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1 Packaging materials
André Deister, Christian Gausepohl, Ilka Henkel,

Roland Kleissendorf, Sabine Mendel

1.1 General requirements for packaging materials
Roland Kleissendorf

The terms packaging and packaging materials as used in this article refer to the packaging of indus-
trially manufactured finished pharmaceutical products. These packaging materials must satisfy spe-
cific requirements when used both singly and in combination with one another.

The most important function of such packaging is to protect the tested and approved product
until it reaches the end user and to ensure that it conforms, within the defined limits, to the product
specification until the expiry date.

In addition, the packaging materials must correspond at all times to the specification reported and
submitted to the authorities (authorisation). Any deviation from this specification must be reported
to the authorities and in serious cases will lead to a recall of the product from the market concerned.

As regards the properties and functionality of the materials, the requirements relate mainly to
their processing on high-performance packaging machines and their use along the distribution
chain from the manufacturer through the warehouse to the wholesaler and on to the pharmacy. It
must also be ensured that the product can be easily and safely used by the patient.

Over the past few years, further requirements relating to user-friendliness and product safety have
been added, for example the inclusion of Braille, child resistance, fraud and counterfeit prevention
and tamper-evidence.

Primary packaging materials are packaging materials that have direct contact with the product.
They include plastic films, aluminium foils, different glass types and qualities, plastic and elastomer
caps, tubes made of aluminium, plastic and composite materials, containers made of plastic, alumin-
ium or sheet metal and the closures used on these.

All other materials used in the packaging of finished pharmaceutical products such as package
inserts, brochures, labels, adhesive labels, folding cartons and items such as dose administration aids,
applicators, etc. are referred to as secondary packaging materials.

Printed packaging materials are particularly important because they contain product-specific
information and any errors could have far-reaching consequences.

Here you will find answers to the following questions:
• What are the general requirements that apply to packaging materials and their specifications in 

a pharmaceutical environment?
• What are the most important primary packaging materials?
• What are the possible effects of interactions between primary packaging materials and the 

product?
• What is the function of secondary packaging materials?
• What labelling requirements apply?
• What are the advantages of standardised packaging materials?
• How can packaging materials contribute to the safety of medicinal products?
• What are the advantages of standardised packaging?
• What factors have to be considered when drawing up packaging specifications?
• How is the packaging material test process coordinated?
• What must be observed when storing and identifying the status of packaging material?
• What has to be considered when handling print data?
• What criteria should be applied when selecting and qualifying external repro houses?
• What requirements must be taken into account when designing packaging materials?
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In accordance with the definitions of the EU GMP Guidelines, packaging materials are not starting
materials. However, the requirements that apply when handling starting materials should also be
applied when handling packaging materials, as stated in Chapter 5.45 of the EU GMP Guidelines
(effective from March 1, 2015): "The selection, qualification, approval and maintenance of suppliers
of primary and printed packaging materials shall be accorded attention similar to that given to start-
ing materials." This is understandable because the packaging materials, in some cases, have direct
contact with the product, and labelling errors and incorrect assignment can lead to serious problems
for the user.

The responsibilities for handling packaging materials are clearly regulated (see figure 1).

Different companies take different approaches when defining responsibilities for packaging materials.
Depending on the size of the company and the main focus of its business, the individual responsibil-
ities within the packaging process may be weighted differently and therefore organised in different
ways. Research-and-development-driven pharmaceutical companies tend to employ specialists to
deal with the primary packaging materials right from the development stage. These people are gen-
erally also responsible for disposable medical products and devices, as the technology is similar. If
such specialist knowledge is not required constantly, companies may consider purchasing the know-
how from other departments within the company (production) or from outside.

1.2 Primary packaging materials
Roland Kleissendorf

1.2.1 Tasks and functions

Primary packaging materials protect the packaged product against external influences and safe-
guard the product in accordance with its specification until it reaches the end user.

Because the primary packaging comes into direct contact with the product, there must be no inter-
action between the product and the material used for packaging. Figure 2 shows the main possible
types of interaction: adsorption, absorption, diffusion and migration.

Active ingredients, preservatives, auxiliaries and solvents may be affected by adsorption and
absorption. As far as the medicinal product is concerned, this may result in a loss of active ingredi-
ent, impaired antimicrobial properties, decomposition due to the loss of stabilising components and
a loss of flavour. Possible consequences for the packaging material include swelling, changes in the
mechanical properties, stress corrosion, discolouration and changes in permeability.

In the case of diffusion the usual scenario is that solvents diffuse out of the medicinal product,
while hydrogen, oxygen and carbon dioxide diffuse into the medicinal product from outside. This
can lead to oxidative degradation of the active ingredients, a change in the pH value, hydrolytic deg-
radation, the absorption of external odours and a change in the smell or taste. The appearance of the
product may also change.

A further type of undesirable interaction is the migration of low-molecular-weight substances
(e.g. plasticisers) to the surface of plastics (in this case the packaging material) or into the surround-
ing media (in this case the medicinal product). In most cases, additives (such as stabilisers, lubricants,

Responsibilities when handling packaging materials

Information Officer Text contents

Head of Quality Control/Qualified Person Compliance with specifications

Head of Production Handling of packaging materials

Figure 1 Responsibilities for handling packaging materials
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plasticisers, colorants, crosslinking agents, vulcanisation accelerators, fillers, catalysts, antistatic
agents, UV absorbers) migrate out of the packaging materials into the medicinal product. Migration
may lead to discoloration of the medicinal product if the packaging material is not colourfast, cloud-
iness and precipitation, degradation of the active ingredient and changes to the smell and taste. As
regards the packaging material, migration may cause discoloration as a result of pigment loss, brit-
tleness due to the loss of plasticiser, ageing as a result of loss of stability and changes in the permea-
bility.

Comprehensive knowledge of the ingredients of both the medicinal product and the packaging
material is essential in order to accurately assess the possible interaction between the medicinal
product and the packaging.

1.2.2 Selection of suitable primary packaging materials

The primary packaging materials to be used are chosen at an early stage in the development of a
medicinal product. The responsible product developer can tell from the product composition and
initial stability tests what specific product requirements have to be met. On the basis of this knowl-
edge the appropriate primary packaging material can be selected. The medicinal products may, for
example, be sensitive to light or moisture, or they may be known to be incompatible with certain
substances. Nevertheless, any changes to the product and/or the primary packaging materials only
become apparent after prolonged storage trials under conditions similar to those in the relevant
global climate zones.

The risk of changes to the primary packaging as a result of unsatisfactory storage results can be
minimised by selecting and using different types of primary packaging during the early pharmaceu-
tical development phase. Late changes to the primary packaging materials are normally very expen-
sive and, in extreme cases, can prevent the early launch of a new medicinal product or the further
marketing of a product that has previously been launched.

Any statutory requirements in the target markets, specific requirements relating to the function of
the product (e.g. child resistance, suitability for elderly people) and existing production facilities
should also be factored into the selection process for the primary packaging at an early stage.

Figure 2 Interaction between medicinal products and the environment
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In order to ensure the uniqueness of a packaging material, multi-digit packaging numbers are
assigned, which should be altered with every modification. To prevent any mix-ups between similar
types of packaging, visual markers and bar codes or 2D matrix codes are used and monitored by the
packaging material manufacturer and during the packaging process.

Some of the characteristics of packaging materials that must be defined in the specification are
shown in figure 4. The checkpoints are usually monitored and verified during testing of the packag-
ing material by the manufacturer. Particular checkpoints can also be monitored if required during
acceptance testing by the manufacturer of the pharmaceutical product.

Packaging material groups Test items

A) Primary packaging materials

Plastic films Dimensions, identity (e.g. IR spectrum), abrasion, appearance

Aluminium foils Dimensions, identity (e.g. IR spectrum), texts, appearance

Composite films Dimensions, identity (e.g. IR spectrum), texts, appearance

Tubing glass Dimensions, light transmission, wall thickness, filling volume, 
hydrolytic resistance, breaking force, appearance

Blow-moulded glass Dimensions, light transmission, wall thickness, filling volume, 
hydrolytic resistance, appearance

Rubber Dimensions, fragmentation, ash content, identity (e.g. IR spec-
trum), purity (chemical-analytical), appearance

Plastic injection mouldings Dimensions, bellows elasticity, shot volume, metering accuracy, 
identity (e.g. IR spectrum), weld line strength, appearance

Plastic blown mouldings Dimensions, shot volume, weight, identity (e.g. IR spectrum), 
tightness under overpressure, resistance to internal pressure, re-
sidual emptying, resistance to content, printing, appearance

Plastic stoppers Dimensions, identity (e.g. IR spectrum), appearance

Dessicant capsules Dimensions, microbial count, residual moisture, appearance

Crimp caps Dimensions, sheet thickness, appearance

Other (e.g. tin cans, PE bags) Dimensions, identity (e.g. IR spectrum), printing, moisture 
tightness, weight, filling volume, appearance

B) Secondary packaging materials

Labels Dimensions, material quality, code control, printing, 
luminescence, appearance

Package inserts Dimensions, material quality, code control, printing, 
luminescence, appearance

Folding cartons Dimensions, material quality, code control, printing, appearance

Other 
(e.g. desiccant pouches, 
banding films)

Dimensions, identity (e.g. IR spectrum), print, weight, moisture 
uptake, appearance

Figure 4 Packaging material groups with typical tests
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The defect evaluation lists (Editio Cantor Verlag Aulendorf ) that are available for many packaging
materials also contain a calculation of the size of the sample taken and AQL values based on ISO
2859-1. Depending on the applied AQL values and sample sizes, the acceptance probability for the
examined batches is 82–99 %.

For attributive tests on packaging materials, the defect evaluation lists of the Editio Cantor Verlag use
the following defect classification system:
• Defect class 1 – Critical defects whose presence/occurrence can have critical consequences.
• Defect class 2A – Major defects whose presence/occurrence could lead to considerable impair-

ments. Usability of packaging material markedly impaired.
• Defect class 2B – Major defects whose presence/occurrence could lead to considerable impair-

ments. Usability of packaging material moderately impaired.
• Defect class 3 – Minor defects whose presence/occurrence does not have significant conse-

quences.

The packaging material-specific defect evaluation lists describe this classification in greater detail
using appropriate examples .

Based on these defect classes, AQL values can be defined that decide whether a vendor batch is
accepted or rejected.

The sample quantities shown in the example in figure 6 are based on the batch size and the level of
testing to be used. They are identified using a code letter. The horizontal values 0.010 to 6.5 represent
the applicable AQL values. The AC (acceptance count) and RC (rejection count) columns show the
number of nonconforming units in the corresponding sample quantities. These values indicate the
number of nonconforming samples within a sample that would lead to acceptance or rejection of
the batch.

Figure 6 Example: Single sampling plan for standard testing in accordance with 
ISO 2859-1
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With regard to the definition of an inspection lot, the ISO standard refers to the consistency of the
conditions that should be a prerequisite when manufacturing a product. Because of the large num-
ber of different manufacturing procedures used for packaging material components, it is difficult to
find a generically applicable definition for this term. It can be useful to create an overview of the pos-
sible influencing factors of error sources and causes at the supplier. This is illustrated by the following
scenario.

If a multi-cavity mould is used to manufacture a pharmaceutical packaging material, this must be
taken into account when the sample inspection type and amount is set. Take the following example.

A plastic container is manufactured on an injection moulding machine using a multi-cavity mould
that consists of 24 blanks (cavities). 24 parts are produced per shot (one closing and opening cycle).
A defective container is produced by blank 1 in the example. If this is a recurring defect that is pro-
duced by blank 1, it is referred to as a systematic defect. This defect can be identified by examining
the entire shot. However, this is not certain to happen if a small randomised sample is taken during
the manufacturing process (see figure 7).

The complexity of the situation becomes even clearer if the mould does not only have 24, but
more than 100 blanks. To identify a systematic defect in a mould with this number of blanks, the sam-
ple quantity must be significantly higher than the number of mould blanks. A sample quantity based
on the number of blanks combined with statistical sampling would be one way of carrying out a real-
istic evaluation of the overall quality level.

This example is, in principle, transferable to the sampling of secondary packaging materials.
In the case of packaging materials that have to meet the requirements of a predetermined stand-

ard of hygiene (e.g. sterile packaging), sampling carried out by the pharmaceutical manufacturer dur-
ing an incoming goods inspection is only possible to a limited degree. A breach in the hygiene pack-

Figure 7 Randomised sampling – first shot test
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With this basic information, a creative agency is in a position to develop a design in reproducible data
and to represent it in the design manual.

It should be noted that reproducible data must always be reprocessed by the printers of the differ-
ent substrates in order to convert them into exposable data. This step can be carried out by any print
shop itself, but there is a risk that the print result may vary from print shop to print shop. In any case,
preference should be given to the central revision of reproducible data. Therefore, it is recom-
mended to have the creation of exposable data carried out by a technical agency (prepress).

Technical Agency: Creation of data for the production of printing forms
Technical agencies have detailed knowledge of all printing processes and create master files for the
packaging components. The advantage of this is that a further revision of the print files by each indi-
vidual print shop becomes superfluous and thus a uniform result in the sense of the corporate iden-
tity (CI) can be guaranteed.

The creation of master files requires a high degree of detailed knowledge of the various printing
processes. Masterfiles should ideally be created for all packaging sizes and packaging components
and are part of the design manual. They form the basis for a worldwide rollout of a design. The effort
and expense involved at this point is justified in any case, as it significantly reduces the potential for
errors in the subsequent implementation of the new design.

Text representation

• Fonts must be open and PDF-compatible.
• The font size of the texts must be adapted to the regulations of the pharmaceutical industry. 

Usually this is at least 7 pt. It is not recommended to undercut a step size of 5 pt. A minimum font 
size of 6 pt must be used for negative fonts.

• An open font shall be used.
• Fonts must be embedded in the PDF.

Punch contours

The provision of punch contours by the pharmaceutical manufacturer is recommended. Punching 
contours should be in original size including a clear inscription.
• All texts, logos, icons etc. should respect the required free zone to the contour.
• Zones free of printing and varnishing must be made visible in colour.
• Finishing types, punch contours, etc. must be clearly marked, applied as solid colours and dis-

played in a separate layer.

Colours

• The current ICC profiles for offset and engraving are to be used (can also be found at 
www.era.eu.org).

• The uniform colour index for Pantone colours in the Adobe standard must also be used.
• The maximum number of colours per packaging material must not be exceeded. A colour 

legend must be created. Special colours are to be created and marked as HKS or Pantone full col-
ours.

• Technical information must be presented separately.
• Hot foil stamping, lacquering, Braille, etc. must be applied in special colours.

Code

• A sufficiently large placeholder must be provided for the placement of the barcode.
• The free space required for the code to be read must also be maintained.
• Requirements regarding the representation of the different codes (GS1 guidelines) must be 

respected.

Technical guideline for the development of a design manual

Figure 14 Technical guideline for the development of a design manual (cont.)
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