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EXPERT INTERVIEW 
Shelf Life Modelling

From Guesswork to Digital Foresightt

FRAUNHOFER IVV SERIES · PART 3 OF 3

In this three-part interview series, developed in collaboration with Fraunhofer IVV, we explore key future topics in cosmetics,  
concluding with how digital shelf life modelling and sensory science can support more reliable and sustainable product development.

Cosmetic products must remain stable, appealing and safe while formulations, packaging materials and supply 
chains become increasingly complex. At Fraunhofer IVV, digital shelf life modelling and sensory science are 
combined to support better-informed development decisions. In this interview, Dr. Matthias Reinelt and  
Prof. Dr. Jessica Freiherr explain how companies can evaluate product stability, packaging interactions and sensory 
acceptance earlier, faster and with greater confidence.

Prof. Dr. Jessica Freiherr 
Group Leader Sensory and  
Multisensory Systems *

Dr. Matthias Reinelt 
Group Leader for Shelf Life  
Modelling and Digital Tools *

Shelf life is not just a  
regulatory requirement –  
it is a strategic parameter
Dr. Matthias Reinelt

EURO COSMETICS: Dr. Reinelt, why 
do development cycles in the cosmetics 
industry need new tools today?    
Dr. Matthias Reinelt: Because the mar- 
gin for error has become very small. 
Formulations are more complex, 
packaging systems are changing 
rapidly, and products are moving 
through longer and sometimes less 
predictable supply chains. At the 
same time, development timelines 
are getting shorter.
Many companies still rely on classi-
cal storage tests to answer shelf life 

questions. These tests are impor-
tant, but they are slow, costly, and 
often only provide answers very late 
in the development process — when 
key decisions have already been 
made. If something goes wrong at 
that stage, the consequences are 
expensive reformulations, packag-
ing changes, or delayed market 
launches.
What is needed today is the ability to 
anticipate how a product will behave 
under real conditions, not just to 
observe it after the fact.

EURO COSMETICS: What exactly is 
shelf life modelling – and how does it 
differ from classical shelf life testing?    
Dr. Matthias Reinelt: Shelf life is often 
treated as a single number on a 
label. In reality, it is the result of 
dynamic chemical and physical  
processes that evolve over time and 
are influenced by temperature, 
humidity, packaging properties, and 
product composition.
Shelf life modelling takes this 
dynamic nature seriously. Instead of 
simply measuring when a product 
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becomes unacceptable, we focus on 
how fast quality-relevant proper-
ties change and what drives those 
changes. We translate experimental 
data and existing knowledge into 
quantitative models based on 
physical and chemical principles.
These models allow us to simulate 
realistic scenarios: different packag-
ing materials, transport routes, 
climatic conditions, or even produc-
tion tolerances. The result is not just 
a shelf life estimate, but a much 
deeper understanding of why a 
product behaves the way it does, 
and, most importantly, how we can 
influence that behaviour.

EURO COSMETICS: How early can 
these models be applied?    
Dr. Matthias Reinelt: Much earlier 
than many companies expect. Shelf 
life modelling is especially valuable 
in early development, when formu-
lations and packaging concepts are 
still flexible.
At this stage, simulations help to 
quickly eliminate unsuitable options 
and identify promising combina-
tions. Instead of physically testing 
ten different packaging materials 
over months, we can already narrow 

the choices digitally and focus ex-
perimental efforts where they make 
the most sense.
This accelerates development, re- 
duces costs, and prevents unneces-
sary loops later on.

EURO COSMETICS: Packaging devel-
opment often oscillates between sus-
tainability goals and product pro- 
tection. Where do companies typically 
go wrong?   
Dr. Matthias Reinelt: We often see two 
extremes. On the one hand, over-
packing: materials with excessive 
barrier properties that consume 
more resources than necessary. On 
the other, underpacking: packaging 
concepts that look sustainable or 
cost-efficient but do not adequately 
protect the product.
Both are costly in different ways. 
Overpacking wastes material and 
energy. Underpacking leads to quali- 
ty losses, consumer complaints, or 
even safety risks.
The problem is that decisions are 
frequently made without a quantita-
tive understanding of the real pro-
tection needs of a specific product. 
Shelf life modelling brings clarity 
here by linking product sensitivity 
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directly to packaging properties, 
geometry, and tolerances.

EURO COSMETICS: How does simula-
tion help avoid unnecessary develop-
ment effort?    
Dr. Matthias Reinelt: One of the biggest 
strengths of modelling is sensitivity 
analysis. We can test how sensitive a 
product is to oxygen ingress, mois-
ture transfer, temperature fluctua-
tions, or even small defects such as 
imperfect seals.
This allows us to quickly identify 
weak points and sort out options 
that simply do not meet the require-
ments – before investing in tooling, 
large-scale tests, or commercial pro-
duction. At the same time, it helps to 
identify surprisingly robust solu-
tions that might otherwise be 
overlooked.

EURO COSMETICS: Which chemical 
changes most often limit cosmetic shelf 
life?    
Dr. Matthias Reinelt: Autoxidation is a 
major topic, especially for formula-
tions containing unsaturated oils, 
fragrances, or natural extracts. This 
can lead to off-odours, discoloura-
tion, loss of efficacy, or the forma-

Sensory evaluation complements analytical data when assessing cosmetic shelf life.
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tion of undesirable by-products.
These processes are often slow and 
not immediately visible, but they 
accumulate over time – and global 
supply chains intensify the problem 
through fluctuating temperatures 
and long storage periods.
A quantitative understanding of 
these mechanisms is key to man-
aging them effectively.

EURO COSMETICS: Can packaging 
alone mitigate these risks?    
Dr. Matthias Reinelt: Usually not. Shelf 
life is the result of an interaction 
between formulation and the sur-
rounding conditions during supply 
chain or storage. This connection is 
just translated and mitigated by the 
packaging system. Sometimes 
improving the barrier properties of 
the packaging is the most effective 
solution. In other cases, small for-
mulation adjustments – for example 
antioxidants or stabilisers – can sig-
nificantly increase robustness.
Shelf life modelling helps to evaluate 
these trade-offs objectively. Instead 
of guessing, companies can make 
informed, fact-based decisions.

EURO COSMETICS: Prof. Freiherr, why 
is sensory perception so important 
when defining shelf life?    
Prof. Jessica Freiherr: Because con-
sumers rarely reject a product 
because of a measured chemical 
limit – they reject it because it no 
longer smells, feels, or looks as 
expected.
Very often, the sensory threshold is 
reached before a safety limit. A 
cream that smells rancid or feels 
unpleasant will be discarded re- 
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gardless of its chemical stability. 
That is why sensory quality is a key 
shelf-life-defining factor.

EURO COSMETICS: How can sensory 
perception be integrated into shelf life 
modelling?    
Prof. Jessica Freiherr: The crucial step 
is translating sensory acceptance 
into measurable parameters. Instead 
of treating “still acceptable” as a 
vague concept, we define clear 
thresholds: what constitutes a per- 
fect product, what is just acceptable, 
and what is no longer acceptable or 
will be rejected.
These sensory thresholds can often 
be linked to chemical or physical 
indicators, such as oxidation level, 
water content, or textural changes. 
This creates a bridge between con-
sumer perception and technical 
modelling – and makes shelf life 
decisions much more robust.

EURO COSMETICS: What is the benefit 
of combining shelf life modelling and 
sensory science?    
Prof. Jessica Freiherr: It provides a 
holistic view of product compatibil-
ity across the entire supply chain. 
Chemical safety, sensory accept-
ance, packaging performance, and 
consumer expectations are not 
separate topics – they are deeply 
intertwined. When these aspects are 
evaluated together, companies can 
avoid unpleasant surprises late in 
development or after product 
launch.

EURO COSMETICS: Who benefits most 
from this approach?    
Dr. Matthias Reinelt: Innovative com- 

panies, especially those working 
with novel formulations, reduced 
preservatives, or sustainable pack-
aging materials. SMEs benefit as 
well, because digital tools help them 
use their development resources 
more efficiently.
Ultimately, anyone who wants to 
make confident decisions under 
uncertainty gains value from 
modelling.

EURO COSMETICS: What role does this 
play in sustainable development?    
Prof. Jessica Freiherr: True sustaina-
bility means avoiding waste at every 
level – materials, energy, products, 
and even development effort. By 
preventing both overdesign and 
quality losses, science-based devel-
opment supports genuine sustaina-
bility rather than symbolic mea- 
sures.

EURO COSMETICS: What should deci-
sion-makers take away from this?    
Dr. Matthias Reinelt: Shelf life is not 
just a regulatory requirement – it is a 
strategic parameter.
Prof. Jessica Freiherr: And the earlier 
it is addressed in product develop-
ment process, the greater the bene- 
fits.
Together, digital modelling and sen- 
sory science turn shelf life from a 
risk into a competitive advantage – 
and from guesswork into foresight.

EURO COSMETICS: Thank you for 
sharing these insights with us. n
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The Fraunhofer Institute for Process Engineering and Packaging IVV develops  
tailor-made solutions for the cosmetics industry, from raw materials to production 
and packaging to the final product. A team of experts at Fraunhofer IVV investigates 
the sensory experience and effectiveness of products. This involves examining how 
fragrances, textures and packaging influence the overall product experience.  
The psychophysiological effect of the products is reliably tested and verified using 
specially developed and validated methods for claim testing. Another focus is on  
the extraction and selection of functional plant-based raw materials and the develop-
ment of alternatives to synthetic ingredients. 

http://www.ivv.fraunhofer.de
 



