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Session Sponsored by

Session 1
Hair Biology

MONDAY, JUNE 6TH

Chaired by Mike Davis from Procter & Gamble



Monday, June 6th

8:30a - 8:45a Welcome & Introductory Remarks

8:45a - 9:30a
Plenary: Advances in the Use of Ex Vivo and In Vitro Models to Understand
Hair Biology and Hair Fibre Formation

Prof. Mike Philpott, Queen Mary University of London, UK

9:30a - 10:00a
Molecular Responses to Visible Light Suggests Roles in Maintaining Hair Growth

Gill Westgate, University of Bradford, UK

10:00a - 10:30a
Complexity of the Hair Follicle as Seen with Confocal Imaging of the Normal and
Diseased Follicle

Maria Hordinsky, University of Wisconsin, USA

10:35a - 11:05a
Why Does Hair Change With Age? Insights Into the Importance of a Healthy
Follicle Environment

Rachael Williams, University of Bradford, UK

11:05a - 11:35a
Effects of CBD on Hair and Hair Growth

Jamie Baumgarner, Panacea Life Sciences, USA

11:35a - 12:05p
Simulating Cosmetic Results by Artificial Intelligence and Skin Color Rendering,
a New Way to Cross the Evaluation of Consumer Preferences

Anthony Galliano, L’Oréal Research and Innovation, France

10:30a - 10:35a
Five-Minute Comfort Break



Speakers & Abstracts
SESSION 1



Professor Mike Philpott

Professor of Cutaneous Biology at Barts and The London School of Medicine and Dentistry,
Queen Mary University of London (QMUL) 

Mike Philpott is currently Professor of Cutaneous Biology at Barts and The London School of Medicine and Dentistry, Queen Mary University of
London (QMUL) and leads the AFRUK Animal Replacement Centre of Excellence (ARC) at QMUL. Mike Philpott originally worked for the Ministry of
Defense (Navy) before going on to study Marine Biology and Biochemistry at the University of Wales, Bangor graduating in 1986. He obtained his D.
Phil from the University of Oxford in 1990 the title of his thesis was ‘Studies on isolated hair follicles’ from which he published on the in vitro culture
and growth of human hair follicles now referred to as the ‘Philpott model’. He continued his research into hair follicle biology at the University of
Cambridge before taking up an academic post QMUL in 1996. His research interests include hair biology, wound healing, the role of cortisol in skin
biology, steroidogenesis and sebocyte differentiation and the role of hedgehog signalling and Gli transcription factors in the development of basal
cell carcinoma. During his PhD Mike Philpott developed a very strong interest in animal replacement science and much of his subsequent career
has focused on the development of human models for human skin disease. 

The culture of isolated human hair follicles has proven to be a useful model in aiding our understanding of many aspects of hair

biology including hormonal and growth factor signalling, the role of therapeutic drugs and hair follicle metabolism and to some

extent aided in understanding some aspects of the hair cycle although the lack of fully cycling hair follicles has proven a major

disadvantage. In recent years changes in cosmetic surgery procedures has made sourcing of human scalp skin from which to

obtain hair follicles more challenging. However, with the advent of new techniques including spheroid cultures and 3D tissue

printing with the use of induced pluripotent stem cells (IPSC), primary and immortalised cell lines we are entering a new and

exciting phase in hair follicle modelling.

Abstract

Advances in the Use of Ex Vivo and In Vitro Models to
Understand Hair Biology and Hair Fibre Formation

Professor Mike Philpott  

8:45a - 9:30a

PLENARY



Dr Gill Westgate 

Centre for Skin Sciences, Faculty of Life Sciences, University of Bradford, Bradford, UK

Dr Gill Westgate works at the University of Bradford, UK home to the Centre for Skin Sciences, a major centre of excellence for skin and hair
research. Her role is to develop sustainable partnerships between industry and academic researchers. Gill has a degree in Biochemistry and
obtained her PhD studying hair follicle biology. Her considerable cosmetics industry experience has growth through over 20 years working for
Unilever and more recently developing and supporting many large research programmes with industry funders. She co-founded Cosmetics Cluster
UK in 2020, a peer-to-peer membership organisation and is a co-founder of the College of Trichological Science and Practise which delivers online
qualifications.  
  
Gill is globally recognised as both a follicle and fibre expert having developed in vitro models that provided both fundamental understanding of the
regulation of hair growth as well as producing scientific claims support for several global brands. She continues to publish review articles on
various aspects of hair science and to share her knowledge with industry scientists in educational courses. 

Recent science is revealing that hair and scalp is very responsive to biophysical, psychophysical and chemical stimuli from the

environment.  Many researchers are harnessing these properties in strategies to improve scalp and hair health.  The impact of

visible light on hair health has benefitted from several years of study using devices containing red LED arrays. The target molecule

for red light is proposed to be cytochrome C with activation improving energy balance in cells. However, direct effects of visible

light on other non-visual cell molecular targets, such as cryptochromes and opsins in hair follicle cells is in its infancy. We now

know that blue light interacts with cryptochromes and opsins in the hair follicle and these targets may have roles in maintaining

hair growth. 

Abstract

Molecular Responses to Visible Light Suggests Roles
in Maintaining Hair Growth

Dr Gill Westgate, University of Bradford, UK

9:30a - 10:00a



Prof. Maria Hordinsky

University of Minnesota, USA 

Maria K. Hordinsky, M.D. is Professor and Chair of the Department of Dermatology at the University of Minnesota and also leads the Department’s
Clinical Research Division. Dr. Hordinsky is recognized for her clinical expertise and research in hair diseases and the peripheral nervous system as
it relates to hair follicle biology. She is a member of the Board of Directors of the American Academy of Dermatology and the Cicatricial Alopecia
Research Foundation. She is also the Immediate Past President of the American Hair Research Society. 
 
Dr. Hordinsky has some 200 publications and regularly lectures and teaches on hair diseases. She divides her time between seeing patients with
residents and medical students in her clinical practice associated with University of Minnesota Physicians, doing clinical research, teaching, and
administration. 

Utilization of confocal imaging techniques and application of artificial intelligence (AI) are changing how normal and diseased

scalp and hair are evaluated. In this presentation, confocal images of normal scalp and scalp affected by alopecia areata,

androgenetic alopecia, and lichen plano pilaris will be presented. Focus will be on the differences seen in scalp vasculature, hair

follicle innervation and neuropeptide expression. This section will end with a discussion of the symptomatic scalp – the burning,

itchy or painful scalp without any obvious skin disease. The session will end with a presentation of how AI is now being used to

assess and monitor scalp health and hair growth.

Abstract

Complexity of the Hair Follicle as Seen with
Confocal Imaging of the Normal and Diseased Follicle

Professor Maria Hordinsky, University of Wisconsin, USA

10:00a - 10:30a



Rachael Williams

University of Bradford, UK

Rachael Williams is a hair and skin biologist based at The Centre for Skin Science at The University of Bradford, UK. Her expertise is in hair follicle
and scalp biology, in particular alterations in the female scalp and hair follicle with age. Rachael has worked for the last 8 years at The Centre for
Skin Sciences as a Research Assistant doing contact research for the hair care company Aveda. Rachael is also the manager of the ‘Skin Microbiome
in Healthy Ageing (SMiHA) Network’, an interdisciplinary network focused on ageing and changes in the skin microbiome. 

Hair aging in women encompasses a loss in hair follicle number and thickness, along with alterations in hair fiber texture. The

mechanisms driving these age-associated changes is an emerging field and it is exciting to finally drill down to what may cause the

hair follicle to alter so much with age. We believe the scalp is the hair follicle environment and the health of this environment

impacts the residing hair follicle and the hair cycle. We have looked at changes in the scalp of women aged 19-82 years to identify

factors that contribute to these perceivable hair changes. Our research has identified change in the internal structure of the scalp

alongside changes in gene and protein expression at a cellular level within the dermis surrounding and supporting the follicles

,and within the hair follicle dermal sheath, which plays a vital role within the hair cycle. We will present evidence as to why we

believe the hair follicle environment plays a crucial role in hair aging and that the hair follicle dermal sheath doesn’t only support

the hair follicle but also the aging dermis. 

Abstract

Why Does Hair Change With Age?
Insights Into the Importance of a Healthy Follicle Environment

Rachael Williams, University of Bradford, UK

10:35a - 11:05a



Hair loss affects an estimated 50% of Caucasian men and 19% of Caucasian women with an increase in hair loss as people age. The

root cause of hair loss varies, and although not life threatening, negatively impacts a person both psychologically and socially,

especially in women. In the United States, individuals spend more than $3.5 billion on hair loss products and procedures marketed

to promote restoration of hair growth, many of which provide marginal improvements. Since the legalization of industrial hemp

products in 2018, multiple health benefits of these cannabinoid rich products have been reported. Cannabis sativa L. (industrial

hemp) extracts contain over 500 unique chemical compounds (the most commonly known cannabinoids tetrahydrocannabinol

and cannabidiol) with a wide range of reported health benefits including improvements in scalp and hair health. In order to

facilitate a discussion regarding the use of hemp oil in hair and scalp care, this presentation will provide an introduction to the

hemp plant, including a brief description of regulations when working with hemp products, then highlight recent data on effects of

hemp extracts on hair growth.

Abstract

Effects of CBD on Hair and Hair Growth

Dr James Baumgartner, Panacea Life Sciences, USA

11:05a - 11:35a



Dr James Baumgartner

Panacea Life Sciences, USA

James (Jamie) Baumgartner joined forces with Leslie Buttorff in 2017 to launch Panacea Life Sciences. Jamie brings over 25 years of
pharmaceutical drug discovery experience to Panacea Life Sciences, reinforcing Panacea’s mission of developing efficacious and quality
cannabinoid products for people searching for innovative approaches to boost their health. Working with Panacea allows Jamie to combine his
scientific and business acumen with his lifelong passion to bring meaningful products to people in need. 
 
Jamie holds a Bachelor of Science in Biochemistry from University of California at Davis and a Ph.D. in Biochemistry from Washington State
University. Following postdoctoral training in pharmacology at the University of Queensland, Jamie transitioned from academia to the
pharmaceutical industry where he worked as a research scientist at Zymogenetics and Amgen to drive new drug discovery for novel biologicals and
small molecules, respectively. Through his research efforts, Jamie revolutionized the discovery process to decrease the time for development of
clinical candidates and to increase confidence in successful clinical trials.  
In 2003, Jamie joined MDS Pharma Services to lead the pharmacology business unit that strengthened his business acumen and broad scientific
excellence. During his 12 years at MDS Pharma Services, he worked with over 700 biotechnology and pharmaceutical companies to reach
unparalleled levels of success, especially in the area of advancing projects to investigational new drug filings. Jamie led the pharmacology unit
based in Seattle and Taiwan to growth revenue of 5-fold through developing predictive and innovative approaches for drug characterization.  
 
In 2013, after guiding the successful merger of the pharmacology unit with Eurofins, Jamie served as the Chief Scientific and Business Development
Officer of MyCROsite, a preclinical and translational medicine research company. In the course of performing client-based research, Jamie and his
team were asked to evaluate cannabinoids for their effects on pain and anxiety. Based on the observed efficacy of industrial hemp extracts to
alleviate various forms of pain, Jamie decided to focus on the research and development of cannabinoids as dietary supplements, which led to his
joining of Panacea Life Sciences. 
 
Jamie has served in various roles at Panacea, most recently concentrating on New Product Development and Quality Initiatives to increase the
creation of purposeful medicines and to build a Quality Culture. Jamie is also responsible for developing Panacea’s scientific portfolio, including
the coordination of research activities at Panacea’s Cannabinoid Research Center located at Colorado State University (CSU). Jamie established
the Panacea Scientific Advisory Board to help Panacea become a leader in cannabinoid research, education and clinical medicine. During his time
as Chief Science Officer, Jamie initiated collaborative research partnerships with CSU, CU Anschutz, Iowa State University, and Arizona State
University. Jamie has authored over 100 articles focused on how cannabinoids benefit human and animal health and is a frequent guest on the
Tom Martino Troubleshooter radio show to responsibly educate listeners on the use of cannabinoid extracts. 



The objective is to evaluate the aesthetical accordance & preference of consumer between the simulation by Artificial Intelligence

of the colour rendering of cosmetic product (hair color or make-up), and a wide range of skin tone on different personae.  

 

The photographs of professional top models, representing several ancestries (Non-Hispanic European and Euro-American - East

Asian - Hispanic Euro-American - African American ancestries), were used to virtually modify skin tones (from very light, to very

dark skin tone) and cosmetic products colour (hair colour, make-up) by an Artificial Intelligence (A.I)-based algorithm. Hence, a

large number of modified photographs were then assessed by local panels, reaching 300 women in several countries (one in China,

one in France and three in US) or make-up artist. The same questionnaire was given to the panels, written in their own language,

asking which and how both skin tones and hair colours fit preferentially (or not appreciated), asking in addition the reasons of

their choices, using fixed wordings.  

 

First, we re-collected and used data on skin and hair tones previously obtained and published by our group of Research to develop

a dedicated and specific clusterization of skin tone to be representative of the population diversity. Second, An A.I-based

algorithm, derived from a previously developed and validated algorithm, allowed to detect, on each virtual image of the top

models, the whole head hair, or another part of the face, as lips, to be replaced by the chosen hair tone, or lipstick colour.  

 

Such virtual approach was chosen for both basic and ethical reasons: i) how and to which extent a new hair color may aesthetically

fit with slightly different innate skin tones and ii) undertaking in vivo the same approach would have required the unethical

successive applications of various hair shades on our selected models.   

 

It also allows to mix skin tone and the color rendering of cosmetic products on the same person to propose a new standard

experience of way of evaluation to consumer in limiting the influence of facial differences that could induce preferences not only

linked, for exemple, to the association between hair and skin colors. Using different representative ethnical origin models, we

planned a worldwide study that may allow to show the diversity of consumer preferences, linked to cultural aspects and trends in

each country.  

Abstract

Simulating Cosmetic Results by Artificial Intelligence and Skin Color
Rendering, a New Way to Cross the Evaluation of Consumer Preferences

Anthony Galliano, L’Oréal Research and Innovation, France

11:35a - 12:05p



Anthony Galliano

L’Oréal Research and Innovation, France

Anthony studied physics at Besançon University in France. He then did a PhD in physico-chemistry at IS²M-CNRS in Mulhouse on the understanding
of adhesion & tribology phenomena on polymer.  
 
He joined L'Oréal in 2004. The first nine years, he worked within the Instrumental Hair department on the design and development of new devices
and methods to evaluate optical, mechanical and surface hair properties. A lot of work has been published, especially on tribology and new
methods (movement, surface characterization, etc).  
 
In 2015, he moved to the International Evaluation Instrumental & clinical Science department to manage transversal research & project.   
 
He currently pushes digitalization for Evaluation & clinical project and manages the transversal claim aspects on Hair & Cosmetics Métiers.   



Session Sponsored by

Session 2
Insight Into Hair Structure

TUESDAY, JUNE 9TH

Chaired by Dr Philippe Barbarat from L'Oréal



Tuesday, June 9th

8:30a - 8:35a Introductory Remarks

8:35a - 9:15a
Plenary: Role of Melanin in Structural Colors & Heat Management

Prof. Ali Dhinojwala, School of Polymer Science, The University of Akron, USA

9:15a - 9:45a
Cuticle: What's New?

Bernd Noecker, Kao Company, Germany

9:45a - 10:15a
Structural Hints from Hair Moisture Sorption

Crisan Popescu, CP Enterprises, Germany 

10:20a - 10:50a
Non-Linear Viscoelastic Performance of Hair Fibres After Permanent, Strain-
Induced Structural Changes

Paul Carpenter, Unilever, UK

10:50a - 11:20a
Hair Internal Structure Response to Shape Modification

Giacomo Mariani, L’Oréal, France

11:20a - 11:50a
Failure Testing of Human Hair: Model-Based Analysis of Constant Strain
Experiments

Leila Berriche, Henkel, Germany

10:15a - 10:20a
Five-Minute Comfort Break



Speakers & Abstracts
SESSION 2



Professor Ali Dhinojwala

School of Polymer Science, The University of Akron, USA

Professor Dhinojwala received his Bachelor of Technology Degree in Chemical Engineering from the Indian Institute of Technology, India, and his
Ph.D. from Northwestern University in Chemical Engineering in 1994. Thereafter, he was a Research Scientist at the Department of Materials
Science at the University of Illinois, Urbana-Champaign, from 1994 to 1996. At GE Plastics, he worked on developing plastics for DVDs from 1996 to
1997. In 1997 he joined The University of Akron in the Department of Polymer Science. Professor Dhinojwala served as a Chair of the Department of
Polymer Science from 2008-2012, Interim Dean of College of Polymer Science and Polymer Engineering from 2018-2020, and Director of School of
Polymer Science and Polymer Engineering from 2020-2021. He is currently H. A. Morton Chair Professor of Polymer Science.

Professor Dhinojwala’s research interest is in understanding adhesion, friction, and wetting. His group has developed light-based spectroscopic
techniques to understand the physical properties of molecules at surfaces and interfaces. His recent interest in bio-adhesion has led them to
develop synthetic adhesives inspired by geckos and spiders. Inspired by bird feathers colors, his group also studies structural colors, which
are remarkable for their color tunability and resistance to chemical and photo bleaching compared with traditional pigmentary colors. Professor
Dhinojwala currently has over 200 peer-reviewed publications and twenty-five patents issued or pending.

Melanin is one of the most important and intriguing pigments used by birds to produce structure-based colors and is known for

high refractive index, broad absorption of light, and antioxidant properties. Even though melanin is black in color, the self-

assembly process results in formation of vibrant saturated structural colors that we observe in hummingbirds and peacock

feathers. In my presentation I will share our work on synthetic approaches to produce melanin nanoparticles and the use of

emulsion-based self-assembly to generate a wide-gamut of tunable colors that can be printed on various substrates including

plastics, papers, and metals. I will also discuss the use of optical modeling and simulations to predict structural colors and thermal

responses of both synthetic and natural melanin-based systems. Melanin offers a unique opportunity to produce colors that are

resistant to UV exposure and reduced toxicity with potential applications in the areas of cosmetics, hair coloring, and food

industry.

Abstract

Role of Melanin in Structural Colors & Heat Management

Professor Ali Dhinojwala, School of Polymer Science, The University of Akron, USA

8:35a - 9:15a

PLENARY



Dr Bernd Noecker

Kao Company, Germany

Bernd has gained a PhD in Chemistry from the University of Dortmund in the area of Solid-State Chemistry in 1991. Since then, he has been working
for Kao Europe Research Laboratories at Kao Germany GmbH in various functions of Product Development for Hair Care, Hair Color and Hair
Shape. In 2007 he moved to Tokyo leading the Fundamental Hair Research Group at Kao R&D in Japan until 2010. After coming back to Germany,
he became the Director of Basic Research & Technology Development. Bernd has applied more than 100 patents in the area of hair care and has
published several paper about hair structure and hair care.  

The cuticle of human hair has been examined, via a range of analytical methods, in order to reveal previously unknown

information about its structure and to deepen understanding of its contribution to fibre properties. X-ray microdiffraction and AFM

investigations support the previous suggestion that the cuticle possesses a small-scale ordered structure, based on possibly not

fully crystalline and irregularly arranged α-helices oriented almost perpendicular to the growth axis of the fibre and enhancing the

general description of cuticle as the protective layer of the fibre. A new layer model considering these latest findings and

summarizing the existing knowledge on a molecular level will be presented. Additionally, the importance of cuticle on moisture

management and mechanical properties will be presented by comparing decuticled hair with virgin fibres. The cuticle is thus

demonstrated not only to possess a hidden rod-matrix structure, that supports its protective nature, but also to play specific roles

in the fibre’s response to moisture, and in fibre mechanical behaviour.

Abstract

Cuticle: What's New?

Dr Bernd Noecker, Kao Company, Germany

9:15a - 9:45a

Steven Breakspear 1, Dimitri A. Ivanov 2, Bernd Noecker 1,
Crisan Popescu 1, Martin Rosenthal 2 

 
KAO Germany GmbH, Darmstadt, Germany  

Institute of Material Sciences, Mulhouse, France  



Dr Crisan Popescu

CP Enterprises, Germany

Consultant for hair care companies and for textile industry.

Currently working in hair research and in non-isothermal kinetics.

Graduated chemical engineering, earned PhD in physical chemistry, and work for more than 40 years in the fields of physics and chemistry of
polymers and fibrous proteins, textile chemistry and kinetics of solid-state processes.

Authored more than 150 scientific publications and 12 patents, contributed to more than 15 books and monographs, and gave over 60 invited
presentations.

Adjunct Research Fellow of TRI Princeton; member of the American Chemical Society and of the International Confederation for Thermal Analysis
and Calorimetry (ICTAC). 

The analysis of moisture sorption isotherms by human hair provides hints of hair structure. By examining the swelling and

moisture sorption of hair, one concludes that hysteresis are quite improbable to be due to capillary condensation. The mobility of

the protein chains and the strength of the bonds binding water molecules to the active sites inside the matrix are considered

instead. The concept of “breaking symmetry” and the way to evaluate its size from moisture sorption-desorption data is proposed

to characterize the chemical treatment of hair. The results show that the bleaching produces a larger breaking of symmetry than

perming does, and this is suggested to be due to the new bonds created by the chemical treatment from breaking some of the

original ones, and which are of different strength compared to the bonds of untreated hair. The sorption quantitative data

matched well the model of grains of matrix wrapping up into layers of water molecules at increasing relative humidity to 100%.

The analysis suggested that, aside the glass transition event occurring at around 60-70 % relative humidity, there is another, less

examined, transition, assigned by us to the opening of hair inner structure for accommodating more water molecules, and

occurring at around 30 % relative humidity. Both transitions are reflected by corresponding changes of the fibre mechanical

behaviour. 

Abstract

Structural Hints from Hair Moisture Sorption

Dr Crisan Popescu, CP Enterprises, Germany

9:45a - 10:15a

Steven Breakspear 1, Patrick Frueh 2, Anna Neu 1,
Bernd Noecker 1, Crisan Popescu 1, Qi Uellner 1  

 
KAO Germany GmbH, Darmstadt, Germany  

KAO, Tokyo, Japan



Hair is a complex biological composite. On the microscopic level, it is a core-shell material with an outer protective cuticle and

central cortex. Fibre tensile properties are largely associated with the properties of the cortex which can be analysed on the basis

of a two-phase, fibre/matrix composite model.  

   

The tensile properties of the main internal structural components of hair (filaments and matrix) are of significant academic and

commercial interest – for product R&D as well as marketing. Investigations into changing the properties of filaments (IF) and

matrix provides insights into the impact of cosmetic products and processes, and environmental effects.  

  

We have previously reported on the analysis of the non-linear, strain-dependent stress relaxation of wet hair fibres. This approach

enabled us to determine the specific isochronal stress-strain curves of IFs and matrix and provides a kinetic model for the strain-

dependent relaxation behaviour of the matrix. Using this novel tool, we were able to demonstrate a differential effect of bleaching

damage on filaments and matrix. The findings also challenged current models for the relation between tensile properties and

strain-induced structure and property changes in IFs and matrix.  

  

An essential aspect when considering structure/property relationships, is the role of the α→β transformation within the IF structure

and its strain-induced progress. To further investigate this, we produced hair fibres for which a range of degrees of α→β –

transformation had been made permanent. For these fibres, we determined isochronal stress-strain curves for IFs and matrix, as

well as the relaxation behaviour of the matrix.  

  

Here, we present the results of this work and discuss the implications for various widely-held theoretical models for the

stress/strain -properties of hair. 

Abstract

Non-Linear Viscoelastic Performance of Hair Fibres
After Permanent, Strain-Induced Structural Changes

Paul Carpenter, Unilever, UK

10:20a - 11:50a

Paul Carpenter 1, Gabi Wortmann 2, Celina Jones 2, Ken Lee 1, Franz J Wortmann 2  
 

1 Unilever R&D Port Sunlight, Bebington, Wirral, UK
2 Department of Materials, University of Manchester, Manchester, UK



Paul Carpenter

Unilever, UK

Paul gained a BSc in Biochemistry from the University of Bristol before joining Unilever R&D in 2002. Since then, Paul's work has focused on
Haircare, currently as part of the Beauty & Personal Care Science & Technology group and based at the Materials Innovation Factory in Liverpool,
where he supervises the Hair testing laboratory.
 
He specialises in characterisation of the hair substrate and the effect of cosmetic treatments, in particular the mechanical properties of single hair
fibres and automation.
 
Paul has published 2 peer reviewed papers, one of which: “Advantages of a high-throughput measure of hair fiber torsional properties” won
Haircare Article of the Year” from the Society of Cosmetic Chemists in 2012.
 
He is currently studying for a PhD in Materials under the supervision of Prof Franz and Gabi Wortmann and Dr Celina Jones at the University of
Manchester.



At the beginning of the 20th century, knowing the desire of women to sport hair with beautiful curls that last, Karl Ludwig Nessler

invented the first shaping technology for hair. Inspired by his example, scientists have developed over the years ever more efficient

technologies and formulae to satisfy fast moving fashions and a market in perpetual fluctuation. Nowadays, different technologies

are used to shape hairs, ranging from the classical perm - i.e. a two-step procedure targeting the chemistry of the hair cystine

comprising a reduction reaction followed by an oxidation reaction – to the flat/curl iron where heat is combined to mechanical

stress to achieve the desired shape. While the results of these technologies on the hairs’ visual shape is evident, the impact on the

internal structure and on the keratin order is still unclear.  

Here, we report on the characterisation of the internal structure of hairs treated with different shaping technologies. Using small

angle X-ray scattering (SAXS) and wide-angle X-ray scattering (WAXS), we have studied the organisation of keratins at the macro-

fibril scale (intermediate filaments and amorphous matrix organisation - KAP) and the keratin dimeric structure (at the keratin -

helix scale). The internal structure has been investigated as a function of the hair diameter (one measurement each 3 m) using an

X-ray beam with a radius of 2 m (Figure 1). Therefore, the modification of the keratin order has been measured precisely,

identifying differences as a function of the degree of curliness (from convex to concave regions of the curl).  

We found limited effects of all the treatments at the macro-fibril scale and, for the first time, a strong effect at the -helix scale. The

-helix pitch changed linearly along the hair diameter indicating a shorter -helix closer to the convex region of the curl.

Furthermore, we showed that the internal modification depends on the treatment and on the curvature radius imposed by the

styling technique.  

Abstract

Hair Internal Structure Response to Shape Modification

Giacomo Mariani, L’Oréal, France

10:50a - 11:20a

Figure 1. On the left: experimental set-up for the investigation of the internal structure of the hairs as a function of hair diameter.

On the right: different SAXS and WAXS detector images as a function of hair diameter. 

Giacomo Mariani1, Elisa Caberlotto1 
 

1.L’Oréal Research & Innovation, 1 Avenue Eugene Schueller 93100 Aulnay-Sous Bois Cedex, France 



Giacomo Mariani

L’Oréal, France

Giacomo Mariani has a master’s degree in physics from University of Parma, Italy. He obtained his PhD from the University of Erlangen-Nurnberg,
Germany in physical-chemistry. Expert in physical chemistry with a solid background in soft matter, Giacomo worked on the relationship between
molecular and macromolecular material properties. Before joining L’Oréal in 2019, Giacomo worked at University Paris Diderot and at CEA Saclay
on polymeric smart materials design and characterization. At L’Oreal, he works as research engineer and he investigates the relationship between
hairs shape and their internal structure. 



Hair fibre failure analysis is an established method to assess fibre damage and the effects of repair processes and products. The

tests are generally conducted in two principal ways, either applying cyclic constant stress or strain. Primary results are the number

of cycles (N) until fibres in a sample break. The overall results for a sample will depend on the applied stress or strain, as well as on

sample treatment. Further influences will derive from testing speed, humidity, temperature, etc. The survival performance of

fibres in a sample may be analysed by model-free (e.g. Kaplan-Meier Estimator) or model-based approaches. 

 

For our investigation, we conducted constant strain, non-slack failure experiments on virgin and bleached hair, applying strains in

the yield region between 2.5% - 35%, (22oC, 55% rh). 

For the analysis of the survival profile, a statistically sound function has been chosen, with which a scale (α) parameter also known

as characteristic lifetimes, and a shape parameter (β) have been described. When the number of testing cycles (N) has reached α,

63% (=1/e) of fibres in the sample will theoretically have broken. The model-based approach may be associated with the weakest-

link theory, where the value of β is a measure for the overall failure characteristics, providing hints of the likelihood for failure. 

 

Our results show that the number of failure classes for fibres decreases rather dramatically with increasing strain. This is expected,

because the experiment moves towards the case of a simple tensile-break experiment, where all fibres will have broken during the

first cycle. The parameter α (as ln α) decreases and β increases consistently with strain. The critical strain level at which the failure

mode fundamentally changes will be discussed. The model-based approach indeed, permitted the discrimination between

different hair qualities with strain, and a suggestion for an optimal operating level suiting this specific investigation will be

presented. 

 

In summary, the explored model turns out to be a feasible statistical model-based approach to identify optimum experimental

conditions to assess hair fibre damage in a non-slack constant strain failure experiment. So, that tools can be of potential in

improving the reliability of fatigue tests, and once refined in extent for claims support. 
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Leila Berriche

Henkel, Germany

So I use to be an economist but then turns out science attracted me. I graduated in 2017 from a BSc in life science with a specialization in genetic
and cellular biology from the university Claude Bernard Lyon 1 . After completing this BSc, I had specific field of interest, this BSc was very large in
terms of content. so I asked myself what was the biggest and the most important organ of the human body. Took me one sec, the skin, this thick
and long layer which is a reflection of beauty but at first protects us from almost everything. The best way to learn was to go for an internship, mine
was about skin equivalent in a 3D porous hydrogel supplemented with some kind of great proteins under the supervision of Mariana Carranca at
the LBTI in Lyon ( main city in France for skin biology research) , quite the trend back in the days. Following this internship I decided to go for a MSc
in molecular and cellular biology with a major in skin biology at the same university. But I get easily bored, so After a couple of internships I needed
something new and it was the hair follicle, this tiny mini-organ is actually pretty fascinating, actually I attended a lecture and between 2
keratinocytes story the professor mentioned the Hair follicle´s implication in skin homeostasis, and many other process thermoregulation…. so
hairs are not coming from something useless, and I needed to know more. Of course, none of the lectures were fully dedicated to this mini organ
and plus in France there is no real leading figure or lab working in the hair follicle research field. So for my last year, I went to Manchester with the
wish to write my master thesis about something not that common, the human hair follicle metabolism in anagen under the supervision of Talveen
S. Purba . So, turns out that we managed to depict a compartmentalised metabolic pathways within the anagen VI Human hair follicle. These
distinctive pathways may maintain not only cell fate, but also ensure the immune tolerance during anagen using the Warburg effect. Like cancer
cell does. acidity isn´t always that bad after all, cool right ? ( Talveen Purba., leila berriche and Ralf Paus ., 2020)  
 
While the sanitary situation was going very bad , my internship was cut short so I Had a bit of time to figure out that the ultimate step must be to
learn about the dead part, the hair fibre. So I moved in Hamburg in 2021 to start a PhD project at Henkel in the advanced functional team research
under the supervision of Rolf Bayersdoerfer ( corporate director), Pr.Franz as well as Gabi Wortmann ( consultant F&G), and Pr.Volkmar from the
university of Hamburg. The overall project is about fatigue and failure performance analysis and the synergy with other existing methods. One of
the main goals was at first to design a method and then develop a statistical procedure enabling to distinguish with precision between samples
with an extend for consumer insights. 
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Some routine procedures to which hair is subjected daily are known to be detrimental to these fibers, compromising

many of their surface and internal properties. The use of heat styling tools is one of the most common steps in hair care

for both consumers (during their home care routine) and hair stylist professionals (in the salon routine). However, as a

result of the frequent use, high temperatures, that can reach 230 °C for hot irons, and long direct contact with the heat

source, these procedures can cause severe damage to hair structures, from cuticles to cortex. In order to better

understand the impact of each variant (time, temperature, and frequency) on the final damage, different procedures

using heat-styling tools were applied to hair tresses. The consequences of the generated damage were evaluated in

terms of changes in the mechanical properties (tensile test) and structural integrity (DSC analysis and protein loss

quantification) of the hair fibers. Preliminary results showed that, at same temperature (230 °C), longer contact times

with the heat tools more significantly impact the hair fibers’ elastic modulus and their break stress than shorter ones,

while the bigger the number of flat iron passes, the greater the decrease in the temperature of hair keratin

denaturation.
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With the rise of the conscious consumer and global trends for clean INCI, naturally derived and sustainable personal care

formulations; the need for ecologically-sound ingredients is fast becoming a necessity for new products. However, certain synthetic

ingredients such as the acrylate-based rheology and suspension polymers have proven very difficult to replace without sacrificing

consumer experience. Recognizing this challenge, Ashland’s experts in sustainable polysaccharide technologies developed the novel

nature-derived and biodegradable technology, with the specific goal of delivering the core sensorial benefits of traditional synthetic

ingredients as well as lasting suspension of oils and actives in shampoos and cleansing systems. This poster discusses several

rheological methods which correlate with sensorial evaluation studies demonstrating the benefits of using the novel polysaccharide-

based rheology modifier.  

 

The new technology is a unique thickener that shows pseudoplastic (shear thinning) behavior under shear. At low dosage levels, it

establishes a stable physical network to suspend particles at rest and provided a non-stringy flow when pouring out of bottles or

during the packaging process. An excellent rheological feature of this technology is stabilizing sulfate free shampoo bases which are

gaining popularity among the consumers. However, it is a well-known challenge to formulate these systems that are stable and meet

consumer needs. Often both the viscosity and foam performance are compromised, and the product texture is stringy. With the help of

the novel polysaccharide technology these issues could be solved.  

In our study, we focused on structural behavior of the new suspension composition in a sulfate-free shampoo formulation. The new

technology can be also used in different surfactant-based shampoos in the presence of oils, opacifiers or particulates. The current

shampoo formulation was tested for thermal stability and foam characteristics with a liquid foam analyzer. Consumer sensorial

benefits with mannequin heads were examined by a professional hair stylist. Using a rheometer, the rheological properties such as

flow behavior, stringiness, and structural strength of formulations were assessed.   

 

Yield stress values obtained from rheology study suggests that the new suspension technology would maintain stable shelf-life of

shampoo formulations. This was confirmed by long term thermal stability tests as well as accelerated stability testing using a

Lumisizer. Results from flow shear sweeps and large amplitude oscillatory shear (LAOS) tests both indicate that the polysaccharide

technology provided excellent non-stringy flow as well as soft gel shampoo structure. During sensorial testing, clean breaking (no

stringiness) when applied to hand, rich foam boosting lather when grooming, and excellent wet feel after rinsing were noted. These

superior sensorial experiences correlate to insight from instrumental data. No negative impact on hair conditioning performance was

observed.  

     

In conclusion, the novel naturally derived and biodegradable polysaccharide technology is designed to provide a natural alternative to

acrylate chemistries in the rinse-off systems. Additionally, it helps to solve several well-known formulating challenges related to the

product stability, rheology, and sensorial performance. The benefits to the formulations have been demonstrated with both

instrumental and sensorial studies.  
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Several years ago, maleic acid attracted attention in the hair care world as the active material in so-called “bond

building” treatments. While various mechanistic notions have been speculated, the historical hair and wool literature

suggests a potentially simple explanation. Solutions of various carboxylic acids1 (and phenols2) have been reported to

reduce the water content of hair (and wool). Water is a plasticizer for hair and so any depletion should result in a

commensurate increase in mechanical properties.   

 

Figure 1 shows the adsorption isotherms, as obtained by the DVS technique, for a virgin hair control sample versus

treatment with a 5% maleic acid solution. The acid treatment has apparently lowered the water content of hair which

should then impact mechanical properties. This said, this behavior has been observed for a wide range of carboxylic

acids (and phenols)3.  
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Yet the above graph is an oversimplification of a more

complex situation. The degree of water-retarding

efficacy has dependence on many parameters –

including the nature of the acid, the concentration, the

pH and the hair-active contact time.   

 

Our poster will show how the DVS technique helps

investigate and optimize such variables.



It is often desirable for active ingredients in hair care formulation to have increased retention on hair despite repeated

washing. However, it is known that the surface properties of healthy versus damaged hair are different, affecting

adherence of nano- and micro- particles used in hair care products. In order to engineer the best particle that adheres

to hair, it is important to be able to objectively quantify oxidative hair damage on hair. We have developed an in-house

method of measuring oxidative damage on hair surfaces. In this study, hair was incrementally damaged by bleaching

with hydrogen peroxide, and Attenuated Total Reflection-Fourier Transform Infrared (ATR-FTIR) spectroscopy was used

to measure the amount of free sulfonic acid groups generated during the bleaching process on the hair shaft surface.

The surface of hair across different levels of damage was analysed by Scanning Electron Microscopy (SEM). The healthy

and damaged hairs were then washed in polymeric particle solutions of various sizes and surface properties, and they

displayed different behaviours for healthy and damaged hairs as observed by SEM. 
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The study of fatigue is a well-established discipline within the field of material science. Understanding the fatigue of

materials when subjected to repeated load cycles provides insightful knowledge about fracture and failure

mechanisms. Such information has become essential in the development and manufacture of products ranging from

aeroplanes to car tyres. The fatigue behaviour of fibres is well studied, encompassing both textile and technical fibres.

The merit of fatigue testing has been recognised within the cosmetics industry and in recent years there has been an

increasing usage of cyclic fatigue testing within the hair care sector.

Repeated strain or stress applied to fibres can alter their tensile properties but to date, the majority of cyclic tensile

fatigue studies of hair have only focused on the number of cycles to break.

In this paper, we will focus on the other parameters besides cycles to break which can be obtained from cyclic fatigue

experiments such as fibre creep and modulus. Additionally, we will discuss the impact of conducting experiments

where the fibres either do or do not buckle or bend during fatiguing process.
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The vast majority of surfactants used in the hair care industry today are derived from petrochemical building blocks;

however, surfactants produced from bio-sourced raw materials and sustainable processes are growing in importance

to brand owners and end-use consumers. Understanding how bio-based surfactants interact in mixed surfactant

systems used in shampoos today to drive desired performance is a key challenge in bringing new products to market.

At Dow, integrated high-throughput liquid formulation and surfactant characterization capabilities provide powerful

tools to understand the physical properties and performance of biosurfactant chemistries in blended surfactant

systems relevant to the hair care market. This talk will provide an overview of the suite of high-throughput capabilities

at Dow, ranging from liquid formulation tools, high-throughput tensiometers, and automated phase analysis

instruments. We will describe customized workflows that enable large libraries of surfactant blends to be rapidly

formulated, and their physical properties and critical performance metrics characterized. Design of experiment and

statistical modelling approaches are used to map physical property trends and predict performance across large

mixture spaces. Overall, these tools enable us to not only screen broad formulation spaces, but also gain a powerful

fundamental understanding of biosurfactant interactions to identify systems with excellent foaming, phase stability

and rheology.
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Torsional braid analysis is a complementary method of polymer characterization, when a material is not able to form a

film, fibre, or another form of solid sample. Therefore, the substance needs to be applied onto an inert carrier, such as a

woven or non-woven strip of glass fabric. This carrier strip is used in a torsional pendulum experiment to determine

storage and loss modulus, as measures of a material’s ability for energy storage and dissipation, respectively. For our

extended investigation we change the carrier system from glass fibre fleece to round hair tresses. Multiple experiments

were done for treated hair tresses, with stepwise increases of deformation angle and thus shear strain. To this novel

form of measurement, we refer to as cumulative strain Torsional Braid Analysis (csTBA). A kinetic model was used to

analyse the progress of strain-induced polymer fracture in the tress as well as the experimentally inaccessible zero-

strain moduli. This model approach enables conclusions on the energy loss of the hair/polymer composite. Results for

energy loss and storage, as well as for the kinetics of shear-induced friction in the composite, provide an innovative

approach to assess the performance of a coated hair tress in the laboratory. 
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Textured hair needs are diverse and differ based on specific hair textures (Wavy, Curly and Coily) and where consumers

are located around the globe. Market needs are influenced by different consumer purchasing behaviors which creates

additional complexity around a one size fits all approach. It is important to keep in mind the various consumer needs in

each region and develop product solutions based on these global differences. 

Some key needs include detangling, strengthening, frizz and overall hair management. While these remain the same for

textured hair consumers across different regions, changes in grooming and styling habits require us to adapt and tailor

techniques to substantiate claims for different challenges. In our current work, we will showcase market insights and

methods we developed to substantiate claims for Curly and Coily hair across the globe.
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"Permanent" hair dyes are among the most used cosmetic products by the population, which corresponds to about

75% of global consumers in the hair care category. The oxidative hair dye is the most expressive within this category

and most contain the dye precursor p-phenylenediamine (PPD) and a coupling agent such as Resorcinol (RCN) which,

after successive reactions under oxidative conditions, result in coloring of the hair. PPD is often used to contribute to

the development of the final color, especially for dark shades. Exposure of the skin/scalp to this compound, in addition

to irritation, can cause acute, subacute or chronic allergic contact dermatitis, facial edema and induce the generation

of reactive oxygen species (ROS), exacerbating the immune response and contributing to the impairment of the

epidermal barrier. The continuous exposure of hair shaft to oxidative hair dye will provide an oxidative damage to it

that cause negative effect to sensorial and structural integrity of the hair. A good strategy to help prevent these

symptoms is to associate an effective cosmetic ingredient with coloring to protect the scalp and hair shaft, avoiding or

reducing the side effects of this inflammatory process and hair structural damage. The use of natural ingredients in

cosmetics is growing every year, therefore, the association of antioxidant and anti-inflammatory properties of plants

can be an interesting approach to mitigate allergic effects. Ilex guayusa is an emblematic tree of the Amazon region,

widely present in the region of Ecuador, Colombia, Peru and Bolivia with various uses in folk medicine, however, there

are only few researches about the phytochemistry and biological activities in different applications such as

nutraceutical or cosmetic. The objective of this study was to explore the effectiveness of dry leaf extract Guayusa as a

protective agent against inflammatory response and exacerbated oxidative stress, recovery of epidermal barrier,

reduction of sensitivity in the scalp and loss of hydration and mechanical properties promoted by hair color. For this,

the study was conducted in three steps: in vitro, ex vivo, clinic. In the first step, cells from hair follicle dermal papilla

(HFDPCs) were incubated with 3 non-cytotoxic concentrations of the product concomitant exposure to chemical

inducers (0.01μM PPD and RCN + 3% H2O2) for further evaluation of radical protein formation and radical status factor

(RSF), semi-quantitative assessment of mitochondrial super oxide using the fluorogenic probe MitoSOX ™ Red and

quantification of the interleukin 8 (IL-8). In the second step, two Guayusa concentrations (0.5% and 1%) were prepared

directly in the hair dye and evaluated in ex vivo scalp fragments culture and human hair shaft submitted to the dyeing

process. Then, the synthesis of filaggrin, an important marker of the epidermal barrier health, was evaluated, the RSF of

the hair shaft and break extension and break load after coloring was determined. In the third stage, a single-center,

blind, comparative clinical study was conducted to prove the effectiveness of using 0.5% Guayusa in reducing scalp

sensitivity induced by hair dye. Our results demonstrate that Guayusa can significantly reduce mitochondrial oxidative

stress by up to 81% and protect the scalp and hair shaft from the action of free radicals with a protective RSF greater

than 1. In addition, it reduces the excessive synthesis of IL-8, an important inflammatory marker of the allergic contact

dermatitis process, and recovers the epidermal barrier, strengthening the synthesis of filaggrin. Clinically, we observed

a reduction in scalp sensitization. These results together demonstrate that the use of Guayusa associated with hair

coloring protects the scalp and hair shaft from damage caused by chemical inducers commonly present in hair

colorings, improving consumer health and well-being.
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Introduction 
 

Very curly hair is renowned for being the most difficult hair to manage because of its tight curls that resemble a spring

or coil. Hair straightening, whether chemically or thermally aids in easier hair manageability, however in recent times in

women with Afro textured hair (curl pattern VI+) have been moving away from chemically straightening their hair. For

manageability of Afro textured hair, it is sometimes combed while dry, resulting in breakage and hair that does not

reach desired length but instead stays in a steady state of hair length. To aid with manageability, mechanical extension

via plaiting is a no-heat elongation routine that reduces the tightness of curls by r and level of tangling. This routine is

however time consuming and the achieved hair benefits do not last as the hair reverts following exposure to moisture

or countering mechanical compressions (e.g. sleeping, touching). The aim of the current work was to develop a set of

instrumental methods that represent the real -life context of hair elongation, shrinkage and breakage on Afro hair.   

 

Methods  

 

To quantify the force required to uncoil hair, a Lloyd extonsemeter (Amatek) was used. Natural Afro hair switches VII

and VIII were sourced from Tsebo Techincal services (Johannesburg, South Africa). Hair switches were assessed at

different length extensions after exposure to various leave in products and with vs without mechanical extension

(plaiting). To objectively quantify hair shrinkage, hair switches were first extended to 75% of their length  and then

allowed to spontaneously revert to lowest energy state over time with the force being recorded as function of time. To

assess chances of strong extension during combing and breakage, we used an adapted Garcia combing method and

conventional hair integrity platforms (miniature tensile testing & cyclic fatigue testing, Dia-stron).  

 

Results  

 

The hair switch uncoiling process reflected the same features as those of the stress strain curve from a typical single

hair tensile profile. This indicates that the bulk and singular hair properties behave similarly under tension. We

observed that the force required to uncoil a 1g switch was greater than 1N, far greater than what can be achieved by

cosmetic product alone. This force was significantly reduced by mechanical extension prior to uncoiling assessment.

For the elucidation of factors that contribute to hair breakage in very curly hair, we observed that very curly is does not

typically present as aligned or individualized hair fibers but highly entangled hair mass. Hair breakage is influenced by

the chance of strong extension (P1), as a results of knots on the hair mass and the chance of breakage under a strong

extension (P2) which is affected by internal and on-surface properties of hair fibers.  

 

The methods offer a holistic quantification of Afro hair based on consumer gestures or context and not only single hair

fibers or singular approaches. This open new evaluation pathways for inclusive hair product development targeted at

hair showcasing and retaining length of very curl hair. In order to reduce hair breakage, both P1 and P2 have to be

reduced via morphology modification & surface modification.  
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Hair extensions are a quick and easy way to increase hair length and volume. The discussions with hairstylists revealed

that tape-in type extensions are favorite amongst the stylists due to their quick, no-heat application that gives naturally

looking results. Such extensions typically last from 4 to 8 weeks, depending on customer hair growth rate. The

extensions can be easily removed with appropriate “bond remover” and reused again. 

 

Unfortunately, such extensions are very sensitive to oily products and alcohol containing sprays. The adhesive bond

that holds the sandwiched hair with the hair extensions tends to deteriorate in the presence of such oils and sprays and

possibly other products. Consequently, the extension may slide out of the hair during regular grooming practices,

especially if tangles are present and grooming forces become more intense. 

 

The work will explore the development of method that could be suitable to screen product gentleness to type-in

extensions. The extensions adhesion to virgin and bleached hair will be evaluated using mechanical tester. Various

rinse off and leave-in products will be tested and compared with the controls. 
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Due to an increase in demand of testing hair exposed to salt water, and the negative effects on the hair, a series of

different testing will be completed to study these effects. The work is completed in two phases of repair and

prevention.  

 

The hair was exposed to a simulated ocean water, using salt water in 4L beakers and agitation, while the hair was fully

submerged for 30 minutes. The experiments included combing forces, technical shine and miniature tensile testing.

Phase I of the testing includes studying the effects of salt on virgin hair and effects of treatments post exposure. Phase II

includes studying the prevention methods that can possibly reduce the negative impact.  
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Measuring and understanding the swelling and softening behaviour of plant fibres under controlled humidity as a function of their

water content is essential for their use in composite applications. Indeed, this directly influences the processing and the in-service

behaviour of biocomposites. The objective of this work is to characterize, under controlled hygro- and hydrothermal conditions

(from 20% to 73% RH and in immersion), the moisture content, dimensional variations and mechanical behaviour of natural fibre

bundles from various botanical origins with contrasting biochemical and structural characteristics. Automated laser scanning

cross-sectional measurements [1] and micro-tensile tests in either a climate chamber or an immersion cell were used to measure

the dimensional variations and tensile properties of fibre bundles as a function of their moisture content as measured by DVS and

WRV. These analyses allowed the determination of the surface hygro- and hydroexpansion coefficients of the different natural fibre

bundles in relation to the structural characteristics of the cell walls [2]. The softening effect of water on cell walls and the resulting

loss of stiffness and strength of fibre bundles are also discussed in relation to water sorption and swelling [3]. These results provide

key data for predictive modelling of the “in-service” mechanical behaviour of biocomposites.

[1] Garat W., Corn S., Le Moigne N., Beaugrand J. & Bergeret A., Composites Part A: Applied Science and Manufacturing, 108, 114-

123, 2018  

[2] Garat W., Le Moigne N., Corn S., Beaugrand J. & Bergeret A., Composites Part A: Applied Science and Manufacturing, 131,

105803, 2020  

[3] Garat W., Le Moigne N., Corn S., Beaugrand J., Ienny P. & Bergeret A., Revue des composites et des matériaux avancés, 29(5),

299-304, 2019 

Abstract

Swelling & Softening Behaviour of Natural Fibre Bundles
Under Hygro- & Hydrothermal Conditions

Nicolas Le Moigne & Stephane Corn
Hybrid Polymer Composites Group, IMT Mines Alès, France

8:35a - 9:15a

PLENARY



Stephane Corn

Hybrid Polymer Composites Group, IMT Mines Alès, France

Stephane Corn is Associate Professor at IMT Mines Alès, a French institute for engineering and applied science. Stephane Corn holds a PhD in
Engineering Sciences, specialty in Structural Dynamics, from Femto-ST laboratory in Besançon, France, and a MSc in Acousto-Opto-Electronics and
Structural Mechanics. He is also graduated in Mechanical Engineering from ENSMM. His research activities, carried out within the team Durability of
eco-Materials and Structures at the Laboratory of Mechanics and Civil Engineering (Montpellier, Alès), include the characterization and modeling of
the mechanical behavior of composites and biobased materials in order to understand and optimize their durability in service. He is involved in
collaborative research projects, some of them being dedicated to the design of natural fibre reinforced composites. He is (co-)author of 50+ peer-
reviewed papers. Since 2019, he has been host of the French “MECAMAT/EcoMaterials" working group. 

Nicolas Le Moigne

Hybrid Polymer Composites Group, IMT Mines Alès, France

Nicolas Le Moigne obtained his MEng and MSc from INSA Lyon (France) and PhD from Mines ParisTech (France). Dr. Ing. Nicolas Le Moigne is
currently Associate Professor at IMT Mines Alès and Vice-President of the European Polysaccharide Network of Excellence (EPNOE). His research
areas include the processing of bio-based polymers and (nano)biocomposites and the characterization of their physico-chemical and rheological
properties, with emphasis on microstructural analysis and reinforcement/matrix interfacial interactions. Since 2005, he is involved in collaborative
research projects aiming at studying and improving the selection, physical and chemical functionalization, and processing of plant cells from
different resources (lignocellulosic fibres and microalgae) for the development of functional bio-based polymer and composite materials in
packaging and structural applications. He is (co-)author of 60+ peer reviewed papers / proceedings / books, Editor of the Springerbrief series on
Biobased Polymers and special guest editor and referee for several international scientific journals. He teaches polymer physico-chemistry,
rheology and engineering of bio-based polymers & composites at IMT Mines Alès. 



The mechanical properties of keratin fibers are determined by a combination of chemical components, protein conformation and

morphological aspects in the cortex of a single fiber. Hair cortex is composed of a hierarchical microstructure, with a complex

macro-molecular organisation resulting in arrays of intermediate filaments at a scale of nanometres surrounded by an outer

matrix. Though cortical cells inside a single fiber differ in their protein composition and organisation, it is still not clear how those

differences affect the tensile performance of the fiber.  

 

Wool fibers provide a good model for understanding mechanical properties of keratin-based fibers in general. In wool the three

cortical cell types (ortho, meso and para) contain macrofibrils with distinctly different intermediate filament arrangements, matrix

fractions and protein composition. In contrast, such differences are less well defined in human hair and often the single cells

contain mixtures of macrofibrils with different diameters, making it more difficult to classify.  

 

Thus, when studying the complexity of keratin fibers, combined techniques are essential to obtain a better understanding of this

biological system. Here, we applied electron microscopy techniques, synchrotron infrared microspectroscopy and proteomic

approaches, using alkylating agents and mass spectrometry, to identify the weakest link in the cortex of hair, using wool as a

model.   

 

Wools were submitted to stretching (yield region only) or to breaking point under dry conditions or when the protein-protein

hydrogen bonds were disrupted by water. Ultrastructure and high-resolution synchrotron-infrared chemical images obtained on

similar morphological regions in the fiber revealed differences between specific microfibril architecture, distributed across the

fiber cross-section. In particular, the keratin secondary structure in both stretched and non-stretched wool were found to mainly

consist of alpha-helix protein composition, though more beta-sheet was found in paracortex. The results indicated that

paracortex, when compared with orthocortex, is more susceptible to alpha-beta transitions when stretched. In addition, the

proteomic approach showed evidence that not all the disulfides contributed equally to fibre mechanical properties. Stretching the

fibers when hydrogen bonds were disrupted affects keratin interactions with keratin associated proteins, while interactions

between keratins in the intermediate filament were favoured when hydrogen bonds were present. Visualizing and quantifying hair

nourishing benefit with FRAP.   
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Marina Richena

Ag Research, New Zealand

Marina Richena is a scientist at AgResearch (New Zealand). She joined AgResearch 5 years ago after she obtained her PhD in Science at the
University of Campinas (Brazil). Her research area is structural biology and her expertise lies in keratin hair/wool structure applying electron
microscopy techniques. During her researcher career she used synchrotron-related techniques (small angle X-ray scattering and infrared
microspectroscopy), atomic force microscopes and other characterization techniques applied to fiber science.



Yu Wang  

P&G, Singapore

Dr. Yu Wang has worked in Procter and Gamble for over 5 years as a scientist in microscopy and imaging capabilities. Prior to joining the cosmetic
industry, she obtained PhD degree in Material Science and Engineering in Nanyang Technological University, Singapore. Her research interest is in
new imaging techniques, capability and method developments, to visualize and quantify how hair care products brings benefits, including electron
microscopy, fluorescence microscopy techniques such as FRAP, FLIM and FCS. 

Fluorescence recovery after photobleaching (FRAP) is a method that can determine the kinetics of fluorophore diffusion through

lipid-rich structures. Hair structure is characterized by the presence of lipid-rich regions which are significantly affected by hair

product treatments and ingredients therein (e.g. Fatty alcohol). Here in this research, we leveraged FRAP method to evaluate

changes in hair lipid characteristics by visualizing and quantifying shift in the spatial and temporal diffusion kinetics for damaged

vs. product treated hair. Higher diffusion kinetics was observed for product treated hair which indicated fatty alcohol diffusion into

hair (replenishing lost lipids). 
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Ongoing work with single fiber fatigue testing continues to make us re-think our ideas about hair breakage – and even produces

some questioning of our current concepts of hair structure. This technique has become ever-more popular in our industry over the

past decade, in large part because it almost always suggests bigger difference in the tendency for breakage amongst different

samples than obtained from the traditional stress-strain curve approach. This makes it especially attractive to those attempting to

construct attention-grabbing claims communication messages; but there is also the need to contemplate why such differences are

so much more striking.  

 

On-going activities suggest how exponential relationships are often present whereby even small changes can produce sizable

outcomes. At the same time, a recognition of the of the importance of the Weibull shape parameter further exacerbates these

worrisome tendencies.  

 

This study compares breakage data from both fatiguing and conventional tensile testing experiments involving hair subjected to

various common insults of differing severity (bleaching, UV, high heat). When employing fatigue testing, all abuses show

considerably amplified effects, but certain damaging treatments result in especially severe outcomes. Results will be shown that

attempt to explain these occurrences. 
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Dr Trefor Evans

TRI Princeton, USA

Dr. Trefor Evans has worked in the hair care industry for over 30 years. The first 16 of these were spent as a scientist and manager in the product
development labs of large consumer good companies (Helene Curtis, Unilever). Since joining TRI, he has held the positions Director of
Measurement Services and Director of Research and now possesses the title Institute Fellow. He is also an Adjunct Professor at the University of
Cincinnati and is Editor-in-Chief for the Journal of Cosmetic Science.     
 
Dr. Evans is highly active in the hair care industry through many working relationships with companies of all shape, size, and background. He is a
regular presenter at International Hair Conferences and has been an invited speaker at many technical meetings and symposia. This is the 5th time
he has served as Chairman for the International Conference on Applied Hair Science.   
 
He has published numerous articles in the scientific literature and trade magazines and is co-author and co-editor of the book “Practical Modern
Hair Science”. He holds seven patents in the area of hair care and his research work has been awarded by the Society of Cosmetic Chemists on
three separate occasions.   
 
Dr Evans regularly teaches and facilitates training classes on the topics of hair science and hair product claims which have been held in the US,
Europe and Asia. He also teaches a customizable 1-man, 1-day course that has been conducted on-site at numerous client companies. He guest-
lectures on Hair Science and the Hair Care Industry for a variety of academic cosmetic programs and has instructed at various educational events
organized by the Society of Cosmetic Chemists. 



Proteins are targets for radical oxidants in biological systems due to their high abundance and chemical reactivity.1 Hydroxyl

radicals (HO•) can react with most molecule in their vicinity, including proteins with high-rate constants (108-109 M-1 s-1).2

Hydrogen atom abstraction (HAA) by hydroxyl radicals generates carbon-centred radicals on proteins (P•). Carbon-centred radicals

react with O2 with diffusion-controlled rate to yield peroxyl radicals (POO•). In hair, where there is a high abundance of available

weak C-H in close proximity to the resulting peroxyl radical, HAA becomes prevailing and generates hydroperoxides (POOH) as the

major product, a mechanism known as protein peroxidation.3,4 Redox active metal ions (e.g., Cu+, Fe2+), elevated temperatures,

and UV light can induce rapid decay of the newly formed hydroperoxides.1,5 Their decay is homolytic and yields reactive alkoxyl

radical (PO•) and HO•, both of which can induce further modifications to the parent biomolecule (Scheme 1). As such, their

decomposition constitutes an additional pathway for oxidative degradation.
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Scheme 1. Overview of the main mechanistic pathway for the HO•-mediated oxidation of biological matter in the presence of O2. 
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Nikolas Vagkidis

University of York, UK

Nik completed his undergraduate studies at the University of Ioannina, Greece in 2016, before moving to UK for his MSc by Research at the
University of York under the supervision of Prof. Paul Clarke in December 2018. His research project was the "Investigation of Aminonitriles as
Organocatalysts in the Aldol Reaction". 

He then remained at the University of York and started his PhD in May 2019, working on a project sponsored by Procter and Gamble. His research is
focused on the "Mechanistic Studies on the Radical Chemistry of Hair Damage" under the supervision of Prof. Victor Chechik. 

In biological systems the effect of the cascade reactions shown in Scheme 1 is attenuated, to an extent, by defensive

mechanisms.6 However, in systems where such defensive mechanisms are not in place (i.e., dead tissue such as hair and wool),

oxidative damage caused by these oxidants can have detrimental effect as it cannot be self-repaired. 

In this study we use N-protected peptides/amino acids as a model system, and we attempt to quantify both the decomposition of

the parent compounds and the concomitant accumulation of hydroperoxides upon the HO•-mediated oxidation of their aqueous

solutions. Heat treatment leads to further degradation of biological matter, but we have built a simple kinetic model which

suggests that the degradation is accelerated in the presence of accumulated hydroperoxides.  

By using a combination of LC-MS and the FOX-assay we were able to monitor both the decomposition of the parent compound and

the accumulation of hydroperoxides.7 Using the FOX-assay we have confirmed that a small accumulation of hydroperoxides is

achieved during the UV exposure, and these levels are reduced after incubation at elevated temperatures, thus providing strong

evidence for our hypothesis. We have successfully showed that combination of UV light and heat treatment results in higher

peptide degradation than each insult alone. This outcome was attributed to the initial generation and subsequent thermolysis of

hydroperoxides. To obtain more conclusive evidence for the role of hydroperoxides, we have demonstrated that treatment of the

solutions with a peroxide decomposer (post UV exposure), restores the peptide stability during the thermal treatment, further

reinforcing that the observed synergistic damage is owed to the homolytic decay of hydroperoxides. 

Furthermore, we have obtained MS and LC-MS data to support the formation of suspected oxidation products, thus allowing us to

get an insight into the main mechanistic pathways of the HO•-induced oxidation of peptides. Finally, we were able to demonstrate

that UV exposure and heat treatment of hair act synergistically to accelerate damage on hair proteins. 

1. M. J. Davies, Biochem. J., 2016, 473, 805–825 

2. G. V. Buxton, C. L. Greenstock, W. P. Helman, A. B. Ross, J. Phys. Chem. Ref. Data. 17, 513-886 

3. S. Gebicki and J. M. Gebicki, Biochem. J., 1993, 289, 743–749 

4. J. M. Gebicki, Redox Rep., 1997, 3, 99-110 

5. M. J. Davies, Biochem. J., 1995, 305, 643-649 

6. B. Halliwell, J. M. C. Gutteridge, Free Radic. Biol. Med., 2015, Oxford University Press, 5th Edition 

7. S. P. Wolff, Meth. Enzymol., 233, 182-189 



Dr Manuel Gamez-Garcia

Ashland, USA

Manuel Gamez-Garcia received his Master&#39;s degree in Electrochemistry from the Tokyo Institute of Technology in Japan, and his PhD in
Engineering Physics in the field of Polymers from the Ecole Polytechnique in Montreal, Canada.

In his long career Manuel has held various manager positions related to personal care at Croda, Inc., Dow/Amerchol Corporation, Firmenich, Ciba,
BASF, and Ashland Specialty Ingredients, Currently, he is a Research Scientist at ACT Solutions Corporation

An experimental analysis of processes taking place during the hot ironing of hair at temperatures in the range between 120 - 170 C

shows that the mechanistic aspects of hair shape modification with this technique differ from those of other common forms of hair

reshaping processes. It was found that hair straightening with hot irons with or without chemicals always requires a forced viscous

or viscoelastic protein displacement at the hair amorphous matrix to reposition proteins, so they can accommodate for the new

shape. In the case of hair straightening without chemicals the forced displacement is mostly viscoelastic and without stress

relaxation, while in the case of using chemicals it is mostly viscous and with stress relaxation. Unlike other hair shaping processes,

where the necessary protein displacement occurs without major impediment, in the case of hot ironing it can only occur near the

hair glass transition temperature (Tg), and if the hot iron plates force the proteins to displace either viscously or viscoelastically.

Furthermore, viscosity reduction of proteins at the hair matrix is not only attained when the hot iron temperature is near or above

the hair Tg, but it can further be enhanced by plasticization due to ionic, disulfide, and other types of bond breakage/reformation.

The 1, 2, 3, process to change the shape of hair, namely 1) Softening of hair keratin, 2) Imposing mechanically a new shape, and 3)

Reforming bonds to lock-in the new shape, will be used to analyze hot ironing with other techniques to change the shape of hair. 
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Ass. Prof. David Seveno

Department of Materials Engineering, KU Leuven, Belgium

David Seveno (01-07-1975) is an associate professor at the department of Materials Engineering, Faculty of Engineering Science at KU Leuven since
2018. He obtained his PhD from the university of Mons in June 2004. He coordinates a research group focusing on the physical chemistry of
interfaces through the lens of the understanding and engineering of the liquid/solid interface (polymer-polymer, metal-metal), with the overall
objective of unravelling the relationships between the interfacial properties and mechanical/functional characteristics of the material. His
background in wettability, nano- and molecular-scale science and associated modelling required him to interpret and evaluate the complex
processes occurring at these interfaces.  
 
He coordinates the physical chemistry of interfaces group in the Department of Materials Engineering and is the main responsible of the laboratory
of complex surfaces and interfaces. Currently he is promoting 6 PhD students (and co-promotor of 4 other PhD students) working in the field of
nanoscale modelling (Al/Ni interfaces, anti-icing, cellulose), coatings, and high temperature wetting. Two PhD candidates have already successfully
defended their PhDs (2018 and 2019). 

Even though fibrous materials are made of the same ubiquitous elementary brick, i.e. fibers, they can be found in various forms

ranging, for example, from individual fibers (microscale), yarns/tows (mesoscale), and fabrics (macroscale). Characterizing their

surface properties through wettability then becomes tricky as the intrinsic physico-chemical surface properties must be

considered together with the geometrical organization of the fibers. This talk therefore aims at presenting recent developments

revisiting the wettability of fibers throughout scales.
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Characterizing the wetting properties and water surface interactions of curly hairs is very challenging due to possible interplays

between roughness, morphology, geometrical, hair shape, and surface chemistry effects. To shed light on the complex

mechanisms that control the surface interactions between type 8 hair fibers (e.g. the curliest hairs) and water, a novel

methodology was developed combining 3D-printing, tensiometry and optical and scanning electron microscopy (SEM). The

capillary and elastic contributions (resembling to a spring) of the force exerted on hairs by water were decoupled and intrinsic

wetting properties and the spring constant determined. First, based on a geometrical characterization (SEM), a numerical hair

model was designed (Figure 1a) and then 3D-printed (Nanoscribe) using an acrylic resin. When testing this hair model, thanks to its

high stiffness, homogeneous roughness and surface chemistry, water contact angles (WCAs) would only vary, due to geometrical

effects. Combining a tensiometer and an optical microscope (Figure 1b), receding and advancing WCAs were measured along

cylindrical and elliptical straight segments and along helicoidal segments. It was demonstrated that WCAs were identical for all

segments, revealing that the geometry of the hair model had no detectable effect on its wetting properties. Implementing a similar

approach, the wetting properties of straight and helicoidal segments of type 8 hairs were then tested (Figure 1c). Again, it was

found that advancing and receding WCAs for both segments were very similar with values of respectively 84.2°±1.1° and 29.9°±1.4°

for helicoidal segments. More specifically, these segments showed homogeneous wetting properties along their length. Finally,

based on the elastic contribution of the force measured by the tensiometer, the spring constant of the hairs was estimated as

0.046 N/m. 

To conclude, this work allowed us to understand for the first time the specificity of the wetting properties of very curly hair and

decorrelate the impact of hair shape and surface properties. Next step will be to link the mono fiber wetting properties to multi

fibers behavior which can help us to better understand real life curly hair wettability properties.   
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Nawel Baghdadli

L’Oreal, France

Nawel Baghdadli is actually managing Hair Biophysics team and Leading transversal Projects in Hair Fiber Discovery Domain at L’Oréal Advanced
Research.  
 
Her work focus on knowledge of hair, mechanisms of action and identification of new concepts and technologies for hair transformation.  
  
Nawel has a PhD in Physico-Chemistry, Material & Polymer Science. She has a wide experience as a researcher in several research institutes in
France, Europe and North America.  
  
She joined L'OREAL France +20 years ago where she developed a strong expertise, first on bulk properties and worked on different fields
from make-up to skin and hair care ; then on Surface and Interface Physico-Chem Science and Nanophysics for Skin & Hair.  
  
For a few years now, Nawel's work is more focused on Hair Science. Her projects covers a large area from knowledge and new insights in hair to
new approaches and concepts to feed unmet consumers needs.  
 
Nawel’s mantra is: Transform Science into Disruptive Innovation

Figure 1: (a) Numerical model of a type 8 hair, (b) 3D-printed hair dipped in water, (c) type 8 hair dipped in water  



Steven Breakspear

Kao, Germany

After gaining a PhD from the University of Portsmouth, UK, in the area of corrosion and electroactive polymers, Steven joined Kao Corporation in
Tokyo, Japan, in June 2004, as a researcher in hair and cosmetic science. In May 2013, he moved to Kao Germany GmbH, Darmstadt, Germany,
where he currently holds the position of Associate Director in the Basic Research and Technology Development group. With a special interest in the
microscopy and structure of hair, Steven has widely published and presented his work in the field of hair care and has also over 30 patent
applications to his name. 

Conventional permanent shaping technologies typically act through bond cleavage in order to facilitate rearrangement of the

hair’s internal structure and maintain a new shape, such as through the use of reducing agents in the perming process. This

process has numerous disadvantages for both the hair and the consumer. Recently, we have developed a new way of curling hair

utilising a simple trifecta of alkalising agents, heat, and moisture. In this talk we will describe our process for selecting suitable

alkalising agents and conditions and demonstrate the ability and advantages of our system for the curling of hair over

conventional technologies. 
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J. Jachowicz and K. Yao, Dynamic hairspray analysis. I. Instrumentation and preliminary results, J. Soc. Cosmet. Chem., 47, 73-

84 (1996).  

J. Jachowicz and R. McMullen, Mechanical analysis of elasticity and flexibility of virgin and polymer-treated hair fiber

assemblies, J. Cosmet. Sci., 53, 345-361 (2002). 

One of the aspects of hair styling that has challenged scientists over the years is the ability to measure the mechanical properties

of hair fiber-styling ingredient assemblies. Over two decades ago, we introduced a technique to conduct such measurements for

hair fixatives—mostly aerosol and non-aerosol hairsprays and finishing sprays [1]. This method consists of shaping the hair into the

form of an omega loop, treating it with a fixative agent, and monitoring the forces encountered as the loop undergoes deformation

using a Texture Analyzer equipped with a load cell. While this technique works very well for monitoring the mechanical properties

of hairsprays and finishing sprays, it is extremely difficult to employ for the evaluation of gels, mousses, and other styling agents,

especially when high molecular weight polymers are used. To address this shortcoming, we developed a cantilever three-point

bending technique, which allows for the evaluation of hair tresses treated with various styling agents [2]. While it is used almost

universally in the personal care industry, this technique has not yet been properly instituted and validated.  

  

In this presentation, we will provide guidelines for evaluating styling ingredients using the cantilever three-point bending

technique. We will demonstrate the utility of this approach by analyzing two naturally derived ingredients: cationic guar and cassia

hydroxypropyltrimonium chloride. The measured indices used to determine the mechanical behavior of the styling ingredients

consist of E1 (gradient in the elastic region of deformation), F1 (maximum force encountered during a deformation), toughness,

gradient in the post-fracture region, residual stiffness, F1/F10 (ratio of the maximum force of the tenth to first deformation), and

E10/E1 (ratio of the gradient in the tenth to first deformation).  

  

Studies of the dependence of the mechanical properties on concentration, molecular weight, and polysaccharide degree of

substitution will be presented. In addition, we will review data collected at various relative humidity levels ranging from 40% to

90% RH in increments of 10% RH. We will also present data on various polysaccharide blend systems consisting of 0.00:1.00,

0.25:0.75, 0.50:0.50; 0.75:0.25, and 1.00:0.00 ratios of cationic guar and cassia hydroxypropyltrimonium chloride. Furthermore,

blends of cationic guar with hydroxyethylcellulose (a commonly used rheology modifier) will also be discussed. Finally, we will

compare the mechanical properties of hair treated with naturally derived polysaccharides with hair treated with conventional

styling ingredients.  

  

References  
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Roger L. McMullen, Ph.D

Ashland LLC, Bridgewater, NJ, USA

Dr. Roger McMullen has over 20 years of experience in the personal care industry with specialties in optics, imaging, and spectroscopy of hair and
skin. Currently, he is a Principal Scientist at Ashland, LLC and leads the Material Science team in the Measurement Science department. Roger has
over 30 publications in peer-reviewed journals and textbooks. He is also the author of Antioxidants and the Skin, 2nd edition and founded the
online news magazine The Cosmetic Chemist. Roger received a B.S. in Chemistry from Saint Vincent College and completed his Ph.D. in Biophysical
Chemistry at Seton Hall University.  
  
Roger actively engages and participates in educational activities in the personal care industry. He frequently teaches continuing education courses
for the SCC and TRI-Princeton. In addition, Roger is an Adjunct Professor at Fairleigh Dickinson University and teaches Biochemistry to students
pursuing M.S. degrees in Cosmetic Science and Pharmaceutical Chemistry. Prior to pursuing a career in science, Roger served in the U.S. Navy for
four years on board the USS YORKTOWN (CG 48). He is fluent in Spanish and Catalan and currently is learning to play the classical guitar. 



Tom Cristiani

University of California, USA

Tom Cristiani began his research on interfacial phenomena during his PhD studies at University of California Santa Barbara working with Jacob
Israelachvili. During that time, one of Jacob's long standing collaborations with Procter & Gamble produced a seemingly simple question, "How
can we repeatedly measure the friction and adhesion between individual hair fibers?". This simple question required a complex and cross-
disciplinary answer involving machine design, computer vision, software development/automation, computational geometry, and physical
modeling - all of which will be discussed during Tom's presentation.  
  
Since graduating, Tom is now a senior researcher at Carbon, Inc., an additive manufacturing technology company, where he focuses on the
development of new dual-cure resins and 3D printing techniques. 

The adhesion force between individual human hair fibers in a crosshair geometry was measured by observing their natural

bending and adhesive jumps out of contact, using optical video microscopy. The hair fibers’ natural elastic responses, calibrated

by measuring their natural resonant frequencies, were used to measure the forces. Using a custom-designed, automated

apparatus to measure thousands of individual hair−hair contacts along millimeter length scales of hair, it was found that a broad,

yet characteristic, spatially variant distribution in adhesion force is measured on the 1 to 1000 nN scale for both clean and

conditioner-treated hair fibers. Comparison between the measured adhesion forces and adhesion forces modeled from the hairs’

surface topography (measured using confocal laser profilometry) shows they have a good order-of-magnitude agreement and

have similar breadth and shape. The agreement between the measurements and the model suggests, perhaps unsurprisingly, that

hair−hair adhesion is governed, to a first approximation, by the unique surface structure of the hairs’ cuticles and, therefore, the

large distribution in local mean curvature at the various individual contact points along the hairs’ lengths. We posit that haircare

products could best control the surface properties (or at least the adhesive properties) between hairs by directly modifying the

hair surface microstructure.

Abstract

Automated Measurement of Spatial Resolved Hair-Hair
Single Fiber Adhesion

Tom Cristiani, University of California, USA

10:50a - 11:20a



Many commercial hair products and treatments span a broad pH range (between 3.0 and 10.0), with some further beyond this

range. This makes studies on the effect of pH in the field of cosmetics an important topic of interest. The chemistry and structure

of hair proteins can be substantially affected by pH. High as well as low pH have considerable influence on the denaturation of

soluble proteins, as well as on hair.   

 

There have been numerous investigations of the mechanical strength of human hair fibres under different conditions and pH.

Conclusions from these investigations vary in results and hypotheses [1-3]. We have developed a robust experimental approach,

using Dia-Stron equipment, to determine changes of the elastic modulus due to [H]+ and [OH]- uptake and suitable hypotheses to

discuss these pH-related effects.  

 

The present investigation focusses on measurements of time-dependent changes of the elastic modulus of human hair fibres in an

aqueous environment. A new 100-sample rotary cassette has been developed at Dia-Stron, made from a chemically resistant

material. The sample cassette is now able to withstand pH extremes, enabling measurements of single hair fibres in aqueous

environment with various ion concentrations and pH ranges between 1 to 12.   

 

Modulus studies have been carried out on single-source virgin, as well as bleached human hair. For this investigation we used a

modified version of the hysteresis method in the UvWin software on a Dia-Stron’s Miniature Tensile Tester (MTT680). Repeated

measurements were carried out for a period up to two hours, on a single fibre. First results and attempts at modelling kinetics of

the effects of [H]+ and [OH]- uptake on virgin and bleached hair will be reported. 
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Thomas Davies

Diastron, UK

Thomas studied a B.Sc. in Pharmaceutical Science and an M.Sc. in Biotechnology. He stayed on to complete his PhD in materials science at the
University of Manchester, supervised by Prof. Franz Wortmann.   
 
After completion of his PhD in 2019, Thomas started a new position at the University of Leeds as a Postdoctoral Research Fellow supervised by Prof.
Chris Carr. His postdoctoral research worked closely with Unilever and Croda on various keratin fibre and textile technology projects.   
 
In late 2021, Thomas decided to move into an industrial position at Dia-Stron where he currently holds the position as Laboratory Manager. In this
position he is responsible managing their in-house application testing services and in addition to further developing the knowledge of hair and
other fibre developments within Dia-Stron. 
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