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abstract

H

air fibres have no active or renewable protective mechanisms, yet hair provides an essential beauty and protective function
where each fibre may need to last several years. Glycine-betaine (GENENCARE® OSMS BA by DuPont Industrial Biosciences),
well known for its protein protection and osmolyte properties has established skin benefits and has the potential to protect and
improve the protein structure of hair as it experiences the rigours of everyday cosmetic routines.
Using a variety of analytical HPLC and HPDSC (High Pressure Differential Scanning Calorimetry), molecule vibration and rotation
(Raman spectroscopy) and mechanical (tensile testing techniques), it has been demonstrated that Glycine-betaine is a natural
component of human hair. In addition, it has been shown that it can be delivered to the cortex of the hair using typical hair care
formulations. When present in the cortex, Glycine-betaine helps to influence the relationship between intermediate filaments
(IF’s) and intermediate filament associated proteins (IFAP’s) resulting in improved hair strength.

factant irritation on skin. It has also been shown to increase
skin moisturisation. All of these effects are consistent with its
function as an osmoprotectant.
Therefore, we have posed the hypothesis, could Glycine-betaine be naturally present in hair and form a natural protective
mechanism? And, will supplementation via hair care products
deliver measurable hair benefits?

Method
As a small (mol wt. 117), water soluble molecule it is ideally suited to penetrate hair when delivered from a variety of
wash off and leave on formulations. To address the hypothesis, we need to demonstrate its presence in the fibre, delivery inside the hair, activity within the hair cortex and finally,
a measurable effect on hair properties. To this end we have
used the following techniques do demonstrate the effect of
Glycine-betaine on hair.
Glycine-betaine, a natural component of hair
Using an HPLC technique designed for the analysis of Glycine-betaine in urine we have demonstrated, via simple hot water extraction, we found a measurable level of betaine in hair. [1]
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Although hair is both functional and essential to life, the fully
formed and visible fibre possess no metabolic activity and has
no means of self-repair. All regulation of protein and membrane function is due to the final composition and internal
arrangement of proteins and lipids, and is concluded within the hair follicle. Therefore, it has been hypothesised that
hair contains a number of internal components, chemistries
or mechanisms to maintain its protein structure and function
over a range of normal environmental conditions and rigours
of everyday consumer habits and practices. When considering individual fibres, the hair must maintain its structure and
function for periods up to three years, equivalent to long hair
styles.
Glycine-betaine (INCI name betaine), is established as an osmoprotectant providing cellular and protein protection from
circumstances of thermal and oxidative stress. These extremes
in conditions are very relevant to everyday cosmetic procedures such as shampooing, bleaching, colouring, perming
and heat drying. Virtually every day, hair will range from
low humidity environments with additional heat treatments
through to total saturation with the addition of surfactants
known to affect and denature hair structure and function.
Glycine-betaine is extracted by chromatography from sugar beet molasses. It has previously been established that it
can reduce surfactant damage to proteins and reduce sur-
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Fig. 1 Increase of glycine-betaine content in hair
after wash with shampoo with 5% Glycine-betaine. LSMEANS from GLM (General Linear Model)
with FIXED and RANDOM effects. Tukey Pairwise
Comparisons show a significant effect of the
treatment (p=0.036).

Fig. 3

Mean fluorescence intensity (a.u.) and pictures of hair cortex before and after
shampoo washing

Delivery of Glycine-betaine from a shampoo in vivo:
It has been demonstrated the possibility of adding additional
Glycine-betaine to the fibre via a wash off cosmetic product such
as shampoos. An in vivo study sampled hair from 10 individuals not using or taking products containing Glycine-betaine. All
were given a shampoo containing 5% Glycine-betaine to use ad
lib as part of their normal hair care regimen. Fresh samples were
taken from each individual after 6 weeks and prepared as above.
Glycine-betaine show a significant increase of 7.9x (Fig. 1).
Penetration of Glycine-betaine in to the fibre sub structure
Hair is a complex, multi-compartment substrate (cuticle, cortex, medulla, cmc etc.) which often makes it challenging to
draw definitive conclusions from ingredient uptake studies.
Analysis of bulk samples does not differentiate between surface deposition and penetration and it is often difficult to
know exactly where the material resides [2]. Therefore, one
must use additional methods to identify ingredient location
and the site of action.

Fig. 2 Raman confocal microscopy study indicates that Glycin-betaine
infiltrates into hair shaft and covers evenly its cross-section
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Using Raman confocal microscopy Glycine-betaine has been
shown to penetrate deep in to wool fibres; fibres that have
a remarkably similar structure to hair with similar penetration
properties. The results show penetration as far as the centre
of the fibre (Fig. 2) indicating Glycine-betaine is present in
both the cuticle and the cortex.
Using scanning fluorescence microscopy (Fig. 3) Glycine-betaine is shown to penetrate in to the cortex of both
virgin and bleached human hair from conventional shampoos. [3]
Although many ingredients can penetrate the hair fibre one
needs to demonstrate an effect on the protein structure and
resultant hair properties. The tensile properties of the fibre
are dictated by the cortex with little or no cuticle involvement. The cortex is composed of numerous long cortical
cells. Each cell contains numerous intermediate filaments
embedded in a matrix of intermediate-filament associated
proteins (Fig. 4.) and well known as the two phase model
proposed by Feughelman [4].

Fig. 4

Cross section of a cortical cell showing intermediate
filaments (white dots) embedded in a matrix of intermediate filament associated proteins.
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Fig. 5 Reduction in enthalpy of normal virgin hair washed

Fig. 6 Increased elastic modulus and stress at 15 % elongation after

with 2% aqueous Glycine-betaine for 2 minutes.

15 minutes treatment with 5% Glycine-betaine

Many cosmetic products and processes e.g. surfactants,
bleaching, heat etc. can affect the interaction between the
IF’s and IFAP’s and have a negative effect on hair strength and/
or hair performance.
Measuring the effect of Glycine-betaine on cortex proteins
Protein structures and relationships can be investigated using Differential Calorimetry [5]. The method typically reports
two figures i.e. the denaturation temperature (Td), a measure of denaturation of the intermediate filament proteins,
and enthalpy (∆H) a measure of the viscosity of the IFAP’s
or IF environment. In the following studies Glycine-betaine
was applied to normal and bleached hair as a 2% aqueous
solution for 2 minutes and the effect on the denaturation
temperature (Td) and enthalpy (∆H) were measured. Glycine-betaine had little effect on the Td but was shown to decrease the enthalpy value, particularly in normal hair (Fig. 5).
These data clearly demonstrate the presence of Glycine-betaine within cortical cells and affecting the interaction between
intermediate filaments and their associated proteins.
These studies show that Glycine-betaine can be delivered in to
the hair cortex from rinse-off products (in vitro and in vivo) and
the effect measured at the fundamental protein structure of the
fibre However, there remains the question of whether the effect
of Glycine-betaine can be demonstrated on bulk hair properties.
The effect of Glycine-betaine
on hair tensile properties (strength)
Tensile testing is a long established method and is designed to
measure changes in the longitudinal properties (strength) of
the fibre. Load elongation is controlled by the hair cortex with
no involvement from the cuticle. [6]
5% aqueous solutions of Glycine-betaine were applied to
normal oriental hair for 15 minutes. Tensile data showed an
increase in both the elastic modulus and stress (force) at the
15% elongation index (Fig. 6.). Both measures demonstrate
Glycine-betaine is having a direct effect on the properties
of the cortex resulting in an increase in hair strength. An increase in both measures could be expected to increase bend10

ing stiffness (increased modulus resulting in improved body
and volume of the hair bundle or hair style.
In summary, Glycine-betaine is a small, natural ingredient ideally suited for aqueous delivery to the hair. We have shown
that it is a normally occurring component that may be involved in the natural protection mechanisms of the fibre, and
can be increased throughout the fibre. Using analytical techniques we have shown that the ingredient penetrates to the
hair cortex and exerts an effect on the interaction between
intermediate filaments and intermediate filament associated
proteins. The presence and effects of Glycine-betaine in the
cortex are of a magnitude that can be measured by more
conventional tensile testing and demonstrates a measurable
positive effect on the fibre’s mechanical properties. It is well
known that all hair (virgin and treated) shows a progressive
decrease in mechanical properties from root to tip resulting
in fibre breakage. Maintaining and building fibre strength allows the consumer to enjoy better quality hair for longer and
all along the length of her style. Consequently, hair in better
condition will maintain its appearance, body and style and be
less likely to break leading to increased consumer satisfaction.
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