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The science of texture analysis has
numerous applications in the
manufacture of haircare products.  

Not only can the texture analyser, with its
wide range of capabilities, apply  specifically
designed test methods to the development of
these products – including refinement of
formulations and assessment of suitability of
proposed packaging materials – and to the
maintenance of high standards in production,
but it can also be used to validate claims
about product performance. 

Hair care products
With near 100% market penetration in the
USA and Europe, shampoos and conditioners
must not only fulfil the claims manufacturers
make about their effect on hair quality, such
as softness and “touchability”, but must be
easy and pleasant to use. This issue naturally
covers both product formulation and
packaging.

Extrusion

A thin, easily pourable, shampoo will require
the addition of different ingredients and/or
ingredient quantities than that required for a
thick conditioner. A product developer may
wish to create a product that squeezes out of
a tube and breaks sharply after squeezing.
One of the most common methods for testing
the effect of changes in formulation on
product consistency is extrusion. Stable
Micro Systems’ back extrusion rig  (shown in
Figure 1) and forward extrusion rig (which
simulate the force required to extrude the
sample by the consumer), provide simple and
objective analysis of the formulation of
viscous liquids like shampoos and
conditioners.

Such extrusion tests give an indication of
product physical failure and consistency.
Typical results are also shown in Figure 1.

Test results obtained from two shampoo
formulations (stored and tested at 25°C) give
the typical mean maximum positive force,
mean negative area, mean maximum
negative force and mean negative area values
as shown in Table 1.

Hair fixatives
Texture analysis is valuable in all the main
fixative categories. A wide range of tests has
been developed for hair gels, including
backward and forward extrusion, which
measures the product’s consistency, gel
strength, rupture force, adhesiveness and
elasticity. These characteristics are driven
primarily by formulation but can also be
influenced by external factors like
temperature and humidity. It is also possible
to quantify textural characteristics of
hairsprays.

Hairspray film toughness test

A desirable fixative is one which gives good
flexible hold, without giving hair a stiff feel.
This flexibility is one of the attributes of a
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Janusz Jachowicz, science fellow, ISP, and Jo Smewing, applications manager,
Stable Micro Systems, look at the role of texture analysis in designing the best
possible haircare products and methods of containing them.

Figure 1: Back Extrusion Rig

Typical curves produced from tests of two shampoo

formulations carried out in a 75% full, standard-sized back

extrusion container, which had been stored at 25°C

Table 1: typical results obtained from back extrusion tests of two shampoo formulations.

Sample

Mean max +ve force 
‘Firmness’
(± S.D.)

(g)

Mean +ve area
‘Consistency’

(± S.D.)
(g s)

Mean max -ve force 
‘Cohesiveness’

(± S.D.)
(g)

Mean -ve area
‘Index of viscosity’

(± S.D.)
(g s)

A 17.9 ± 0.9 156.5 ± 6.7 -10.4 ± 0.2 -97.7 ± 3.7

B 47.2 ± 0.8 404.9 ± 10.0 -25.5 ± 0.6 -309.3 ± 4.3

Firmness

Consistency

Index of viscosity

Cohesiveness

Formulation B

Formulation A
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"touchable" hair styling product. Polymers
can be evaluated for mechanical properties
using an objective film toughness test.
Polymeric films can be cast out of aqueous
solutions and conditioned in constant
temperature and humidity conditions. Each
film would then be stretched using a tensile
test, in which a variety of measurements,
including modulus, stress and strain, can be
determined. 

A Film Support Rig (see Figure 2) can be
employed for the measurement of biaxial
extensional properties of films. Prior to
performing the test, the sample is placed over
a hole in a raised perspex platform. A top
plate prevents the sample from slipping
during testing. The test is then carried out as
the arm of the TA.XTplus brings a 5mm
stainless steel ball probe down into the
aperture. The maximum force to rupture the
film is recorded and is referred to as the burst
strength of the film. The resilience and
relaxation properties of the film can also be
measured. 

Resilience can be assessed by depressing the
film surface to a chosen distance before
retracting the ball probe. The property is
calculated using a ratio of the work of
compression and work of withdrawal.
Similarly, relaxation can be measured with
the addition of a hold period within the test
to allow the product's recovery to be
evaluated. Rupture strength, resilience and
relaxation are important factors in
determining the mechanical properties of the
product, allowing manufacturers to optimise
product structure and formulation.

Hairspray tackiness

The test used to assess tackiness (or lack of
tackiness) on hands and hair during drying is
the application of a fixed amount of aqueous
polymeric solution to two horizontal and
parallel mounted pads. The texture analyser
moves the pads towards each other until they
come into contact; the force then required to
separate the two pads indicates the tackiness

of the solution. This procedure should be
repeated in a series of cycles, as the solution
dries, until no more tack is observed.

Alternatively, a polymer solution or a fixative
product may be applied in a specified
quantity to a special substrate characterised
by rheological properties similar to skin. A
TA.XTplus equipped with a flat or spherical
probe may be employed to produce a series
of substrate deformations with simultaneous
measurements of positive and negative forces
(related to tackiness) as a function of time.
The results may be interpreted in terms of
maximum tackiness force, integrated
adhesion, and duration of tackiness.

Wax hardness

When waxes are used in hair styling
products, the measurement of their hardness
(or firmness) is valuable in ascertaining their
contribution to final product texture.
Hardness, which is affected by the wax’s
melting point, may have a significant effect
on other physical properties. Measuring this
characteristic can therefore determine
whether a wax is suitable for use in products
to provide rigidity, good moulding properties,
or is capable of producing soft emollient films
with good lustre.

Firmness can be assessed by a simple
penetration test, using a cylinder probe
(shown in Figure 3 overleaf) or, if the

“Rupture
strength,
resilience and
relaxation are
important
factors...” 

Figure 2: Film Support Rig

Comparison of burst strength of

two types of gel film



product’s surface is uneven, a spherical probe.
The arm of the TA.XTplus moves the probe
downwards a defined distance and the user
records the force required to penetrate into
the product container. The higher this force,
the firmer or harder the product. Such
measurements are useful for selecting,
specifying, or both, a wax of a particular
consistency or firmness depending upon the
required end product texture.

Wax, gel and putty stickiness and
tackiness

The adhesive properties of waxes and softer,
more malleable hair styling gels and putties
can be measured using a range of adhesive
tests. These products can be heavy and greasy
if not used in the correct quantity. Normally,
they hold hair through seam welds. This
holding power is created by the internal
stickiness or cohesiveness of the materials.
These materials do not “dry” because they are
not water-soluble. This characteristic is useful

because the bonds can be easily remoulded by
the user running the hands through the hair,
but potential stickiness is a negative aspect.

Exponent™ software provides the means of
controlling the TA.XTplus texture analyser in
a specialised adhesive test.  A cylindrical (or
spherical, if the product surface is not flat),
probe applies a defined force to the surface
of the sample for a specified time to achieve
a good bond between the two surfaces. It is
then moved away from the product and the
force to separate the two surfaces is measured
and defined as an assessment of product
stickiness / adhesiveness / tackiness. 

The magnitude of the absolute positive value
corresponds to the ‘stickiness’. The area under
the profile represents the energy required to
separate the wax from the probe, known as
‘work of adhesion’. The larger the maximum
peak force, the stickier is the sample. The
results in Table 2 show that the strong wax
(sample A) was stickier than the regular wax
(sample B). The regular wax required greater
total force to separate from the probe (work of
adhesion) because it was softer and flowed
with the probe as it withdrew from the sample.

Temperature testing for waxes

Severe temperature changes will affect the
firmness and stickiness of hair wax. These
impact on the ease of use of the product, and
its ultimate consumer appeal. Studies can be
carried out at different temperatures with the
use of a thermal cabinet (see Figure 4
overleaf), which is attached to the texture
analyser. Texture tests can then be performed
within the cabinet, ensuring consistent (and
realistic) environmental conditions.

Testing packaging
Equally important as the formulation of the
product and its performance is its packaging.
Not only does packaging play an essential
branding role, on shelf, it helps the product
stand out from its competitors and attract the
consumer’s eye. At the same time though, it
must be easy, yet safe, to use.
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Figure 3: Cylinder Probe

Curve produced during a cylinder

probe penetration test comparing

two hair gel samples

Sample

Max peak force 
‘Stickiness’
(± S.D.)

(g)

Mean area
‘Work of adhesion’

(± S.D.)
(g s)

A 169.0 ± 17.5 50.0 ± 3.0

B 387.7± 13.6 24.9 ± 3.9

Table 2: test results obtained from five hair wax samples
(of each type) give the following mean maximum force
and mean area values.
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Tube extrusion

Hair products supplied in tubes, such as gels
and some travel-sized shampoos and
conditioners, can be difficult if the packaging
material is too stiff, or if the tube’s aperture is
too small. Stable Micro Systems has
developed a test (see Figure 5), which imitates
the extrusion process, allowing manufacturers
to specify the correct materials and
production specifications for tube packaging.

The tube is positioned vertically between two
rollers, with the closed end clamped with a
grip at the top. The grip then pulls the tube
upwards through the rollers, forcing the
contents out. The higher the force recorded
during this test, the more difficulty a
consumer would experience in squeezing out
the product. This test not only assesses the
suitability of the packaging itself, but also the
textural consistency of its contents.

Aerosol canister deployment

Using aerosols can also be problematic,
particularly for the elderly or infirm, if their
buttons are stiff. While it is important that
sprays are not accidentally triggered during
production or transport, they must deploy
easily when needed at home. Using a cylinder
probe, manufacturers can imitate a finger
depressing the button of an aerosol (see
Figure 6). The product is held in grips on the
base or the TA.XTplus, while the probe moves
vertically downwards a defined distance
towards the button. The lower the force
required to press the button and release the
spray, the easier its use will be for the
consumer.

Summary
Texture analysis techniques are valuable for
all manufacturers of personal care products.
From concept development through to QC
testing of finished, commercialised products,
they allow accurate and repeatable
measurements of characteristics which are
central to product performance and
acceptance.

Figure 4: Thermal Cabinet

Figure 5: Sachet/Tube Extrusion Rig

Assessment of extrusion characteristics

of a toothpaste tube

Figure 6: Aerosol Activation Test

Assessment of actuation force of liquid soap

Text originally published in 
Cosmetics and Toiletries (USA)

“... from
concept
development
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QC testing...” 


