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The use of screw caps to seal bottles 
for consumer use varies greatly from 
region to region. However, in North 
America, as in Europe, many medicines 
are sold in containers with screw caps. 
An important component and part of 
the packaging of many dosage forms, 
screw caps are employed to securely 
close containers holding powders, 
pastes, liquids and other products. 
The tightness they offer, i.e. the low 
permeability of gases, vapours and 
aromas, which is guaranteed even after 
re-closing, is unrivalled. Compliance 
with regulatory requirements and 
functional reliability aside, innovative 
manufacturers of medicinal products 
are increasingly using screw caps as 
an additional feature to offer added 
value to customers, patients or the 
pharmaceutical filler. Our article 
presents various possibilities of product 
protection with the help of innovative 
screw caps.

In the production of screw caps, plastic 
injection moulding is favoured for the 
freedom of design offered. After a one-
time investment in an injection mould, 
the manufacturer is very flexible when it 
comes to the choice of plastics and colours. 
Identical articles in several colours can be 
produced from one mould without much 
effort. The plastics can also be varied 
with each run, an important consideration 
for differing regulatory requirements. 
A batch can be made from a particularly 
temperature-resistant plastic, for example, 
or additives that optimise features such as 
opacity, UV-resistance or barrier properties 
added.

Recently, innovative brand owners 
have been focusing on enhancing primary 
packaging with additional benefits for 
consumers, patients, and bottlers, such 
as more information on the bottle. Brand 
owners can benefit from the generation 
of data for marketing. Beyond protecting 
the product from leakage and spoilage, the 
screw cap as primary packaging material 
can serve to prevent tampering and 
counterfeiting of the contents. The WHO 
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assumes that 1 in 10 medical products 
or medicines in low- and middle-income 
countries are falsified or substandard.1 
Steadily growing online trade ensures the 
global spread of such counterfeits.

Counterfeiting and manipulation take 
different forms. Unlike lifestyle items 
such as sunglasses, the packaging of the 
medicinal product is the most important 
clue to its authenticity. The packaging is 
often the only thing that laypeople, i.e. users 
and patients, can check for authenticity. 
With few possibilities to attach anti-
counterfeiting protection directly to the 
product, its primary packaging must take 
over this enormously important task. There 
are documented cases where the original 
packaging of cancer drugs was refilled with 
an ineffective substance and reintroduced to 
the market through criminal channels. Un- 
fortunately, undamaged original packaging 
makes it possible to repackage expired 
drugs or to circulate drugs that were 
originally intended for a different target 
market.

This article presents the various ways 
in which the screw cap, as the primary 
packaging material, can contribute to the 
protection of the contents. It is not only 
a question of protecting the product 
from manipulation, it also includes 
protecting the consumer from counterfeit 
products. Manufacturers, distributors, and 
pharmacists are also protected by adequate 
packaging. Tamper-proof packaging can 

protect against unjustified refunds or 
claims. It can also reveal which part of the 
supply chain has been tampered with.

Initial Opening Protection as a Base
There are a variety of ways to ensure the 
protection of the products, both visible and 
hidden. The basis of product protection is to 
ensure that the packaging and the product 
belong together. This means that hidden 
refilling, replacement, etc. of the contents 
must become impossible. At the same 
time, the packaging must not have limitless 
negative impact on usability; senior citizens 
and physically-impaired persons must also 
be able to open the packaging easily.

Sealing Foils on The Bottleneck
Sealing bottle openings with foil is a 
widespread, established way of protecting 
the contents. Consumers know this principle 
from their everyday lives, e.g. ketchup 
bottles or milk cans are sealed with foil 
under the cap. Before consumption, the 
sealing film must be removed. There are 
films that can be peeled off in one piece 
to enable the user to remove them easily. 
Films that cannot be removed in one piece 
and thus make resealing impossible offer a 
higher level of protection.

Induction and conduction sealing inserts 
are complex multi-layer sealing discs (see 
figure 1) which are mounted in the closure. 
After capping, the sealing insert is heated 
in a special sealing unit. An adhesive is 
activated and bonds to the neck of the 

Figure 1 – Structure of the induction insert
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bottle. Sealing usually takes place directly 
on the filling lines. This means that another 
work step must be integrated into the line 
and corresponding investments have to be 
made in the sealing equipment. In addition, 
there are sealing foils that are mounted in 
the closures, like the induction inserts. With 
these special inserts, however, the adhesive 
is not activated by induction heat, but by 
the pressure generated during the screwing 
process. These sensitive liners are only used 
for a few special applications.

When the bottle is opened for the 
first time, the film must be removed from 
the bottleneck to allow access to the 
contents. With sealing foils, a high degree 
of individualisation is possible through 
printing. The sealing creates a firm bond 
between the bottle and the film, providing 
additional protection for the contents. 
However, sealing on the bottle is not the 
best solution for all applications. For 
example, induction lines that seal on 
untreated glass bottles are only available 
for a few liquid substances.

Screw Caps with Tamper-evident Rings
Another possibility to protect the product 
from fraud is a tamper-evident ring on 
the closure (Figure 2). When the closure is 
screwed on, the tamper-evident ring grips 
behind the retaining ring of the bottle. When 
the bottle is unscrewed, the ring expands 
at the retaining ring and either tears off 
completely (also called "tear-off ring") or 
merely breaks, as is usually intended for 
beverage bottles. Consequently, the system 
only works if the closure and bottle are 
matched. The bottle must offer retention 
possibilities for the ring. After opening the 
closure, the tamper-evident ring remains 
either on the bottle or on the closure. There 
is no part to be disposed of separately, as in 
the case of an induction insert, which has to 
be removed and then disposed of. 

A major advantage is that the closures 
with tamper-evident rings can be activated 
without any further technical infrastructure. 
The closures can be screwed on manually, 
which is particularly attractive for bottlers 
with small batch sizes and budgets, or 
mechanically on a filling line. Unlike 
sealing film, the integration of additional 
technology is not necessary here. In contrast 
to bottlenecks protected with sealing film, 
it is possible to check the integrity of the 
closure while it is still screwed on. This 
means that the integrity of the packaging, 
and thus of the contents, can be checked 
throughout the supply chain. The tamper-

evident ring does not come into direct 
contact with the contents. Therefore, when 
designing a closure with a tamper-evident 
ring, the components that come into contact 
with the product can be manufactured 
unchanged from proven materials that may 
be approved of for product contact. The ring 
itself can, if necessary, be made of other 
materials than the closure. In the case of 
multipart closures, the colour of the ring 
can be contrasted.

Shrink Sleeves/Labels
It is also possible to guarantee the integrity 
of the packaging with the help of shrink 
sleeves or labels. In both cases, after 
filling, the closure is connected to the 
bottleneck or bottle from the outside with 
a paper or film. Before the first opening, 
the connection must be separated. These 
security measures are popular for small 
batch sizes and direct sales, such as wine 
sales in estate bars, because shrink films 
are easy to apply using a hot air dryer and 
labels can also be produced in very small 
runs on office printers. Integration into 
existing technical processes, on the other 
hand, is time-consuming and the result is 
not particularly tamper-proof. Therefore, 
this option is only mentioned in this article 
for the sake of completeness.

Figure 2 – Tamper-evident closures

VISIBLE SOLUTIONS
When product protection is visible, no tools 
are needed for checking. This means that 
everyone in the supply chain down to the 
customer can check whether the packaging 
is original and whether the product has 
been tampered with. The visible additional 
feature simultaneously increases the value 
of the product and the confidence of the 
users in it. It is vital, therefore, that the 
responsible persons are educated about 
the presence of the features.

Laser Marking of the Closures
The principle of laser marking of plastics 
is an established process that has been 
used in the beverage industry for many 
years. It is now also being used for primary 
packaging for pharmaceuticals, diagnostics, 
and analytics. Closures can be supplied 
with any desired laser marking. Important 
information such as the manufacturer, 
brand and product name or batch number 
can be lasered on. This makes it easier to 
identify the contents and avoids confusion. 
Other information such as thread size, 
temperature resistance or hazard symbols 
can also be lasered. The entire surface of 
the closure can be used for the inscription, 
not just the top plate. There are no costs for 
changes to the injection mould, embossing 
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Figure 3 – Hologram cap

die, or printing plate. This important 
marking of the closures can be done by 
the manufacturer as part of an extended 
service. Alternatively, with the appropriate 
equipment, customers can also carry out 
laser marking directly on their premises, for 
example, on the filling line. This makes for a 
considerable gain in flexibility in labelling. 

Each closure can be individually marked 
with the batch number or a data matrix code 
quickly and permanently, details which 
improve traceability. A data matrix code 
can hold a wide range of information, such 
as individual medication intake schedules, 
which users can transfer to their calendars. 
With laser marking, very fine markings are 
possible, even on smaller areas. This means 
that a high-information density is achieved. 
Since lasers only write with light, no 
materials other than electricity and suction 
are needed in the marking process. There 
is also no need for pre-treatment of the 
caps. With products such as ink and solvents 
made superfluous, there is no smearing or 
drying, and set-up times or downtimes for 
cleaning are eliminated. Experience from 
the food and cosmetics industries has 
shown that this reduces maintenance costs 
to a minimum.

Injection-moulded Holograms
Applying holograms to packaging using 
foils is an established process. In principle, 
there are no limits to the design. However, 
additional processing steps are necessary 

either in the filling line or after injection 
moulding of the closure, which means that 
the benefit is offset by a corresponding effort 
in terms of plant technology, integration 
effort, and thus, costs. An alternative to the 
classic application, which also promises 
lower costs in operation and maintenance, 
is the treatment of the mould surface with 
nanotech-patterns. The treatment gives 
the tool a structure (Figure 3); when hot 
plastic flows onto this surface, this plastic 
gets the imprint of the surface. Due to the 
precisely calculated refraction of light, the 
hologram appears on the surface of the 
closure when cool. In addition to the firm 
bond with the closure or primary packaging 
material made of plastic, this hologram 
has the advantage that no additional films, 
additives, or adhesives need to be used to 
apply the hologram. Established standard 
colours and plastics can be used to produce 
the closures, and no adaptation of the raw 
materials is necessary. 

The design of the hologram can either 
be taken from a database of existing and 
protected holographic images or created 
according to individual specifications and 
adapted to the customer's wishes.

HIDDEN SOLUTIONS
Unlike with visible solutions, special tools 
are needed to check packaging with invisible 
anti-counterfeiting devices. Depending on 
the desired purpose of the invisible solution, 
investments need to be made to equip the 

authorised entities in the supply chain 
with appropriate verification devices. This 
technique is ideal for detecting supply chain 
vulnerabilities, to guard against unjustified 
claims for damages, and to protect brands.

Fluorescent Pigments, Printing Ink
With a special inkjet printer and security inks 
invisible in daylight, parts made of plastic 
can be printed with almost any image. The 
printing can take place after filling, for 
example, and contain production-related 
information. Simple identification with a 
UV lamp, such as those used for checking 
banknotes, is possible. If necessary, the 
form of the closure must be adapted to the 
printing process for an optimal printing 
result. Besides the investment in the printer, 
there are costs for an additional work-step 
and for the care and maintenance of the 
printer. The introduction of inks into the 
filling process is considered a risk in some 
industries.

Fingerprint on the Surface of The Closures
One surface of the mould is given a special 
structure that can only be seen with 
a special camera. The injection mould 
thus leaves a fingerprint that appears on 
all parts produced from the mould. The 
unit costs remain unchanged and there 
are only one-time costs for coating the 
mould. The principle is comparable to the 
hologram technique presented earlier, with 
the difference that the hologram can be 
seen with the naked eye. This process is 
particularly suitable for applications with 
larger quantities where an identical marking 
is desired on all parts produced.

Taggants Incorporated in The Plastic
Taggants in the closure are microscopic 
particles that are invisible to the human 
eye but can be detected by using a detector 
device. These particles can be finely 
dispersed throughout the plastic granules. 
This technique can be used to authenticate 
the original container. Closures with and 
without the taggant are indistinguishable 
to the human eye, but when excited by a 
laser, produce a glow. 

The cap with taggant might show, for 
example, a green dot when a special laser 
pen shines on it, while the cap without shows 
no corresponding signal. This distinction 
now makes it possible to quickly recognise 
a cap equipped with a taggant as a security 
feature and the associated container as an 
original. This authentication can be done 
by human control using a detector device 
(e.g. laser pen). Alternatively, detectors can 
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be integrated into machines so that the 
authentication of containers can also take 
place in-line in production lines or process 
plants.

Closures with Integrated NFC Tag
One exception to the invisible solutions 
category are closures with integrated NFC 
tags. NFC or "Near Field Communication" is 
the same technology used for contactless 
payment with credit cards or key cards, 
and as a result, customer familiarity with 
this technology is steadily increasing. The 
closures are equipped with a tag that can be 
read at a distance of up to 15 cm. The level of 
security is very high. All chips have a unique 
serial code, and even the simplest chips can 
be blocked from being overwritten.

The tags are not visible from the outside, 
but their presence is often communicated 
by the brand owners. Special closures offer 
contactless communication with any NFC-
enabled smartphone. NFC readers are built 
into almost all modern smartphones. There 
are also devices that can be connected to 
computers, laptops, or tablets. As with 
the data matrix code, the product can be 
verified via the manufacturer's website.

This technology can be incorporated 
into most closures. This avoids costs for 
new injection moulds or mould changes. 
The closures keep their design because the 
chip is not visible from the outside. The fact 
that the chip does not come into contact 
with the product is an advantage for users 

Table 1 – Solution overview

Technology Initial 
outlay

Unit 
cost Authentification

Method Expenditure

Laser 
marking

very 
high high

visual without 
additional aids / 

tools
none

Holograms high very 
low

visual without 
additional aids / 

tools

none

UV colours high high visual with UV-
lamp middle

Nano-
coating

very 
high

very 
low

Special high-
resolution camera high

Polymer-
based 

solution
middle high Optical analysis 

with special tools high

NFC tag low very 
high

NFC reader (smart 
phone) low

in the food, chemical and pharmaceutical 
industries. 

A wide variety of information or 
commands can be programmed onto the 
chip. With corresponding applications, it 
can be verified that the product is not a 
counterfeit. This technology can also be 
used to communicate with a technically-
savvy target group. For example, links to 
websites, product data sheets or specially 

developed apps can be opened through 
communication between the closure and 
the smartphone. Therefore, in many cases, 
this hidden solution is actively promoted 
by the distributor.

Conclusion
Counterfeit protection is an important 
component in ensuring product safety and 
makes packaging more attractive. However, 
the best anti-counterfeiting protection 
only works if patients and customers are 
properly trained.

While this article is a brief overview 
of the most common options for product 
protection via primary packaging, in most 
projects, a combination of solutions is 
used. The optimal solution is as varied 
as the different areas of application of 
the closures. To choose the right one, a 
comprehensive examination of the project 
is necessary. Batch sizes, existing fillings 
and packaging technology, the product to 
be filled and the goal of individualization 
are important criteria in choosing the 
appropriate or unique design. The higher 
the level of customisation, the more difficult 
it is to counterfeit a product.
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