process for the maximum intended number of cycles (e.g., 10, 20, 50) and
perform OM + SM testing at the following stages:

- initial state

- mid-life checkpoint(s)

- end-of-life (post-max cycles) — the decisive point for compliance.

For risk assessment of NIAS, a practical and defensible workflow can be structured as follows:

Analytical discovery

Broad screening: Volatiles/semi-volatiles (by HS-GC-MS / GC-MS) and non-volatiles/polar (by LC-HRMS).
Non-target identification: libraries, accurate-mass formula generation, in-silico fragmentation; prioritise by
measured or estimated migration and structural alerts.

Semi-quantification/quantification: use closest analogues or reference standards where available to assign
conservative concentrations in mg/kg simulant.

Exposure estimation

Convert the concentration of each substance measured in the food simulant to mg/kg of food using the contact
surface-to-food ratio (default 6 dm?/kg, as recommended in the rationale for OML in Regulation EU 10/2011). This
ensures that NIAS exposure is assessed using the same worst-case consumer scenario applied for SML/OML.
Mathematical modelling can also be used for estimating content of substances migrating into food.

Hazard assessment
Apply a tiered approach for hazard assessment of NIAS, consistent with EFSA’s guidance on evolving FCM risk
assessment methodologies:
- Use substance-specific toxicological data when available.
- If such data are lacking, apply alternative approaches to prioritize substances:
o Read-across from chemically similar substances.
QSAR modelling to predict toxicological properties.
TTC-based screening (Threshold of Toxicological Concern).
Prioritize NIAS requiring more detailed evaluation, for example:
Targeted toxicological studies.
Implementation of stricter analytical limits.

O O O O O

Decision

If a NIAS is above screening thresholds/priorities and hazard cannot be ruled out, reduce at source (material
reformulation, stabilizer changes), improve process controls, or tighten wash/aging conditions. Re-test after the
maximum number of reuse/wash cycles to confirm durability of safety.
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Number of samples and replicates

The number of samples and repetitions should be defined to ensure statistical reliability and representative
results, while remaining consistent with the objective of each test. A composite sample, for NIAS analyses,
prepared from several pieces of the same packaging type is generally sufficient, as the objective is qualitative
identification rather than statistical evaluation.

Test principles
The test comprises the following steps:
e Creation of artificial contamination using a set of surrogates representative of the physicochemical
properties of the contaminants potentially present
e Experimental determination of the contamination reduction rate at the end of the washing stage
e Calculation of contaminant migration in different scenarios: (i) initial contamination level, (ii) contaminant
type, (iii) use case. These simulations make it possible to determine acceptable situations and thus
potentially restrict certain types of technological pathways.

Test principles

The principle is to reproduce the reality of a packaging reuse cycle in order to test the packaging's ability to retain
dirt and microbiological contamination and to validate the efficiency of the washing protocol. To do this, the
packaging is contaminated with a food matrix that allows microbial growth and is defined according to the
subsequent use of the packaging. Then, after fouling, the trays are rinsed and stored during seven days at room
temperature to permit the growth of microbial. The last step is to wash them with a define protocol and at least
to check the visual and microbiological cleanliness of the washed packaging

Analysis
- Visual inspection to find dirt residue on the surface
- Microbiological tests: ATP tests, agar Strips and laboratory tests

Researched microorganisms:

- Aerobic flora mesophilic total at 30°C (TPC)

- Yeasts /Molds

- Enterobacteria

- Salmonella

- Listeria

- Staphylococcus Coagulase positive
The list of researched microorganisms shall be defined following the risk assessment linked to the use of the
packaging.

Test principles

Sensory analysis methods are applied according to international standards (e.g., 1ISO 13302 for odour/flavour
evaluation of FCM).

Tests are carried out with food simulants or directly with model foods (e.g., mineral water, chocolate) after
conditioning the packaging under some time and temperature of contact.

Panels of trained assessors compare the test food (stored in contact with the packaging) to reference food (stored
in inert containers, e.g., glass).

Sensory descriptors include odour intensity, flavour, aftertaste, and appearance, using defined scoring scales.
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Reuse context
For reusable packaging, organoleptic evaluation shall be performed:
- Atinitial state (before use),
- Mid-life (after a representative number of cycles),
- End-of-life (after the maximum intended number of use cycles).
This ensures that the packaging remains neutral across its full life span and that degradation processes do not
lead to cumulative sensory deterioration.

Number of samples and replicates

For sensory testing, the number of samples and repetitions shall comply with the principles of EN 13302, ensuring
statistically reliable results. Tests should be conducted by a trained panel (minimum five assessors), with each
condition evaluated in duplicate or triplicate to ensure reproducibility.

First visual and macroscopic approach

This step aims to examine the packaging thoroughly for potential macroscopic changes, note if any odour persists
after the accelerated ageing process and observe the surface texture.

If any change is identified, samples are placed under a microscope and capture images of visibly aged areas. If
possible, pictures of samples after aging could also be taken briefly with a phone. These results may be correlated
with chemical/physical properties derived from other analyses.

Colouring test

Test principles

Test specimens from the finished packaging are cut to obtain identical contact surfaces of 5 cm?. The test
specimens are immersed in pure substances at a time/temperature conditions consistent with the future
conditions of use of the reusable packaging. After contact, the test specimens are washed in a domestic
dishwasher using a wash cycle representative of consumer washing under high conditions.

L*a*b* measurements during reflection or transmission are taken before and after contact with food matrices
and then after the dishwasher cycle.

Colouring conditions
- Time/temperature conditions consistent with the future conditions of use of the reusable packaging
- Measurements are taken using a spectrocolorimeter
- The packaging data sheet shall include this numerical data as well as photographs illustrating it: initial
colouring, after contact, and after washing.

Special features

It should be noted that certain specific conditions of use render this reference test irrelevant; in this case, an
alternative test may be carried out; the alternative choices made (dyes and contact conditions) will then be
justified in relation to the reference contact conditions recommended here.

Two main techniques can provide different information to characterize surface properties of materials, infrared
analysis and surface tension.

Infrared spectroscopy (IR) enables to identify chemical substances or functional groups in solid, liquid or gaseous
samples. Since the surface is directly exposed to the degrading system, FTIR-ATR analysis (Fourier Transform
InfraRed spectroscopy and Attenuated Total Reflectance) is chosen to probe the first microns of the aged
material's surface. Infrared analysis should be the first entry point before doing any other physico-chemical
analysis.
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Test principles

Three samples of 2,5cm x 5cm are cut from virgin packaging and aged ones.

Arbitrary zones are defined to obtain three representative analysis areas per sample. Each zone is analysed on
both faces to obtain an average evolution of the sample. The FTIR-ATR analysis is done with the following
parameters: 16 scans / resolution 4cm™ / Scan speed 1cm/s

Following this protocol, 3x2x3 = 18 different analysis points have to be performed to obtain an average spectrum
of surface aging over time.

If a visual modification is observed during analysis (colour spots, etc.), an additional analysis is done on this
modification and the difference is noted.

Surface tension is a key parameter to describe the wettability of polymer surfaces and their interaction with
liquids, that monitoring its evolution provides valuable insight into the long-term performance and cleanliness of
reusable plastic packaging. These results may be correlated with any observed evolution in chemical/physical
properties from other analyses.

Test principles

Dyne Pens markers are widely used in the plastics industry for quality control and allow a quick and reliable
estimation of surface energy levels. This method provides immediate and robust comparative information across
multiple materials and ageing conditions.

Test pens covering a range of surface energies (32-56 Dyn/cm) are applied to virgin and aged specimens of
samples cut from the packaging. One virgin sample and three aged samples are analysed, resulting in a total of 16
measurements. A line of test ink is drawn on the sample surface, and its behaviour (continuous film vs. beading)
is used to determine the threshold surface energy value for that specimen.

Test principles

Tensile testing consists of applying a uniaxial load to a specimen along its longitudinal axis until rupture. For
plastics, the standard method is described in EN ISO 527 series. The tests are performed under standard laboratory
conditions (23 °C, 50 % RH). During the test, the applied force and corresponding elongation are continuously
recorded so that average values to be calculated and the recorded stress—strain curve to provide key mechanical
parameters, such as tensile strength, elastic modulus and elongation at break.

Shore hardness measurements are performed in accordance with EN ISO 868:2003.

Virgin and aged packaging are tested using a Shore D durometer. Multiple measurements are taken per specimen
and averaged, with standard deviations calculated to confirm reproducibility. This property is particularly relevant
for reusable packaging, as it reflects the ability of the surface to resist scratching and indentation during multiple
handling and washing cycles.
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