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Material I: The Two States of Hair

MANCH IF ! ER

1asayoueyy 1o Ausianuq sy

Physics &
Engineering

Biomaterial

Mature hair \"
Anectorpilimusclé‘
\
N
-
Sebaceous gland
Degradation of IRS
Primary
morphological i
components Zone of hardening of hair fibre
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BC Powell & GE Rogers in ‘Formation and Structure of Human Hair’, P Jollés, H Zahn, H
Hoecker (eds), Birkhaeuser 1997, p.59-148

http://naturalnigerian.com/2012/03/hair-101-the-scalp-get-this-right-and-your-hair-will-grow/
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Material Il: Fibre Structure

Hair cosmetics deals with the mature, ‘dead’ hair
shatft.

The hair shaft is a very complex biological
composite material.

The general structural features are consistent
across animal hairs.
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Merino Wool: Feughelman 1997 adapted from Fraser 1981
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Lazarus, B. S. et al, Iscience, 24(8), 102798 (2021).
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Hair Cosmetics R&D and Hair Testing

~

‘Beauty from Concept to Consumer
A Series of 4 Educational Workshops at IFSCC 2022

www.comicagile.net
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Anatomy of a claim
\

of Flow—>

Direction
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# This is “What the
[Product Actually Does”

Leaves, Fruits
& Flowers

This is “What the
Product Says it Does”
(e.g., “Tt moisturises”)
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\_--------

(e.g., “Repairs”)

4

“Hroduct Does What it Does”

(e.g

infomation continually generated”)

This is “ Why the

Roots

“All the scientific and research

Callaghan Consuting
~---------------ﬂ2m_"°ﬂl

The Anatomy of a Claim

Adapted from: T M Callaghan, HPC Today 17(3), 11 (2022)
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Claims & Laboratory Testing

c
(o) This is “What the
s Product A“ctual_ly”Does Tk
9 (e.g., “Repairs”)
E
This is “ Why the
“Product Does What it Does” Roots

(e.g., “All the scientific and research
information continually generated”)

The Anatomy of a Claim

Callaghan Consulting Intematior

MANCHESTER

Laboratory Tests for
Single Hairs & Tresses:
An incomplete list

Microscopy: Light, SEM, TEM
Optical Testing
Atomic Force Microscopy

Spectroscopy: FTIR, Raman, NMR

X-ray: Diffraction, Tomography
= Chemical & Protein Analysis

Mechanical & Thermal testing

Surface Analysis & Wettability
Sorption, Diffusion & Penetration

Adapted from: T M Callaghan, HPC Today 17(3), 11 (2022)

Studies
Molecular & Statistical modelling
etc, etc, etc

1asayoueyy 1o Ausianuq sy



#1 Fundamental Investigations

-

This is “ Why the
“Product Does What it Does”
(e.g., “All the scientific and research
information continually generated”)

The Anatomy of a Claim

MANCHESTER

Adapted from: TM Callaghan, HPC Today 17(3), 11 (2022)

2 case studies

#1 Wettability of the hair
surface, using the
Wilhelmy method

#2 Why is hair curly?
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#1.1 Wettability of the Hair Surface

Penetration depth
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o
& -500
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Movement direction 8
of water surface s _600
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-800
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Position on Hair [mm]

The principle of the Wilhelmy

method

PC Scores

Primary data & baselines

0 50 100 150 200 250 300 350 400 450 500
Spatial Wavelength, mue

Fourier & Principal Components Analysis: Sleep
& wake contributions to the daily changes of
surface energy

Wortmann, F. J., Wortmann, G., & Schulze zur
Wiesche, E. (2010). Langmuir, 26(10), 7365-7369.

MANCHESTER

A
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40
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o
-40

2 4 6 8 10
Position [mm]

Characteristic baselines for young
women

SEM of a Human Hair Hair Surface/Epicuticle

Mixed lipids,
linked to hair surface
by thioester bonds

Protein Patch

Concept for the dynamics of the surface
composition of hair 7
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#1.2 Why is hair curly?

@ para-cortical cell
@ ortho-cortical cell

No or Low ellipticity & Medium ellipticity & High ellipticity&
random distribution of cell types: biased distribution: bilateral distribution:
Straight Hair Slight/medium curl Strong curl

1 Curl formation depends, primarily, on the lateral segregation of ortho &
para-cortical cells.
2 There is no role of follicle shape or mechanical processes.

Helical content in %
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10 100 1 L 1 1 1 L L H
v 2 M
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§ 8 3; 80: F—04 Y
5. ' LI
?} European E 60 | E L ]
B S ? | wnao
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® 3 N § 40| oNaoH+TGA
c £ ANaOH + Cys
T 2 2 ONo-Lye
E g 20 | @No-Lye + TGA
1 | ANo-Lye +Cys
0 P} S —
1 1.2 1.4 1.6 1.8 2 22 2.4 0 5 10 15
Ellipticity Denaturation enthalpy in Jig
Ellipticity plays a strong synergistic role for IFs form the scaffold for a natural curl

curl formation

MANCHESTER

para- ortho-type

L

|

m//"" Y Orientation of IF
‘” //}\\ rien 10N O S

3D-TEM, Bryson et al. (2009)

@ Cell cross-section

0.1
141.4%C Asian Hair
0.08 -
% 0.06 -
8 004
]
T 0.02 A
o T T | T ' - |
126 130 135 140 145 150 155
Temp,°C

o/p-cell fractions are essentially equal
across hair ethnicities

Wortmann, F & G (2018). EXD 27(3), 292-294.
Wortmann, F & G, Sripho, T. (2020. EXD 29(3),
366-372.

Wortmann, F; Quadflieg, J; Wortmann, G
(2022). EXD 31(2), 257-258.
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#2 The Focus of Usual Testing

MANCHESTER

The successful implementation of the scheme
requires the synergistic interaction of three
fundamental aspects of hair testing.

This may be (usually) a top-down or
(sometimes) a bottoms-up approach

Direction;

This is “What the
Product Actually Does”
(e.g., “Repairs”)
Formalization

=

However — what comes first? Claim or % @

Test?

Chicken or Egg?
N
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Testing Hair & its Environment

General requirement for a test:

Accuracy & Precision:
Without precision data no comparative statement, eg between

Sample A vs B, can validly be made.
Case: Fatigue-failure Testing.

Lack of data precision — if unavoidable - is not necessarily a
disadvantage, if you got a good structural / physical /
statistical model.

Case: Hair Torsion

Established academic and commercial concepts usually
provide the context for testing. However, testing and data
analysis may also lead to the need to reconsider such
concepts. This provides challenges as well opportunities.
Case: pH-adjustment of Hair

10
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#2.1Constant Strain Fatiqgue-Failure testing

Survival Probability

Survival Plot

500 1000 1500

Cycles to Break

Failed fibre after x cycles

2000

Weibull model: Survival probability follows a
simple exponential decay

Weibull cumulative survival plot for
virgin and oxidized hair fibers at 5% strain

— Unstrained fibre
— —i 4

TR |
—— e i -3

MANCHESTER

Repeated Bleaches

1
0.9
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0.7
06 ®
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0.3

=virgin = Ix bleached ®2x bleached ®3x bleached

Slope
@
i

4x bleached

Failure kinetics/mechanism essentially does
not change with repeated oxidations.

? — - The pr_operties of a linear
2 o® regression  enable  the
2 g [ ‘ dete_rmination_ _ of the
£, 0®° "." R? = 0943 confidence limits of the
¥ 5 @_.».Q - parameters & thus the
4| o N=si ®irgin © Bleached statistical ~ comparison  of
5 sample performances.
6 8 10 12 14 16
In(cycles to break)
Cycles 4E+2 3E+3  2.2E+4 16E+5 1.2E+6 8E+6

Berriche, L et al; TRI Hair Conf 2022

Model approach enables
» dealing with incomplete data
» reduced test times & sample sizes
» enables valid comparison of samples

X/
o0

enables experimental design

P

(0] 9 *106

E u
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& u T e 162 *10°
== S~e 1105

C R

0 ~a 837

= 3000 =&

2 ~

Q 4539

© N

?6 . 55 \\s 3.65

=

N

= ovirgin @1xBleached e2xbieached e3xBleached 4x Bleached

In(characteristic lifetime) follows simple (1st order?)

kinetics. Precision constant.
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#2.2 Torsional Testing of Human Hair
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Suspension wire

Reference line

"./\<Z\+e,.
-6,

The torsional pendulum

25
Virgin Hair, 12% RH
2.0
¢
15 | ? et *
* . ' .

=
)

=
o

0.E+00 2.E+06 4.E+06 6.E+06 B.E+06 1.E+07
Polar Moment of Inertia, pm?

Storage Modulus 5°, GPa
=

Torsional modulus changes with PMI. G’ is not
a material constant.

10.0
8.6
2Co 83 o
8.0 1 B Bxo :'w Adapted from Lunn et al, 2018
o] 5.6 h G
§ 60 v Bleach & ( _ .
o & S~o
. 1 9 35 S~
L) 4.0 @ ! el
1.6 = 300 g Se
2.0 1 11 1.0 2 Cuticle <
O 250 .. N ~
S Virgin @— ° %,
0.0 - T = 200 S
ur Pw Ub Pw Ub Shp 5 15 N
27| me e B.
Treatment © 100 =~ _ Cortex
0.50 o
. . . 0.00
Torsional modulus contributions of cortex and 0 0 20 30 40 S0 60 70 80
cuticle can be separated. RH, %

Wortmann, F & G et al (2010) TRI Conf; Wortmann, F & G. et al (2014). J Cosmet Sci, 65(2), 59-68
Lunn et al (2018). J Cosmet Sci, 69(5), 383-396.
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Filament  Matrix Endo Exo

G* = (G *CO ICO + G*cu Icu)/I

€0 = cortex
cu = cuticle

X
)

Torsional moduli of cortex and
cuticle change with humidity
with a strong effect of chemical
pre-treatment.
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#2.3 pH-Adjustment of Human Hair (HClI & NaOH)

3 2.5hrs <t < 5.2 hrs (95% CL) & o
[|v] y=2.23 +0.60 * x ; R? = 0.863 -
- 3
pH7 > In (time, s) f "
3
% 99% conversion: 16 hrs é !
0 oo
2 9
Acid : pH(t) = pHl. — (pHy — pH.) exp (-1/7) P . pH1
Alkali : pH(t) = pH. + (pHy — pH..) exp (-t/1) | )
-4 -3 -2 -1 0 1 2
pH-adjustment follows essentially equallst-order kinetics log ([H*], / [H*]e) » [H*]g = 1nM/g

for acid and base.
H* and OH- -absorption (for the specific conditions) show the

same two-parameter physi-sorption isotherm (Freundlich)

3000 & .
: I Breuer: pH 1.2 l
2500 { 4 8500 uM/gs : i
10000
i - + +
mZOOO b ‘ : KD - [H ]S/ [H ]L Acid ~Base
{D ¥ | 8000
S 1500 - i
3 (P T 6000
21000 4 % i . =
A" | e 4000
o ; A
o 500 AGf"--A : ¢ &L X
2 % KA 2000
T o & olRn. ﬁ*omﬂ 13 12 11 8
0
-500 T T T I T T T 0 1 2 3 4 5 6 7
0 2 4 6 8 10 12 14
pH.. pH..
Experimental & literature data (hair & wool) follow the
expected U- shaped curve. Equilibrium uptake in The absorption for H* and OH- is especially biased towards
experimental pH-range is questionable. hair in the mid pH-range. No special pHs or roles of specific
amino acids. No diffusion barrier. 13
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Conclusions

Test: Accuracy & Precision Structural & physical / mathematical
Experimental Design _ models as basis for optimum yield of
Minimal & high-throughput testing information from testing.

If you always do

@ what you've always
l’i&] done, you'll always

get what you've
always got.

Which fundamental or strategically
important concepts are supported or
challenged by the data? 14
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Epilogue: Conflict of Goals

Over- and under-interpretation of tests/models/concepts:
Challenges & Opportunities

These facts prove No! These Facts
MY theoryl prove MY theory!

CORE PRINCIPLES IN RESEARCH

JORGE QUM D 2009

OCCAM'S PROFESSOR

"WHEH FACED WITH TWo POSSELE WAYS OF
DoiNG SOMETHING, THE MORE COMPLICATED
OHE 1S THE OHE YOUR PROFESSOR WILL

LELY TO BE TRUE." MOST LIKELY Ak You To Do

OMICS.LOH

Researcher Marketing

www.nature.com/articles/s41565-022-01166-5 15
https://i.pinimg.com/originals/f0/99/6a/f0996abbfch2f0e9644c839686f4bbof.gif
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Thank you for your attention!
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