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ABSTRACT

The relationship between rheological parameters and skin-feel was investigated

and significant relationships were established.

A range of rheologically different materials, spanning the practical viscosity range

for skin application, was formulated. The sample sets included: silicone oils,

water-in-oil and oil-in-water silicone emulsions, poly(vinyl alcohol)/sodium borate

gels and beeswax/liquid paraffin mixtures. Three branded products (Vaseline

Intensive Care Lotion, Anne French Deep Cleansing Milk and Cream E45) were

also included.

Twenty persons were trained as sensory evaluation panellists. The panel

subsequently assessed each sample for skin-feel intensity.

A controlled strain rheometer was used to rheologically characterise the samples.

Experiments were conducted at 32°C, (skin surface temperature), and at a range

of temperatures between 10°C and 45°C. The PVA/sodium borate gels exhibited

marked shear thickening behaviour and unstable flow above critical shear rates.

The sensory attributes: visual thickness, amount of peaking, stickiness,

greasiness, wetness, oiliness, spreadability, thickness, smoothness, thermal

effect, absorbency, residue amount, residue tackiness, and skin slipperiness

after-feel, were all closely related to viscosity (continuous shear and dynamic).

Firmness and elasticity were most closely related to complex modulus. Visual

creaminess and creamy feel were closely related to phase angle. Stringiness was

most closely correlated to the Arrhenius exponential index. Principal components

analysis and biplotting were used to summarise the relationships.

The sensory attribute intensity values, for any sample, were reliably predicted

from rheological measurements using multiple linear regression models. R2 values

were better than 0.75, with root mean square errors of less than ±1.1 (on each 0

to 10 scale), for the majority of the attributes.

Hydrating the skin with water and patting dry immediately prior to sensory

evaluation, resulted in statistically significant minor changes in certain sensory

attributes. Diluting the samples with water resulted in statistically significant major

changes in specific sensory attributes and rheological parameters.
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1. INTRODUCTION

1.1 CONCEPT & OBJECTIVES

Rheology is a study of the way materials deform and flow. Viscosity is a frequently

measured rheological property and is often measured using a rotational

rheometer. The rheometer applies a rotational strain to the material and the

resulting stress is measured. The degree of solid-like or liquid-like behaviour,

known as viscoelasticity, can also be measured. Frequently this is performed by

applying an oscillating rotational strain to the material, and measuring the

transmitted oscillatory response.

In a similar manner, when one spreads a material on the skin, for example a

hand-cream, one applies a rotational or oscillatory strain to it with one's fingers or

hand. As one is spreading the cream on the skin, one is subconsciously

assessing its various attributes - such as how thick or thin it is, how hot or cold it

feels and whether it feels pleasant or not.

Psycho-rheology explores the relationship between these two analogous methods

of assessing materials, i.e. the relationship between the objective rheological

measurements, and the subjective human evaluations. The term Psycho- comes

from Psychology, or more precisely, the psychology of our perception and

cognition. Perception is defined as - the experiences caused by stimulation of the

senses. In this study the sense of touch, or the skin-feel of the materials is

investigated.

The objectives of this project are: to establish and investigate the psycho-

rheological link; to identify how, and to what extent, one recognises the different

types of quantifiable rheological behaviour. This study aims to answer questions

such as -

• terminology such as rich or creamy is commonly understood by everybody, but

can mean slightly different things to different people; but what do these

expressions mean in terms of rheological behaviour, and how sensitive are we

to changes in properties?
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The psycho-rheological relationship also leads to the following practical benefits:

• The skin-feel of a sample may be predicted from rheological measurements.

• Product formulators will know how to tailor make a sample to achieve a specific

skin-feel.

• Consumer preference ratings, in combination with the psycho-rheological

model, will indicate how to optimise a product for preferred skin-feel

characteristics.

• Market positioning is enhanced by product differentiation.

The objective is approached in 4 stages:

1. The production of a wide range of rheologically different materials.

2. The rheological characterisation of these materials.

3. The generation of language expressions for skin-feel tests. The sensory

assessment of the materials in terms of this language.

4. The establishment of the relationships between the rheological parameters and

the skin-feel attributes. The formulation of a model to predict the skin-feel

properties from the rheological parameters.

1.2 MATERIALS

The materials have been chosen to span the practical viscosity range for skin

application (fluid to semi-solid). The materials have also been selected to go

outside current formulation space in the personal care market, i.e. the materials in

this study include textures that are not currently observed in marketed personal

care products. Five different types of materials have been formulated, each

setting up a viscosity spectrum. The sample sets are:

1. Silicone oils

2. Poly vinyl alcohol (PVA) / sodium borate gels

3. Water-in-oil silicone emulsions

4. Oil-in-water silicone emulsions

5. Beeswax / liquid paraffin samples
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Each viscosity spectrum is set up by increasing the volume fraction ratio in each

sample set, except for the silicone oil set, which incorporates samples with

increasing viscosities.

The sample sets are all formulated with the minimum number of ingredients and

are as simple as possible. The silicone oils and the silicone emulsions have been

selected as materials because silicones are generally accepted as safe for skin

application l and are used in many marketed personal care formulations. Beeswax

and liquid paraffin are also safe for skin application, as are PVA/sodium borate

gels which are commonly used as a children's toy, i.e. "slime".

The samples are not designed as personal care products, although some samples

may be similar to them. Three marketed products are also included in the study as

familiar reference points, they are Vaseline Intensive Care Lotion, Cream E45 and

Anne French Deep Cleansing Milk. These products are familiar to most of us and

give us a point of recognition amongst the wide range of samples used in this

research.

1.3 SKIN-FEEL

1.3.1 Pilot Experiment

In order to assess what kind of skin-feel differences exist between samples, a pilot

experiment has been performed:

Six untrained subjects from within the chemistry department participated in this

experiment. Tests were carried out by applying a half pea sized amount

(approximately 0.1g) of 10 different consistency silicone emulsions to the under

side wrist of each subject using a small plastic spatula. Initially the sample was

"dabbed" to judge the feel, then spread over the wrist / lower palm area with two

fingers of the opposite hand. Texture was also judged between these two fingers

and the thumb.
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Descriptive words about the feel and texture, which the subjects generated, were:

greasy, oily, cooling, sticky, tacky, spreadable, slimy, pleasant/unpleasant,

creamy, thick/thin, absorbent.

The most commonly used words were greasy and oily. These attributes were

reported fairly consistently by all subjects. Subjects were invited to report whether

samples were greasier or oilier than previous ones. The results indicate that the

silicone emulsions with a higher viscosity were judged to be greasier than those

with a lower viscosity, which were made out to be oilier. The amount by which

samples felt cooling on the skin was not as consistently reported.

This pilot experiment shows that rheological differences between samples can be

detected by subjects, and some skin-feel attributes are easier to tell apart than

others.

1.3.2 Sensory Evaluation

When one applies a product to the skin, one generally uses all the senses except

taste to get an impression of it. Sight is used to judge the colour, opacity,

opalescence, texture and extensional ("dabbing") characteristics. Touch is used to

assess the skin-feel, smoothness, absorbency, thermal effect, painfulness of the

sample. Smell is used to identify if the sample has any fragrance. Hearing is used

to hear if the sample makes "squelchy" or other sounds when the sample is

"dabbed" between skin surfaces. A consumer will decide from all these senses

whether he/she likes or dislikes the product, and to what extent.

This study will concentrate mainly on the sense of touch to assess the skin-feel

characteristics of each sample, since these characteristics are likely to be closely

related to rheological measurements. Sight will also be used in assessing the

extensional skin-feel properties of the samples, such as stringiness.

Hedonic ratings, i.e. pleasantness or unpleasantness, have not been assessed in

this study. The subjects were acting solely as human rheometers, and liking or

disliking was disregarded.
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It was decided to assess the samples for their skin-feel properties by using a

panel of 20 subjects who were trained over a couple of months, before assessing

each sample following a set protocol. Sensory assessments were performed over

several months, with samples presented in a random order. The inner forearm

and one finger of the opposite hand were selected for the sensory evaluation of

each sample. This inner forearm was the most suitable area to use due to the

general lack of hair, and the constant nature of skin-feel in this area.

The initial stage in training a panel is to generate the language that will be

subsequently used to assess the samples. The generated terms are then reduced

to just a few key sensory attributes which are used to evaluate the samples.

Panellists are then trained to use each sensory attribute using maximum and

minimum samples which set the limits of the scales they will be using. In this case

the scales range from 0 to 10, and panellists mark each sensory scale where they

think appropriate for each sample. For example, on the thickness scale, a thin

sample will be rated low down, with a value between 0 and 5, and a thick sample

will have a value between 5 and 10, depending on how thick or thin the sample is.

Two non-skin-feel sensory attributes have been incorporated into each sensory

assessment, i.e. visual thickness and visual creaminess, for purposes of

comparison to the skin feel properties.

Each sample will thus end up with a score (an average over all the panellists) for

each sensory attribute. This unique set of scores for each sample will be

compared with the rheological measurements.

1.4 RHEOLOGY

What types of rheological experiments are relevant for comparison with subjective

skin-feel experiments? The shear rates, frequencies, time scales and

temperatures operating during sensory assessments must be considered when

answering this question.
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The shear rates involved in sensory evaluation span a wide range. For assessing

the visual thickness of a sample by tilting the container, the shear rate is low. As

the sample is spread on the skin, the shear rate increases as the layer thickness

of the sample decreases.

The layer thickness was estimated by adding a spherical calibration material

(3.831.1m pollen) to a cream and dispersing it uniformly throughout the sample.

The average number of particles per unit volume was counted using a

haemocytometer and an optical microscope interfaced with an image analysis

setup. The calibrated cream was then applied to a microscope slide with a finger

and spread with 4 strokes. The resulting spread thickness was calculated by

counting the average number of particles in a set area. Spread thickness varied

from 1 mm to 0.1 mm.

For spreading a sample on the arm at a medium velocity (v) of 300 mm s-1 , as the

layer thickness (h) of the sample decreases from 1 mm to 0.1 mm, the shear rate

( .j, = v / h) increases from 300 s -1 up to 3000 s-1 . It was judged that the shear rate

range of interest was 10 -3 up to 104 s-1 (in agreement with other work - see Section

2.3). The frequency range for oscillation experiments was selected as 0.1 Hz up

to 10 Hz. Stress relaxation experiments were conducted over 10 minutes.

The temperature of sensory experiments was very close to skin temperature

which was measured at 32°C —> 33°C (in agreement with other work 2). The

temperature for rheological experiments was therefore set at 32°C. Some

experiments were also performed at a range of temperatures spanning 10°C —>

45°C, in order to assess the effect of temperature change on the samples'

rheological behaviour.

The sensory attributes, such as thickness, yield one characteristic value for each

sample. This incorporates a whole range of shear rates as the layer thickness

decreases, but the panellist makes only one judgement about the overall

thickness impression of the sample. The measured viscosity can therefore not be

simply equated with sensory thickness for most samples (apart from Newtonian

fluids), because most samples yield a range of different viscosity values at

different shear rates. For example, a hand cream will have a high apparent

6



viscosity in the container (at low shear rate), when the shear increases (as it does

during spreading the sample on the skin), the viscosity decreases. Therefore no

single viscosity value can represent the full viscosity behaviour of the sample for

comparing with the single sensory thickness value. Theoretical models, such as a

power law model, are therefore used, since they fully represent the sample

behaviour in the shear rate range of interest. The characteristic parameter/

parameters from these models can then be compared with the single sensory

values for each sample.

1.5 HYDRATION & DILUTION

Hydration of the skin and sample dilution may effect the sensory attribute

intensity, and is also of commercial interest to the personal care cleansing sector.

The difference in sensory attribute intensity between dry arm and pre-hydrated

arm assessments is investigated. This comparison basically simulates the effect

of a bath or a shower. After drying oneself, and immediately applying a personal

care product, the same product may feel different in some sensory attributes than

it does on totally dry, non-hydrated, skin.

Diluting samples with water, and then measuring them on pre-hydrated skin,

simulates the effect of applying a personal care product onto wet skin (for

example during a shower), which would result in the dilution of the applied product

with the water on the skin surface. The changes in sensory and rheological

parameters are investigated.

The skin becomes fully hydrated after only about 5 or 6 minutes of hydration, and

dries out again to normal levels after between 5 and 15 minutes 3. Therefore the

hydration time in this study was set to 5 minutes, and the water used was initially

at 40°C.
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1.6 OUTLINE

This work is presented in the following order:

1. Introduction to the concepts and objectives (this chapter).

2. Review of similar work in sensory analysis and rheology.

3. A description of the basic theory required to understand, to use and to analyse

skin-feel, rheology and the relevant statistical procedures.

4. A detailed experimental description of the sample preparation techniques, the

methods used for training panellists, the sensory evaluation procedures and

the rheological techniques and instruments used to analyse the samples.

5. The results and discussion of the sensory assessments and the rheological

characterisation. The use of multivariate statistical techniques to identify the

links between the sensory and rheological attributes. The formation of

predictive models. The comparisons of these results with other work detailed in

the review section.

6. The conclusions of the study, including a summary of the key results and a

statement to what extent the objectives have been achieved.

7. Ideas for further work.

This thesis demonstrates that a wide range of rheologically different materials can

be formulated using a minimum number of ingredients. Rheological

characterisation shows Newtonian, shear thickening and shear thinning

behaviour. Unstable flow is observed for the PVA/sodium borate gels above

critical shear rates. A wide range of viscoelastic behaviour is observed between

sample sets, and also within samples sets, for the W/O silicone emulsions, the

PVA/sodium borate gels, the beeswax/liquid paraffin samples and for the branded

products. Relaxation times vary greatly within the sample sets: W/O silicone

emulsions and beeswax/liquid paraffin mixtures. Noticeable differences in

temperature sensitivity are identified between samples. The PVA/sodium borate

gel system is identified as the most temperature sensitive, which agrees with

observations from sensory evaluation - in that the gels tend to "melt" on the skin

(becoming less elastic and less thick, as the samples warm up to skin surface

temperature).
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Controlled protocols, a clear terminology and reference scales are developed

which enable panellists to consistently differentiate between samples. The trained

sensory panel is shown to be a valid and reliable method of assessing the

sensory attributes of a sample on the skin.

Correlation analysis, scatter plots, principal components analysis and multiple

linear regression are all used (statistics analysis software SAS 6.10 and Microsoft

Excel 7.0) to identify and to summarise the relationships between the sensory

attributes and the rheological parameters. Results, from all 29 samples analysed

together, indicate that the sensory attributes: visual thickness, amount of peaking,

stickiness, greasiness, wetness, oiliness, spreadability, thickness, smoothness,

thermal effect, absorbency, residue amount, residue tackiness, and skin

slipperiness after-feel, are all closely related to viscosity (continuous shear and

dynamic). Firmness and elasticity are most closely related to complex modulus.

Visual creaminess and creamy feel are closely related to phase angle. Stringiness

is most closely correlated to Arrhenius exponential index.

Multiple linear regression models show that sensory values can be predicted from

rheological measurements to R2 values of 0.93 or better for individual sample sets,

and to R2 values of 0.5 or better for all samples together. The model for all

samples together allows the sensory prediction of any new sample, not included

in the model, to an accuracy of ±1.6 (on the 0 to 10 scale), provided that the new

sample is approximately similar to the samples used in this study.

Hydrating the skin with water and patting dry immediately prior to sensory

evaluation, results in statistically significant minor changes in certain sensory

attributes. Diluting the samples with water results in statistically significant major

changes in specific sensory attributes and rheological parameters.
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2. BACKGROUND REVIEW

2.1 RHEOLOGY

2.1.1 History of Rheology

The science of rheology began to be systematically studied following the founding

of the (American) Society of Rheology during the third Plasticity Symposium in

1929. Scott Blair4 gives a vivid account and lists all the scientists who served on

this pioneer committee. He also tells us that the word "Rheology" was selected by

Bingham5 (on advice of his Professor of Classics) and it was defined as "the study

of the deformation and flow of matter". Similar organisations were subsequently

set up in other countries, including the British Rheologists' Club, which was

founded in 1940. The early history of when rheology was first studied remains

obscure.

Scott Blair, in his historical review of rheology
4
, suggests that the first

documented rheologist was the Egyptian, Amenemhet, "Knight and Keeper of the

King's Seal" who lived during the 16 th century BC. Amenemhet, in his

autobiography found at his grave, describes a water clock in the form of an obtuse

conical vessel with a hole in the bottom, capable of telling the time correctly

throughout the night. Amenemhet seems to have empirically corrected the angle

of the cone to take into account the rise in the viscosity of water as the

temperature decreased during the night. HOppler6, who described this work in

more detail, also pointed out that the ancient Sumerians, some 5000 years ago,

took as their unit of weight, the weight of water flowing out of a standard vessel in

unit time. They did not, however, seem to have made a viscosity/temperature

correction for the water.

Rheology hardly advanced with the Greek Philosophers or during the Roman

period. The Indians did develop rheology further by the first century AD. They

suggested that substances consisted of varying proportions of five attributes,

which they called Bhutas, each responsible for certain physical and chemical

charactenstics7 . The Buddhists, on the other hand, conceived as the
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fundamentals of matter: extension (with hardness), cohesion (with fluidity), and

heat pressure (with motion).

Rheology continued in Europe with Leonardo da Vinci (1452-1519) who, along

with his famous paintings and scientific ideas, studied the flow of water through

orifices and channels as well as wave motion. Also in the 16th century, Bernard

Palissy criticised earlier ideas about rheology and included a great deal of

practical rheology in his writings 8, e.g.: he criticised the Romans for referring to

soils as "fat". He said that soils were not "viscous", but "paste-like", if clays were

"fat", he suggested, they could not be dispersed in water.

Galileo's book, Discourses Concerning Two New Sciences, which was published

in 1638, reviews and refines his earlier studies of motion and mechanics. He also

discusses the cohesion of ropes, the causes of fractures in solids and the

stressing of beams8 . In 1678 Hooke enunciated his law "ut tensio sic vis" (as is

the extension so is the force) - the stress imposed on a solid is directly

proportional to the strain, within the elastic limit. Newton soon followed in 1685

with his own law relating stress to velocity gradients in fluids.

Today, the study of rheology is indispensable and widely used throughout

industry - providing fundamental information for successful product development

and quality control.

2.1.2 Recent Work on Personal Care Products

The rheology of personal care products is important for consumer acceptability.

The consumer expects liquid products to flow slowly out of a bottle and be easily

spread over the skin, the consumer will not accept a product forming undesirable

long strings or cobwebs. Balzer, in a study of the viscoelasticity of personal care

products (1995)
10

, used a fatty alcohol ether sulphate as a basic model surfactant

and measured the storage and loss moduli as well as liquid thread formation.

Balzer looked at the effect of surfactant and salt concentration, and the addition of

thickeners and non-ionic / zwitterionic surfactants. Results showed that, for

aqueous solutions of anionic surfactants blended with salt, the rheological

response was viscoelastic and samples behaved as Maxwell fluids. Blends with

non-ionic, zwitterionic and low molecular weight polymers also resulted in
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Maxwellian behaviour. Blended with high molecular weight polymers, the

behaviour was no longer Maxwell-like. The thread properties were explained by

the balance of viscosity and elasticity.

Earlier, Patel and Cutie
11

(1982) had also pointed out the importance of

rheological assessments and product characterisations in solving formulation

problems - such as - product texture, flow characteristics and the physical stability

of suspensions/emulsions/semi-solids.

Purwar et al.
12

(1988) used a parallel plate assembly to measure the

viscoelasticity and viscosity of pharmaceutical and cosmetic semi-solids under

normal stress. It was analogous to a plastometer technique where samples were

pressed between parallel plates. The advantage of the system was that it

measured the rheology of samples using a simple and readily accessible low-

shear method, allowing the study of materials at approximately quiescent

equilibrium states.

Dahms
13

 (1991) pointed out that the performance of skin care products, or

cosmetics applied as emulsions, depended to a great extent on their rheological

behaviour. It was therefore suggested that, cosmetic chemists were interested in

formulating oil-in-water as well as water-in-oil emulsions which achieved desired

viscosities that would remain constant during the required shelf life. Dahms listed

the various parameters that the viscosity of an emulsion depended on:

• viscosity of the external (continuous) phase

• volume concentration of the internal phase

• particle size

• particle size distribution

• particle aggregation

• chemical nature of the surfactant

• concentration of the surfactant

The author explained how the use of steareth-5-stearate, as a viscosity regulator,

avoided the disadvantages of using polyacrylic acid derivatives, which were often

used in skin care products as thickeners.
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Inoue and Osaki (1993) investigated 14 the rheological properties of poly(vinyl

alcohol)/sodium borate aqueous gels using a controlled stress rheometer.

Solutions exhibited marked shear thickening and unstable flow above certain

critical shear rates. Frequencies corresponding to a maximum in the loss modulus

were approximately equal to corresponding critical shear rates. A temporary

network model of cross-link sites of a finite lifetime was proposed.

Hewitt and Dahms
15

 (1996) have investigated the effect of rheology on physical

sun protection factors in sunscreen formulations. Results showed that the ideal

rheological behaviour for sun protection products based on physical sunscreens

was: a low viscosity in the shear rate range above 800 s-1 , a low thixotropy, such

that the product can be spread easily over the skin but then recovers its viscosity

to form an even protective film, and rapid recovery of structure and viscosity after

spreading has stopped.

Further recent rheological studies are discussed together with their sensory

significance in the psycho-rheology section 2.3.

2.2 SENSORY EVALUATION

2.2.1 Historical Background16'17

Sensory evaluation is not new; in fact it must go back to pre-historic people who

began testing the viability of food, water, shelters, weapons and everything that

could be used or consumed. More formal sensory testing started with the rise of

trading. Sellers were grading goods in terms of quality and setting an appropriate

price. In the early 1900s food and drink tasting gave rise to some professional

tasters
18

, but the tests were not consistent or sufficiently reliable.

Then in the 1940s the Americans found it increasingly beneficial to employ a more

systematic approach. They formed the U.S. Army Quartermaster Food &

Container Institute, which carried out research on acceptable nutrition for the

armed forces
19

.
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At the same time the Scandinavians were developing their own test procedure,

called the Triangle Test20 which was a type of discrimination test between three

samples. This method is still in use today, but has its limitations with products that

involve sensory fatigue, carryover, or adaptation, and with panellists who find

testing three samples too confusing.

In the food industries all over the world, companies and trade associations started

to devise their own form of so-called sensory evaluation techniques. These

consisted mainly of employing an in-house expert who would test samples for

taste and product quality.

Scorecards21 were subsequently developed to serve as a basis for maintaining

records, and levels of product acceptance were equated with quality. But with the

growth of the economy and competition it soon became apparent that relying on

just a few experts for finite product quality decisions was questionable. In 1957

the development of the "Flavour Profile Method
,,

	a qualitative form of

descriptive analysis that minimised dependence on the technical expert, replaced

the single expert with a group of about 6 flavour experts who were responsible for

yielding a consensus decision.

According to Jones 23 (1958) this approach provoked controversy among

experimental psychologists, who were concerned with the concept of a group

decision and the potential influence of an individual in this group on this

consensus decision. However this "conflict" drew more widespread attention to

the concept of sensory evaluation, and by the mid-1950s the University at Davis

was offering for the first time a series of courses on this subject.

In the 1940s and 1950s other assessment tests were devised: Various "paired

procedures" tests were devised in order to establish product differences and

preferences, and "hedonic scaling" tests, a type of acceptance test, were also

developed.

By the 1970s sensory evaluation had emerged as a recognised scientific

speciality, although Pangborn24 (in 1979) pointed to three issues still of particular

concern: 1) The lack of test objective, 2) The adherence to a test method
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regardless of application, and 3) Improper subject selection procedures. Since

then, sensory evaluation methods have continuously been developed and refined

to serve economic interests.

Currently, most consumer product companies use sensory evaluation to assess

the commercial viability of their products. Foods, beverages, personal hygiene

and household products are amongst the most commonly assessed commodities.

Sensory techniques have become indispensable in research, product

development and quality control.

2.2.2 Recent Work

In the 1950s the American Society for Testing and Materials (ASTM) formed

Committee E-18 - responsible for sensory evaluation of materials and products.

They helped to develop, and provided guidance for, sensory testing methods25

and guidelines for the selection and training of sensory panel members26.

Recently (1992) the ASTM published their "manual on descriptive analysis testing

for sensory evaluation
”27

. The four methods discussed, all involve the training

and use of sensory panels:

1. The Flavour Profile Method
28 

uses a minimum of 4 panellists who are trained

over -6 months with daily practice to independently evaluate, using a blank

sheet: amplitude rating, character notes, intensities (7 point scale ranging from

threshold to strong), order of appearance, aftertaste, texture, and appearance.

2. Quantitative Descriptive Analysis 29 can be used for the testing of most

consumer products. The procedure employs 10 - 12 panellists, trained over 2

weeks for 8 to 10 hours. Panellists use graphic rating scales with attributes

listed in order of occurrence, with a repeated trials design (minimum of 3

repeats).

3. The Spectrum Descriptive Analysis Method16' 37 may be used to test all

consumer products. 12 - 15 panellists are trained over 3 to 4 months for 60 - 80

hours. Panellists use a 150 point scale on score cards listing detailed attributes
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anchored to references. Detailed evaluation procedures are attached to score

cards.

4. The Texture Profile Method, used to test foods and beverages, employs 6 to 10

panellists, trained over 4 to 6 months (90 to 100 h) to evaluate intensities on a

0 to 3 scale. Written evaluation is carried out to develop lists of suitable textural

attributes from a glossary of attribute definitions.

Powers (1984)
30

 also described in detail the current practices and applications of

the Flavour Profile Method and Quantitative Descriptive Analysis for use in the

food industry.

The Texture Profile Method (developed for foods) was further adapted by

Schwartz
31

 (1975) for use with skin care products. The newly developed method

was applied to ingredient selection, matching target attributes and identification of

quality control problems. New problems such as application characteristics and

after-feel were accommodated into the new method.

Stone and Side1 32 (1986) focused attention on the benefits of sensory evaluation

for skin care products. They indicated that descriptive analysis methodology was

extremely useful because of the analytical and quantitative nature of the results.

Discrimination testing was useful when formulation or process changes were

considered. A 9-point hedonic scale, used for measuring product liking and

preference, was also discussed for use in the latter stages of product

development.

Civille and Lawless
33

 (1986) focused on the importance of language in describing

perceptions. They stated that a set of terms used in descriptive analysis should

enable differentiation among products. Terms should be uncorrelated with each

other, but should be related to physical or chemical references. The choice of

reference sets and the boundaries of the terms for descriptive analysis training

were discussed.

Aust
34 

et aL
35 

(1987) conducted a descriptive analysis study of five skin care

products using a trained panel of judges. The panel was trained to reproducibly
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measure the relative intensities of product attributes on a numerical scale.

Attributes rated included - product appearance, rub-in, absorption, appearance of

skin (shine), immediate and delayed after-feel. Differences in perceived skin-feel

attributes distinguished products from each other, although the products

evaluated were all marketed lotions whose package labels indicated equivalent

dry skin efficacy. The authors noted that, during the course of training the panel of

10 judges over 6 months, group dynamics and the level of interest in the project

were nearly as important to its success as the ability to discriminate skin-feel

differences among products. Initially it was important to emphasise the difference

between liking and intensity. The panel's task was to evaluate how much of a

particular attribute was perceived in a product, not how well it was liked.

Stranberg and LindstrOm 36 (1988) used 5 silicone oils in the viscosity range

100 mPa s to 1000 mPa s in a selection test for the creation of a panel for sensory

discrimination tests of skin care products. The study was performed as triangle

tests
16

. Subjects were presented with 3 test samples, two identical and one

different. Subjects were asked to apply the samples to their skin and to identify

the deviant sample. Subjects who were capable of reproducibly distinguishing the

deviant sample, where the viscosities used were 200 mPa s and 350 mPa s, were

deemed suitable for future acceptance onto a panellist training programme.

Civille 37 (1991) described in detail the Spectrum Descriptive Analysis

Method16,27,37 , which had developed terminology and strict protocols for use in

describing the skin-feel of skin care products. The resulting analytical sensory

data provided full documentation of a sample's sensory skin-feel properties which

could then be related to consumer responses and instrumental physical tests.

Panel training required 40-50 hours of panel orientation and 50-75 hours of

practice over a three month period. Civille goes on37 to evaluate two commercial

products - a gel and a hand cream using a Spectrum descriptive analysis panel of

8-15 trained subjects. The variability in the data sets was low as a direct result of

the controlled protocols, clear terminology and reference scales. Distinct

differences among products were identified. Civille claimed that the data tended to

demonstrate both high validity and high reliability. The author goes on to suggest
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that if instrumental measurements and sensory descriptive data can be correlated,

the instrumental measures could be used to predict the "feel" of a product.

The following tables (Table 2.2.2-1 and Table 2.2.2-2) of Spectrum terminology

37
and intensity scale values are taken from Civille 

16,	
(1991) - and are of

particular interest to compare with the terminology and protocols developed in this

study (see Section 5.2):

Table 2.2.2-1 Spectrum Skin-feel Terminology
16,37

TERMS USED TO DESCRIBE SKINFEEL OF LOTIONS AND CREAMS

1. Appearance

In a Petri dish, dispense the product in a spiral shape using a nickel size circle inscribed on the

dish, filling it from the edge to centre. Evaluate:

Integrity of shape (this attribute reflects thickness/viscosity)

Degree to which product holds its shape.

[Flattens 	 Retains shape]

Integrity of shape (after 10 sec) 

Degree to which product holds its shape.

[Flattens 	 Retains shape]

Turn on light; hold dish 1 foot from light source; tilt Petri dish to catch reflection and evaluate:

Gloss	 The amount or degree of reflected light reflected from product.

[Dull/flat 	 Shiny/glossy]

2. Pick Up

Using automatic pipette, deliver 0.1 cc of product to tip of thumb or index finger. Compress

product slowly between finger and thumb one time. Evaluate:

Firmness	 Force required to fully compress product between thumb and

forefinger.

[No force 	 High force]

Separate fingers and evaluate:

Stickiness	 Force required to separate fingers.

[Not sticky 	 Very sticky]

Compress and separate product between the index finger and thumb 3 times and evaluate:

Cohesiveness	 Amount sample deforms or strings rather than breaks

(Stringiness)	 when fingers are separated.

[No strings 	 High strings]

Amount of peaking	 Degree to which product forms peaks when fingers are separated.

[No peaks/flat 	  High stiff peaks]
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3. Rub Out

Use a skin scribe to make a 2" circle on inner surface of forearm. Using automatic pipette,

deliver 0.05 cc of product to centre of circle. Spread the measured amount of product within the

circle using index or middle finger; use a gentle circular motion- stroke at a rate of two strokes per

second (metronome set to mark time).

After 3 rubs, evaluate:

Wetness	 Amount of water perceived while rubbing.

[None 	 High Amount]

Spreadability	 Ease of moving product over the skin.

[Difficult/Drag 	 Easy/Slip]

After 12 rubs, evaluate:

Thickness	 Amount of product perceived between finger and skin.

[No Amount/Thin 	 High Amount/Thick]

Continue rubbing and evaluate:

Absorbency	 The number of rubs at which the product loses wet, moist feel and a

resistance to continued rubbing is perceived.

[No rubs 	 120 rubs]

4. Afterfeel (Residual Appearance and Tactile Feel)

Turn on light source; hold arm one foot from light source; turn arm to catch light. Visually

analyse forearm and evaluate:

Gloss	 Amount or degree of light reflected off skin.

[Dull 	 Shiny]

Use half of circle for immediate afterfeel - tap cleansed finger lightly over application site and

evaluate:

Sticky	 Degree to which fingers adhere to residual product.

[Not sticky 	 Very sticky]

Stroke cleansed fingers (1-2 strokes) lightly across skin and evaluate:

Slipperiness	 Ease of moving fingers across skin.

[Difficult/drag 	 Easy/slip]

Amount of residue	 Amount of product on skin.

[None 	 Large amount]

Type of residue	 Oily, waxy, greasy, powdery, chalky.

Repeat residual appearance and residual tactile feel evaluation after 20 minutes using other half

of circle.
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Table

	

	 '2.2.2-2 Spectrum Skin-feel Intensity Scales1637

INTENSITY SCALE VALUES (0 TO 10) FOR SKINFEEL TEXTURE ATTRIBUTES

1. Integrity of Shape (Immediate)
Scale Value	 Product

	0.7	 Baby Oil

	

4.0	 Therapeutic Kerni Lotion

	

6.0	 Vaseline Intensive Care

	

9.2	 Lanacane

Manufacturer
Johnson & Johnson
Westwood Parmaceut.
Chesebrough-Ponds
Combe Inc.

2. Integrity of Shape (After 10 sec)
Scale Value

0.3
3.0
5.6
9.2

Manufacturer
Johnson & Johnson
Westwood Parmaceut.
Chesebrough-Ponds
Combe Inc.

Product
Baby Oil
Therapeutic Kerni Lotion
Vaseline Intensive Care
Lanacane

3. Gloss

Scale Value
0.5
3.6
6.1
7.2
9.8

Manufacturer
Gillette Co.
Richardson Vicks
Sea Breeze Div. of Clairol
Chesebrough-Ponds
Johnson & Johnson

Product
Gillette Foamy Reg. Shave Cream
Fixodent
Whipped Sea Breeze Facial Cleanser
Vaseline Intensive Care
Baby Oil

4. Firmness
Scale Value

0
1.3
2.7
4.4
8.4
9.8

Manufacturer
Johnson & Johnson
Olay Company, Inc.
Chesebrough-Ponds
The Kendall Companies
generic
Amerchol

Product
Baby Oil
Oil of Olay
Vaseline Intensive Care
Dermassage
Petrolatum
Lanolin Wax

5. Stickiness
Scale Value

0.1
1.2
2.6
4.3
8.4
9.9

Manufacturer
Johnson & Johnson
Olay Company, Inc.
Chesebrough-Ponds
Jergens Skin Care Labs.
generic
Amerchol

Product
Baby Oil
Oil of Olay
Vaseline Intensive Care
Jergens Aloe & Lanolin
Petrolatum
Lanolin Wax

6. Cohesiveness
Scale Value

0.2
1.5
5.0
7.9
9.2

Product
Noxema Skin Care
Raintree
Jergens
Zinc Oxide
Petrolatum

Manufacturer
Noxell
Noxell
Jergens Skin Care Labs.
generic
generic

7. Peaking
Scale Value

0
2.2
4.6
7.7
9.6

Product
Baby Oil
Vaseline Intensive Care
Cure!
Zinc Oxide
Petrolatum

Manufacturer
Johnson & Johnson
Chesebrough-Ponds
S.C.Johnson & Son
generic
generic

8. Wetness
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Manufacturer
Chesebrough-Ponds

Johnson & Johnson

Scale Value
0
2.2
3.5
6.7
8.8
9.9

9. Spreadability
Scale Value

0.2
2.9
6.9
9.7

10. Thickness
Scale Value

0.5
3.0
6.5
8.7

Product
Talc
Petrolatum
Baby Oil
Vaseline Intensive Care
Aloe Vera Gel
Water

Product
AAA Lanolin
Petrolatum
Vaseline Intensive Care
Baby Oil

Product
Isopropyl alcohol
Petrolatum
Vaseline Intensive Care
Neutrogena Hand Cream

Manufacturer
Whitaker,Clark&Daniels Inc.

generic
Johnson & Johnson
Chesebrough-Ponds
Nature's Family

Manufacturer
Amerchol
generic
Chesebrough-Ponds
Johnson & Johnson

Manufacturer
generic
generic
Chesebrough-Ponds
Neutrogena

11. Amount of Residue
Scale Value

0
1.3
4.8
8.5

Product
Untreated Skin
Oil of Olay
Therapeutic Kerni Lotion
Petrolatum

Manufacturer
-
Olay Company, Inc.
Westwood Parmaceut.
generic

12. Sticky (Afterfeel)
Scale Value

0
0.9
2.1
5.0
10.0

Product
Baby Oil
Vaseline Intensive Care
Jergens
Petrolatum
AAA Lanolin

Manufacturer
Johnson & Johnson
Chesebrough-Ponds
Jergens Skin Care Labs.
generic
Amerchol

13. Slipperiness (Afterfeel)
Scale Value	 Product

	5.9	 Vaseline Intensive Care

	

8.0	 Untreated Skin

	

9.8	 Baby Oil

O'Mahoney
38

 (1991) concentrated on the issue of concept alignment in

descriptive analysis. He suggested that, for a panel of judges to be used as an

analytical tool for descriptive analysis, the judges would need to agree on which

sensations should, and which should not, be included within a given concept.

Before descriptive analysis, judges should have their concepts aligned with

common descriptive labels.

Elejalde and Kokini 39 (1992) used regression analysis to identify the key textural

attributes of viscoelastic syrups. The best average coefficient of determination
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(R2) for sensory evaluation in the mouth was viscous, smooth and slippery. The

triplet watery, even and drippy gave the best R2 for pouring, and the triplet

viscous, even and smooth gave the best R2 for spreading. The results suggested

that there were significantly different texture perception cues in the three different

evaluation procedures.

Chambers and Smith" (1993) looked at the effects of testing experience on the

performance of trained sensory panellists. The study indicated that inexperienced

panellists having the same intensive descriptive training as their experienced

counterparts could be used on the same panels as experienced testers with little

effect on the data. It was hypothesised that for increased reproducibility in

panellists, thorough training was more important than experience.

Hough et a/. 41 (1994) described a method for constructing reference scales for

the sensory texture profile method in countries outside the U.S.A., such as

Argentina. A complete set of reference scales was constructed for Argentine

foods. Scores given by the panel, trained using these scales, were found to be

similar in direction and magnitude to those given by a U.S. trained panel.

Close
42

 (1994) discussed the concept of sensory quality and pointed out that it

was critical to apply sensory analysis to product quality. With the concept of total

quality management in the forefront, the author suggests that it was essential that

product sensory quality was monitored to fall within acceptable ranges based on

consumer perceptions of product quality. Sensory analysis has been used

successfully in the cosmetics and personal care products industry in new product

development, stability, claims support, and competitive surveillance. Close

suggested that consumers were, in fact, buying sensory quality and consistency.

As mentioned earlier in this chapter, the ASTM has developed its own terminology

and protocols for sensory evaluation of personal care products 43 . The terms used

for the descriptive skin-feel analysis of creams and lotions are listed below (Table

2.2.2-3).
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Table 2.2.2-3 ASTM terms used for the descriptive skin-feel analysis of creams

and lotions
43

PRODUCT DELIVERY
Appearance Evaluation

Immediate	 Ease of dispensing
Amount of spread
Integrity of shape (thickness)

After 10 seconds	 Integrity of shape (thickness)
Amount of spread
Smoothness (appearance of the surface)

Tilt Petri dish	 Gloss

PICK-UP EVALUATION
Amount of peaking
Firmness
Stickiness
Stringiness
Denseness

RUB-OUT EVALUATION
After 3 rubs Thermal melting

Spreadability
Wetness
Thickness
Denseness
Thermal cooling

After 6, 9, 12	 Thermal melting
and 15 rubs	 Spreadability

Whitening

If applicable - Chemical warm
Thermal cool
Chemical cool

Record number of rubs 	 Absorbency

AFTERFEEL CHARACTERISTICS
Appearance - gloss
Slipperiness
Film - residue
Moisture
Sticky/adhesive (tacky)

Chemical Cool
Warm
Burn
Tingle

TautnessKinaesthetic
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Table 2.2.2-4 Terms Used for the Sensory Evaluation of Skin Care Products

(from Applied Consumer & Clinical Evaluations")

Appearance
	

Smoothness
Gloss
Pearlescence

Peaking
Firmness
Denseness
Adhesiveness
Cohesiveness
Geometric Particles

Thermal Melting
Spreadability
Wetness
Thickness
Denseness
Geometric Particles
Whitening
Other Visual Residue
Absorbency
Perceived Sensations

Appearance - Gloss
Geometric Particles
Tactile - Slipperiness
Film - Residue
Smoothness
Moistness
Sticky/Adhesive
Chemical Sensations	 - Cool

- Warm
- Astringent

Kinaesthetic Sensations 	 - Tautness
- Tingle
- Burn

Pick-Up

Rub Out

Afterfeel

Another set of relevant terminology used to assess skin care products are

supplied by Applied Consumer & Clinical Evaluations44(1996):

Further relevant sensory studies are discussed together with their rheological

implications in the psycho-rheology section 2.3.

2.3 PSYCHO-RHEOLOGY

Scott-Blair pointed out in a review of General and Applied Rheology
4

, that the first

experiences with psycho-rheology began in 1923. Sullivan's (1923) work"

involved blindfolded subjects dipping a finger into various liquids at various

temperatures in order to study "perceptions of liquidity, semi-liquidity and solidity".
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Changing the temperature of the water resulted in perceptions "spanning the

whole series of liquid - semi-liquid - solid integrations" as shown:

0°C Mushy (partially melted snow)

10°C Muddy (mercury)

15°C Gelatinous (gelatine)

25°C Wet (water)

38°C Oily (oil)

42°C Greasy (melted butter)

The results indicated the complex nature of rheological perceptions when the use

of sight was excluded.

Scott Blair went on to highlight
4,46

 the first psycho-rheological study of texture in

the work place by Katz47 (1937) with "Studies on Test Baking". Katz established

that when handling dough, a baker may distinguish elasticity, toughness and

ductility from a total impression of the dough. However, these physical attributes

did not correspond to the properties of viscosity, elasticity, etc., but were the

result of a complicated co-operation of different skin senses, muscles, sinews, etc.

Soon afterwards, Scott-Blair and Coppen" (1939) decided that the first questions

to be answered were "what were the smallest differences (thresholds) in the

viscosity of true fluids and the elasticity of solids, which could be detected with

known certainty, and how far were these thresholds dependent on training, age,

sex, education, mental attitude, etc.?"

Scott Blair and Coppen used semi-solid cylinders made from Californian bitumen

diluted with Golden Flux oil with viscosities of the order of 106 poise. The subjects

were given pairs of such samples differing in viscosity, and instructed to report

which was softer by squeezing. The results show that, for a 10% difference in

viscosity, only 50% of judgements were correct, whereas for a 30% viscosity

difference, 80% of judgements were correct.

Scott Blair, Coppen and Dearden" (1941) went on to investigate cheese texture.

They did extensive rheological tests on a number of standard cheeses and
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compared the results with judgements of firmness and general quality for the

finished cheeses as given by experts, i.e. cheese makers, and then by bakers.

The results indicated that the factors involved in assessing firmness differed

slightly between groups. Scott Blair suggested that neither group had a better

tactual acuity than the other, nor than you or I.

Harper and Stevens" (1964) compared the assessment of hardness of rubber

like materials with readings from a sphere-hardness tester. His subjects were

blindfolded and asked how many times one sample was harder than another. A

double logarithmic law was found to hold satisfactorily between stimulus and

sensation, except at the upper and lower ends, where the curves became sigmoid.

Stevens and Guirao
51

 (1964) went on to ask subjects to compare viscosities of

silicone fluids. The double logarithmic law again held.

Sherman
52

 (1970), in "Industrial Rheology - with particular reference to foods,

pharmaceuticals and cosmetics", discussed the correlation of rheological and

sensory assessments of consistency. The author pointed out that little was known

about the magnitude of the shear conditions involved in e.g., chewing a food in

the mouth or smearing a cream on the skin. More detailed knowledge of practical

usage shear conditions was deemed essential in order to utilise rheological data

to predict the consumer's ability to differentiate between samples. Sherman

summarised the findings of Henderson et aL
53 

(1961) who calculated the shear

rate involved during the spreading of ointment on the skin. Henderson estimated

the rate of shear as 120 s -1 . Lange and Langenbucher54 (1966) calculated rates

of shear for layer thicknesses of 1 cm, 0.1 cm, and 0.01 cm respectively as 102,

103 and 104 s-1 . Sherman finally pointed out that, authors reporting correlations

between objective and sensory texture measurements should show scatter

diagrams from which the range of values covered and the number of samples

tested could easily be seen.

Mitsui et al.
55

 (1971) also estimated the rate of shear encountered in the topical

application of cosmetics using an ultraviolet ray absorption agent contained in the
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cream. The shear rate was calculated from the velocity (v) of application and the

spread thickness (h) by:

v
Shear Rate 'i, = —h

For topical applications, the maximum shear rates were 10 3 and 105 s -1 , differing

from one cream to another.

The shear rate operative in spreading topical preparations on the skin was

similarly estimated by Barry and Meyer 56 (1973). Rates of shear varied from

350 s-1 to 104 s -1 . Twenty-four untrained panellists were also asked to judge

viscosity, spreadability and acceptability. These results, together with master

curves of shear stress against shear rate, were suggested for use in design

quality control procedures. Master curves, (also known as universal curves), were

generated from a sensory panel who were asked to identify pairs of samples

which seemed the same.

Morosawa et aL
57 

(1974) used trained sensory panels to determine the

differential thresholds of "firmness" and "viscousness" for creams, and compared

the results with instrumentally measured hardness and viscosity. A 10%

difference in hardness and viscousness between samples was noticeable at an

80% level of correct judgements. This was compared to Scott-Blair and Coppen's

(1939) results
48

 which required a 30% viscosity difference for 80% correct

judgements.

Cussler and De Martine58 (1975) suggested that subjective spreadability,

viscosity and stickiness perceived with the fingers may be predicted from fluid

mechanics. Spreadability and viscosity were assumed to be perceived as shear

stress, and stickiness was perceived as time. An untrained panel of between 15

and 24 members was used. Correlation coefficients of these predictions were 0.95

for spreadability and viscosity and 0.90 for stickiness.

Cussler et a!.
59 

(1977) looked at the texture of liquids perceived with the fingers.

Assessments of 10 attributes, (thick, thin, spreadable, soft, hard, smooth, creamy,

dry, warm and cool), were obtained for 14 liquids, of widely varying rheological

properties, by 20-25 untrained panellists. • Using a vocabulary redundancy
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reduction method, it was found that the attributes could be accurately predicted

from the assessments of just three, i.e., smoothness, thinness and warmth.

Measurements of friction and viscosity were also performed on the liquids.

Smoothness was found to be closely related to the forces of contact lubrication,

and could be predicted from measurements of coefficients of friction. Thinness

was found to be closely related to viscous forces, consistent with other predictions

of assessments of thickness and spreadability.

Kokini, with Cussler and Kadane
60

 (1977) performed a similar vocabulary

reduction procedure for liquid texture perceived in the mouth. Three attributes -

thickness, smoothness and slipperiness, were capable of predicting the remaining

seven. Thickness was found to be proportional to viscous force between the

tongue and the roof of the mouth. Smoothness seemed to be inversely

proportional to the frictional force caused by the contact between the tongue and

the mouth. Slipperiness was shown to be inversely proportional to a known

average of viscous and frictional forces.

Cussler
61

(1978) went on to do more extensive work on predicting skin-feel. He

suggested which probable physical properties could be related to sensory words,

as shown:

Probable Physical
Property

Key Word Secondary Words

Vision Evenness of colour Blemished, hairy, flaky, dry,

chapped, raw, cracked, flushed,

rough

Viscosity Thin Viscous, spreadable, wet,

equal consistency, creamy, thick,

oily, rich, slippery

Coefficient of
Friction

Smooth Rough, tacky, velvety, rich, dry,

waxy, tense, soft, draggy

Skin Temperature Warm Cool, hot, cold, dry, sweaty

Cussler, like Barry and Meyer
56

 (1973), suggested the use of universal curves for

quality control and duplicating skin-feel using new formulations. Cussler also
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showed the use of sensory maps to illustrate the interdependence of cosmetic

attributes.

Sherman
62

 (1982) reviewed recent work on the dependence of sensory

evaluation and textural characteristics on the rheological properties of

hydrocolloid solutions and gels (foods). Sensory viscosity, sliminess and

creaminess were evaluated from shear stress/shear rate measurements. Other

methods (plunger/plate detachment techniques) were available for evaluating

adhesiveness/stickiness. Using rheological methods to evaluate the textural

properties of gels did not prove as successful.

Wolfram
63 

(1983) reviewed the available information on friction of skin. The

author remarked that the consumer evaluation of skin products involved tactile

perceptions, which dealt with the complex problems of skin texture, its suppleness

and smoothness, roughness, greasiness and dryness. The relative movement of a

finger gliding over the skin is resisted by friction. This was objectively evaluated

using a number of techniques which had evolved for measuring friction of the skin,

the resulting data was then related to consumer perceptible attributes.

Pokorny et al.
64 

(1984) compared sensory analysis with rotational rheometry in

the texture evaluation of margarines in the temperature range 5°C to 25°C.

Sensory attributes - hardness on cutting with a knife, hardness by spreading on a

slice of bread and spreadability on a slice of bread - were determined by a panel

of 405 slightly trained panellists. The sensory characteristics were linearly

correlated to one another, whilst correlations between sensory and theological

properties were semi-logarithmic. Regression constants were different for normal

and soft margarines, and it was decided that sensory analysis could not be

replaced satisfactorily by rheometry.

Cussler
65

 (1985), in a brief review of sensory perception and its psycho-physical

evaluation, pointed out that viscosity, thickness and smoothness could be

predicted from instrumental measurements. Sensory viscosity was proportional to

the square root of the measured viscosity, and assessed smoothness was

inversely proportional to (coefficient of friction x velocity). Creaminess could be

correlated to thickness and smoothness.
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Breuer
66

 (1985) reviewed the current state of "Rheology of Cosmetic Emulsions

and it's Effect on Consumer Perceptions". He also discussed the stages in

psycho-physical investigations:

(1) The determination of the attribute vocabulary of a sensation.

(2) The measurement of the relevant perceptual and physical quantities.

(3) The formulation of a psycho-physical model that was capable of accounting

for the observed perceptual measurements in terms of physical properties of the

system under consideration.

Morangais and Vanlerberghe" (1986) measured the viscoelastic properties of

several cosmetic creams, which they compared with sensory assessments from

an untrained panel. Creep and continuous shear measurements were carried out.

The results indicated that spreadability could be predicted using a Fechner" or

Steven's
61

 law. No simple relationships were found for oiliness or stickiness.

Sherman
68

 (1988) returned to reviewing the sensory-rheological interface for

foods. The author reminded readers that, before adopting an instrumental method

for predicting sensory evaluation of textural properties, it was necessary to

establish how the sensory evaluation was made and the criteria upon which it was

based. The instrumental measurements should, as closely as possible, mimic the

method of subjective evaluation.

Recently (1988-1990) there have been several studies in Japan linking sensory

evaluation to physical measurements. Watanabe et al. 69 (1988) investigated gel

texture by rheological measurement and sensory evaluation. Some attributes

were correlated satisfactorily, however, different attributes fitted better with

different foods.

Morita et a!. 70
 
(1990) investigated the relationship between sensory assessments

and the rheological properties of cosmetic emulsions. They used cluster analysis

to divide sensory assessments into groups which corresponded to the measured

flow characteristics of each emulsion. lida et al.
71 

(1990) were performing similar
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experiments on cosmetic emulsions. Some sensory properties, such as stickiness,

were estimated from "tensipresser" measurements.

The frictional response of the skin following a single application of 5 moisturising

creams was investigated by Loden et al. 72 (1992). They compared these results

with sensory evaluation. Results indicated that frictional resistance depended on

the viscosity of the product.

Goodwin, Hughes and Lewis" (1992), in an investigation of psycho-rheology,

measured the rheological properties of sets of poly(vinyl alcohol) gels. Paired

comparison tests were carried out by a hundred psychology students, who were

asked to judge which gel was richer and which was tackier. The sensory results

were compared with the complex modulus at 1 Hz. Increasing the PVA

concentration resulted in an increasing complex modulus and a reduction in

richness. A plot of complex modulus against "psychological distance" showed that

tackiness was inversely related to richness, and that samples at complex modulus

limits had greater psychological differences.

Apostolopoulos and Brennan 74 (1994) investigated the interrelationships between

sensory and mechanical characteristics of canned peaches. The 37 sensory

characteristics of commercially canned peaches were measured using

Quantitative Descriptive Analysis. Extrusion, shear and compression tests were

also performed. Principal Component Analysis was employed to study the inter-

and intra- relationships of the sensory and mechanical characteristics of the

canned peaches. Results indicated that the first principal component

corresponded to viscoelasticity and the second to pleasantness (76% of the

variation was explained). Mechanical parameters were considered to be good

predictors of the whole range of the textural characteristics of the fruits.

Hill, Mitchell and Sherman 75 (1994) performed dynamic rheological and sensory

measurements on 25 formulations of lemon pie filling. Stepwise multiple

regression was used to fit a second degree equation involving the constituent

ingredient ratio levels to the sensory and rheological data. Results indicated that

perceived thickness could be accurately predicted from complex viscosity

measurements. The relationship between viscosity and taste/flavour depended on
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both the structure of the solution, and the concentration and nature of the small

molecule.

Rounds
76

 (1995) looked at how the rheological properties of bath gels affected

consumer perceptions, i.e. their consistency and appearance. Steady shear and

dynamic mechanical measurements were performed. The bath gels studied were

rheologically classified into two groups: structured gels (elastic) and unstructured

- viscous fluids. Structured gels were perceived as very rich and thick when

dispensed. Gel structure was discussed and the importance of supporting

secondary/tertiary phases and stable dispersions was discussed.

Noel et a!. 77
 
(1996) investigated the statistical relationships between rheological

and sensory variates for the texture of Parmigiano Reggiano cheese. Four

rheological parameters were used to describe the differences between the

cheeses: elastic modulus, stress and strain at fracture, and work to fracture. The

effect of age was found to affect the elastic modulus and the strain at fracture.

Partial least squares regression was used to predict sensory variates from

rheological variates. Elasticity, deformability, humidity, grainy, crystals and

firmness were satisfactorily predicted by the four rheological variates. Brittleness

was poorly predicted.

Hough et a/. 78 (1996) similarly investigated partial least squares correlations

between sensory and instrumental measurements of flavour and texture for

Reggianito grating cheese. Visual, manual and oral texture descriptors were

correlated with parameters obtained from an instrumental compression test. Strain

at breaking point correlated best with visual, manual, oral fracturability and

manual elasticity.

32



3. THEORETICAL BACKGROUND

3.1 RHEOLOGY

3.1.1 Basics79'80

Rheology is the study of the deformation and flow of materials. The most basic

rheological behaviour is exhibited on the one hand by Hookean elastic solids, and

on the other by Newtonian viscous liquids. However, most materials, such as

colloidal systems and gels, exhibit intermediate mechanical behaviour between

these two extremes; these materials are termed viscoelastic and exhibit both

elastic and viscous characteristics.

A stress (0) (force per unit area) can be applied to a material in a number of ways,

for example as a compression, as a tension or as a shearing force.

If a constant (pushing) force, F, is applied to the upper face of a cube, assuming

that the base of the cube is fixed, it will deform to a new position, see Figure

3.1.1-1.

Ax4	

Figure 3.1.1-1 Shear Deformation

F
The applied stress is defined as: a = —A , where A is the upper surface area, and

F is the applied force. This applied shearing stress will cause a deformation (or

strain (7), which is defined as:7 = a ,....,, tana = —
6,x 

(for small a)
Y
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When the force is removed, the material may either return to its original shape

(elastic recovery), remain in the new position (flow has occurred), or some partial

recovery occurs. These material behaviour patterns are characteristic of solids,

liquids and viscoelastic materials respectively. The apparent behaviours can be

classified in terms of the time scale of the experiment (to), and the characteristic

material stress relaxation time (t), leading to the Deborah number, which is

defined as De = T i to .

De >> 1 indicates solid-like behaviour, D e << 1 liquid-like, and D e :::, 1 viscoelastic

behaviour.

Hooke's law states that the shear stress is proportional to the shear strain:

a = Gy , where G is a constant, known as the shear modulus. For ideal solids,

provided the stress remains below some upper limit, the material will recover its

original shape completely when the stress is removed.

For ideal fluids, the applied shearing stress is directly proportional to time rate of

strain. This behaviour is termed - Newtonian. When a force is applied to the

material, it will deform as before, but in this case the deformation will continually

increase at a constant rate. See Figure 3.1.1-2.

Figure 3.1.1-2 Shear Strain Rate

The rate of change of strain is termed the shear strain rate or shear rate (y). The

d
Newton dot (*) signifies the derivative with respect to time (i.e.

. du u
Shear rate y = —

dy 
7,., —

y
 (for small y), where u is constant velocity.

Shear rate depends on shear stress by: a = ri 'i, , where ri is the viscosity.

If the viscosity is independent of shear stress then the fluid is Newtonian.
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3.1.2 Viscosity measurements

Rotational methods, such as concentric cylinders or cone and plate, are

commonly used to measure the viscosity of materials. Both methods give an

approximately constant shear and can be used with viscometers which control the

strain rate or the stress. In the first technique a thin film of liquid is sheared

between the concentric cylinders. Either the outer or the inner cylinder is rotated

at a constant rate, and the shear stress is measured in terms of deflection of the

k0
other cylinder. The viscosity of the liquid may hence be calculated from: 11.—

u
,

where u is the angular velocity of the rotating cylinder, 0 is the angular deflection

of the other cylinder, and k is an apparatus constant. Cone and plate instruments

operate on the same principal, but are often used to measure higher viscosity

materials.

Flow characterisation may be performed either stepped or ramped:

Stepped shear techniques involve applying individually selected shear values to

the sample for a set time. Shear rate, shear stress and viscosity are recorded for

each value. These points are then taken together to form the flow and viscosity

curves. Ramped shear techniques are used to perform rapid "loop" tests of

viscosity, process simulation test and flow yield point tests.

3.1.3 Flow curves

A graphical representation of the shear stress versus the shear rate is called a

flow curve. Typical flow behaviour patterns are shown in Figure 3.1.3-1.

Shear-thinning (pseudoplastic) behaviour is characterised by a gradual (time-

independent) decrease in the viscosity as the shear rate increases. The break

down of colloidal aggregates leads to a decrease in the amount of solvent

immobilised by the particles, and thus a decrease in the apparent viscosity of the

system. Alignment of asymmetric particles caused by increasing the shear rate

also leads to a decreasing apparent viscosity.
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Figure 3.1.3-1 Typical Flow Curves

Shear-thickening behaviour is characterised by an increasing apparent viscosity

with increasing shear rate. Dilatancy is common in concentrated dispersions, the

shearing process tends to push particles together which constrict the flow

channels of the fluid, thus increasing the apparent viscosity. Cross-linked or

associating polymers may also show shear-thickening behaviour due to

increasing formation of networks as the shear rate is increased.

Plasticity is similar to shear-thinning behaviour. For an ideal plastic material, the

apparent viscosity rises infinitely as the shear rate is increased up to a critical

stress - termed the Bingham yield value. This behaviour occurs due to a

continuous network structure in the sample which must be broken down before

flow can occur. Once flow occurs, the viscosity appears Newtonian - it is called
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the plastic viscosity. Examples of such behaviour are exhibited by modelling clay

and drilling muds.

Non-ideal plastic behaviour is more common and is observed in coagulated

colloidal dispersions in which every collision between two particles results in the

formation of a link. Plastic materials have a structure which has sufficient strength

to prevent flow up to a critical stress value called the static or true yield value.

Breakdown may then either occur suddenly to produce flow units which are not

subsequently affected by the shear regime, (ideal Bingham plastic behaviour), or

the breakdown is progressive and the flow units become smaller or more compact.

Non-linear behaviour is observed at low shear rates until breakdown of the flow

units is complete. At higher shear rates, Bingham plastic flow behaviour

dominates.

3.1.4 Time-dependent behaviour

When a sample is sheared at a constant rate, the apparent viscosity may

decrease with time - this is termed thixotropy. If the sheared system is then

allowed to stand, it will eventually regain its original structure (and viscosity).

Examples of such behaviour are seen in the paint industry and with many high

molecular weight polymers - where shearing at a constant rate may overcome the

intermolecular attractions and entanglements, as well as reducing the extent of

solvent immobilisation. When left to stand, Brownian motion restores the system

to its original condition.

Rheopexy usually occurs when a system is gently sheared at a constant rate,

resulting in the formation of extensive structures which resist the shearing action.

Rheopeq is sometimes observed as the acceleration of thixotropic recovery, for

example, bentonite clay suspensions set slowly on standing but noticeably faster

upon slight stirring.

3.1.5 Irreversible effects

Shearing may lead to the rheodestruction (irreversible breakdown) of the

structural links of a material, for example - with dehydrated silica gel networks.

Shearing may also lead to strain-hardening which occurs as a result of

mechanical entanglements or the jamming of the structural elements in a material.

For example, when a metal rod is subjected to a tensile stress it may toughen.
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The phenomenon of spinability, i.e. drawing a material into a thread, is an

important rheological property related to strain-hardening.

3.1.6 The Weissenberg effect

When a viscoelastic material is subjected to a shearing force there is a tendency

for flow to occur at right angles to the applied shearing force. In extreme

circumstances the material may climb up the rod/measuring assembly as shown in

Figure 3.1.6-1.

Figure 3.1.6-1 The
Weissenberg effect on
a viscoelastic material

The elastic nature of the material causes the liquid to be squeezed towards the

centre of the vessel (under circular shear) and, therefore, up the rod.

Conversely - Newtonian liquids tend to move outwards under circular shear, and

cause a depression around the rod.

3.1.7 Models for flow behaviour

The various types of flow behaviour, which are shown in Figure 3.1.3-1, can be

explained using simple flow models. These models are well suited for studying

most materials over a narrow shear rate range. Some common flow models are

listed here:
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Newtonian - shear stress = shear rate x viscosity

The viscosity of these materials is constant and independent of shear rate. Water,

oils and dilute polymer solutions are examples of Newtonian fluids.

Power law / Ostwald model - shear stress = viscosity x (shear rater

If n (the power law index) is positive, the material is shear thinning, if n is negative

the material is shear thickening. Examples of such behaviour (over limited shear

rate ranges) are: polymer solutions, melts and some solvent based coatings.

Bingham - shear stress = Bingham yield stress + (viscosity x shear rate)

Bingham behaviour is explained in Section 3.1.3.

Herschel Bulkley - shear stress = limiting stress + viscosity x (shear rate)"

This model incorporates the elements of the above three models.

The following models have been developed to deal with more complex flow

behaviours, and have been designed to give a more realistic prediction over a

wider shear rate range:

Ellis - shear rate = K 1 x shear stress + K2 X (shear stress)"

Where K 1 and K2 are sample constants and n is a material index. This model

describes materials with Newtonian behaviour at low shear rates and power law

behaviour at higher shear rates. It is used for describing polymeric systems, as it

generally gives a better representation than the power law.

Casson - (shear stress)" = (yield stress)" + K x (shear rate)"

This model is often used for suspensions which exhibit Newtonian behaviour at

stresses much higher than the yield stress.

Moore - viscosity =	 + (flo- i.) / (1 + a x shear rate)

Where 1., To and a are constants. This model is capable of predicting flow

properties over a wide range of shear rates since it incorporates terms for limiting

low- and high-shear regions.

Cross - viscosity =	 + (11 0 - ri co) 1(1 + a x (shear rate))
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Where ii., Tio, a and n are constants. ri co is the high shear limiting viscosity, Tio is

the low shear limiting viscosity, a is a material parameter, and n (the power index)

usually ranges from % for polydisperse systems to 1 for monodisperse systems.

This model is an extension to the Moore model and is often capable of accurately

predicting the shear thinning behaviour of disperse systems and gels.

Sisko - viscosity = high shear viscosity + K x (1 / shear rate)m

This model may be used for predicting the viscosity of materials which exhibit a

limiting viscosity at high shear rate.

3.1.8 Temperature Dependence

The viscosity of a material usually decreases with increasing temperature,

(provided no heat-induced physical or chemical changes occur). Newtonian fluids

follow the Arrhenius relationship fairly well:

viscosity = C x exp( —	 EA)
RT

Where C is a constant, EA is the activation energy, R is the molar gas constant

(8.31451 J ma l K-1 ) and T is the absolute temperature.

3.1.9 Models for Viscoelastic Behaviour & Creep Compliance

Very slow deformations, usually measured under a low constant applied stress,

are known as creep. Compliance, J, is the strain resulting from unit stress (the

reciprocal of the shear modulus, G, mentioned earlier - Hooke's law). Mechanical

models can be used to simulate material behaviour: a spring is used to represent

an elastic solid, and a hydraulic damper filled with a Newtonian oil (a dashpot)

represents a viscous fluid. For a linear viscoelastic material, the elastic modulus is

written G(00) and the viscosity coefficient is i(0). The GO and 0 indicate the limiting

high and low Deborah numbers for elastic solids and viscous fluids respectively.

More complex mechanical models can be constructed by combinations of the

spring and dashpot components. These models are useful in setting up the

constitutive equations which can describe the stress/strain/time relationships of

materials. Figure 3.1.9-1 shows the time-dependent shear compliance behaviour

of a typical liquid, solid (crystalline or glass-like), and viscoelastic material under a

constant stress.
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Figure 3.1.9-1 Shear Compliance, J(t),

Under Constant Stress

The basic models with their constitutive equations and creep compliance are

listed here:

Model 

Spring

Dashpot

Kelvin

Maxwell

Constitutive Equation

a = G(0o) y

a = MO)

a = G(oo) y + MO) ).,

1., = Cy /G(cD) +

Creep Compliance 

J(t) = 1/G(00)

J(t) = thi(0)

J(t) = [1 - exp(-t/T)] / G(0o)

J(t) = 1 /G(oD) + thi(0)

Where T = i(0) / G(cD). This ratio is known as the retardation time in the Kelvin

model, and the relaxation time in the Maxwell model.

More general models can be constructed from combinations of the Kelvin and

Maxwell models, which can represent a whole spectrum of retardation or

relaxation behaviour.

3.1.10 Stress Relaxation

If a sudden strain, y, is rapidly imposed on a material, up to, and held at, a

constant level, the resulting shearing stress can be monitored as a function of

time. For a pure Newtonian material, the stress decay will be instantaneous,

whereas for a pure Hookean material there is no decay. The simplest type of

viscoelastic response is an exponential decay (based on the Maxwell model). The
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relaxation modulus, G(t), at a time, t, may be calculated from the measured stress

divided by the applied constant strain.

For a single Maxwell body, the relaxation modulus is related to the relaxation time,

T = 1(0) / G(co), of the material by: G(t) = G(00) exp[-t/T] . See Figure 3.1.10-1.

H Strain Rise Time
G (co)

G(t)

G(ci)

e

	-I
t

Figure 3.1.10-1 Stress Relaxation

Time

For materials with a range of relaxation times, a sum of exponentials is required.

The G(co) value is replaced by the relaxation spectrum, H(In t).

G(t) = EH(In T) exp(— t/T) d(In T)

The relaxation spectrum enables the other viscoelastic functions to be calculated

and can provide an important characterisation of the material. H(In T) =

where P is the probability.

3.1.11 Forced Oscillation Experiments

Forced oscillation experiments can be used to measure the viscoelastic properties

of a material. A sinusoidally varying strain is applied to a sample and the induced

stress is measured. If the material is an elastic solid, the stress produced by a

deformation will be at a maximum when the strain is at a maximum, therefore the

sinusoidally varying stress will be in phase with the applied strain. On the other

hand, if a viscous liquid is subjected to a sinusoidally varying strain, the stress will

be at a maximum when the rate of strain is at a maximum, and therefore the

stress response is 90 0 out of phase with the strain. When a viscoelastic material

is subjected to this type of strain profile, intermediate behaviour is observed, with

a phase lag, 8, between 0 —> 90°. See Figure 3.1.11-1.
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Figure 3.1.11-1 Forced Oscillation Experiment

The ratio of stress to strain is known as the complex modulus, G*. This term

consists of an elastic or storage modulus, G' (the in-phase component), and the

viscous or loss modulus, G" (the 90 0 out-of-phase component). This relationship

is usually written in complex number notation as: G * = G' + iG" or:

G' = G* cos 8	 G" = G* sin 5

The strain and stress at a time, t, can be more easily used in calculations if written

in the exponential form:

Strain y = y 0 exp[icot] , Stress a = o 0 exp[i(cot +8)], where CO is the oscillation

frequency in rad s-1 , and yo and cso are the peak maximum strain and stress, see

Figure 3.1.11-1. The phase lag is related to co and t by: 8 =io At.

By substituting into the Maxwell model, the complex, storage and loss moduli may

be calculated:

iorr 
G*. G(00) 0+ ion)

CO 
2 

T 
2

G(co) 
(1 + 2 t 2)

(Where T = 11(0)! G(00)) .

COT

G"— G(00) (1+ 2T2)
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Figure 3.1.11-2 Forced Oscillation Response

The complex viscosity, Tr, and the dynamic viscosity, 1-C, (the in-phase

component) can be similarly calculated from: ii* = G*ho and ii' = G"ho . Figure

3.1.11-2 shows the relationship between G', G" and ri'. The imaginary part of II*,

0-1" = G'/U)) measures the elastic response and is related to the normal stress

differences which give rise to various viscoelastic flow phenomena such as the

Weissenberg effect.

In order to predict more accurately the complex viscoelastic behaviour, a

combination of simple models can be used. By taking an infinite series of Maxwell

bodies in parallel, integral equations can be written for the moduli and dynamic

viscosity:

G'= EFI(In -0 —	 On -E)
(1+ a)2T2)

G"_ EH(In t) arc	 On t)
(14- COY)

11'= EFI(In t) 	 t 	\ On T)
(1+co2T2)

Where H(In t) again is the relaxation spectrum (as mentioned earlier in the stress

relaxation Section 3.1.10).

For more in depth discussion about any of the above mentioned rheological

topics, the reader is advised to refer to Ferry81 or Gross82
.
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3.2 SENSORY / PHYSICAL BACKGROUND
3.2.1 The Sense of Touch

Touch is one of the cutaneous senses which are sensed through the skin. The

other cutaneous senses include the perception of pressure, temperature, pain and

hair movement.

Figure 3.2.1-1 A cross section of the skin (From Goldstein
83

, 1989)

Figure 3.2.1-1 shows a cross section of the skin, showing the layers of the skin

and some of the receptors. The outer layer, called the epidermis, is several cells

thick and has an external layer of dead cells, called the stratum corneum, which is

constantly shed from the surface and replaced from below by a basal layer of

cells. The inner layer, called the dermis, is composed of a network of collagen and

elastic fibres, blood vessels, nerves, fat lobules, and the bases of hair follicles

and sweat glands
83

'
84

.

The free nerve endings and encapsulated nerve endings, such as the Pacinian

corpuscles, are the receptors responsible for sensing touch. Indentation or

pressure on the skin surface stimulates the mechanoreceptors, which

subsequently send nerve impulses to the brain, where the significance of the
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stimulus involved is assessed. The number of touch receptors is not evenly

distributed throughout the body. The fingers, for example, are particularly

sensitive because they contain a large number of touch receptors. The two kinds

of mechanoreceptors are the rapidly adapting, and the slowly adapting ones. The

rapidly adapting mechanoreceptors only respond to changes in pressure on the

skin and stop responding when constant pressure is applied to the skin. The

slowly adapting mechanoreceptors also respond to indentation on the skin but,

unlike the rapidly adapting mechanoreceptors, continue responding to steady

indentation. Since spreading a sample on the skin is a process with continuously

changing stimulus to the skin surface, all the mechanoreceptors are constantly

being stimulated.

Thermoreceptors respond to specific temperatures and to changes in temperature

on the skin. Nociceptors respond to extreme stimulation, such as intense

pressure, high heat, or burning chemicals that can potentially damage the skin.

The inner forearm and fingers are good sites for sensory evaluation, due to the

constant nature of the inner forearm, the lack of hair, the sensitivity of the inner

forearm surface, and the sensitivity of the fingers.

3.2.2 Psychophysics

Psychophysics is the area of psychology which is primarily concerned with the

quantitative relationships between physical stimuli and the psychological

experience of them
85

. Fechner was the first to formally study psychophysics in the

1860's. The two main areas of his research were: the determination of thresholds

and the establishment of psychophysical scales.

The three types of psychophysical threshold are:

1. The absolute (or detection) threshold - the intensity of a physical stimulus

which is just sufficient to be detected.

2. The differential threshold - the magnitude of the difference in intensity between

two stimuli which is just sufficient for one to detect that the two stimuli are

different. The just noticeable difference is the difference between two stimuli
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which is detected as often as it is undetected. It is a statistical estimate of the

resolving power of a sensory system.

3. The minimum stimulus intensity required to excite a neuron.

Psychophysical scales have a known physical variable to which a psychological

one is related. Fechner's law (1860) 8586 states that the intensity of a subjective

sensation increases as the logarithm of the stimulus intensity, i.e. when the

physical stimulus increases geometrically, the psychological experience increases

arithmetically. In equation form: ti = k log S, where ti is the sensation, S is the

stimulus and k is a constant.

Stevens (1953)
86

 proposed an alternative psychophysical relationship in the form

of his power law: = k S n , where n is the power to which S is raised and is

characteristic of that particular sensory continuum. This law is often used in its log

form: log v= log k + n log S , since the formula describes a straight line in log-log

coordinates, and the exponent n becomes the slope of the line.

3.3 STATISTICAL PROCEDURES

3.3.1 Analysis of Variance (AN OVA)

Three of the possible sources of variation in sensory attribute measurements are:

controlled/fixed effect factors (such as a change in sample formulation), random

errors, and panellist effects (such as inconsistency, systematic errors, biases).

Analysis of Variance (ANOVA) is a statistical technique which can be used to

separate and estimate the different causes of variation. ANOVA makes

simultaneous comparisons between two or more means to yield a series of

F-values which are statistically tested to determine whether a significant

relationship exists between the experimental variables.

The F-values are obtained from the F-test, which is a parametric statistical test

that determines whether the variances of two samples are significantly different.

The ratio of the variances of two samples is kriowrf-ii;the F-ratio. More than two
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conditions can be evaluated from the F-ratio between - a variance estimate based

on the variability among several means, and a variance estimate based on the

variability among the scores within each condition. The resulting F-ratio is then

compared to the critical value at a particular significance level.

For example, if 4 samples are evaluated for one sensory attribute by 8 different

panellists, the degrees of freedom between samples is 3 and within samples is 28.

For a significance level (probability of chance occurrence) of 1%, i.e. p = 0.01, the

critical F-value is 4.57. Therefore, if the observed F-value is greater than or equal

to this critical value, there is a statistically significant difference (at the 1% level)

between the 4 samples. If the F-value is less than the critical value, there is no

statistically significant difference between samples. The notation may be written

as, F(3,28) = 5.6, p < 0.01, which means the F-value is 5.6 and the level of

significance for 3,28 degrees of freedom (between, within samples) is less

than 1%.

3.3.2 Paired t-test

The paired t-test (a parametric statistical test) may be used for identifying whether

there is a statistically significant difference between two conditions on the same

sample. For example, if 4 samples are rated for one sensory attribute on a dry

arm by 8 panellists, and the assessment is subsequently repeated by the same

panellists on a pre-hydrated arm, the paired t-test can identify whether pre-

hydrating the arm causes a statistically significant difference in the sensory

attribute intensity.

The experimental hypothesis may be either directional - one-tailed, or non-

directional - two-tailed. In the above example the experimental hypothesis would

be: "does pre-hydrating the arm cause a difference in the intensity of this

particular sensory attribute?". This is a two-tailed hypothesis, since the direction

of the difference, i.e. an increase or a decrease, is not stipulated.

The t-test uses the means and the distribution of sample scores around the mean

to identify differences between samples. The resulting t-value is used with the

relevant degrees of freedom (dt) and the experimental hypothesis (one- or two-
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tailed) to evaluate the significance level. For the above example, df=7 and for a

two-tailed hypothesis the critical t-value for significance at the 1% level is 3.50.

The observed t-value must equal or exceed this critical value for the result to be

significant at p=0.01.

3.3.3 Correlation Analysis

Correlation analysis is used to measure the linear relationship between two

variables. The correlation coefficient, r, summarises the strength of this

relationship, values lie between +1 and -1. A value of +1 indicates a perfect linear

relationship (i.e. both variables either increase or decrease together), whilst a

value of -1 indicates a perfect inverse linear relationship (i.e. one variable

decreases as the other increases). A value close to zero indicates that no linear

relationship exists between the variables.

Correlation analysis is a simple way of detecting which attributes (sensory or

rheological) are related and which are not related. By studying a matrix of

correlation coefficients for all attributes compared with each other, one can

quickly identify which attributes are most closely correlated, in that they will have

correlation coefficients close to +1 or -1.

Since correlation analysis is only a measure of linear relationships, the individual

scatter plots of each attribute paired with each other attribute should be examined

before deciding if each correlation coefficient is a satisfactory summary of the

relationship. Clustering or non-linear relationships will be obvious in the scatter

plots, but will not be detected using linear correlation analysis.

3.3.4 Principal Components Analysis16

A correlation analysis may lead to groups of several variables that are highly

correlated with each other, but which are not correlated with other variables from

other groups. This suggests that the variables in each group contain related

information, which may be satisfactorily summarised by just a small number of
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latent (unobserved) variables. These latent variables may provide an adequate

summary of the total variability amongst all the variables. The latent variables are

called principal components. Principal components analysis (PCA) is a statistical

technique which extracts the principal components from a large number of

variables to explain the greatest amount of observed variability. It is frequently

possible to account for as much as 90% of the total variability within a data set of

about 25 variables with as few as 2 or 3 principal components.

From a correlation matrix of several variables, principal components analysis

identifies the axis along which the maximum variability in the data occurs. This is

the first principal component. The second principal component is orthogonal (or

uncorrelated) with the first and explains the greatest amount of the remaining

variability. Further principal components are always orthogonal to all the others

and each successive principal component always explains the greatest amount of

remaining variability. The number of principal components cannot exceed the

number of initial variables and, as mentioned before, frequently only 2 or 3

principal components are required to explain most of the total variability. Further

principal components are not used when they would only add trivially to the

explained variability.

The degree to which each of the original variables is explained by each principal

component is called the weight, or loading factor. Loading factors vary from +1 to

-1. Values close to these limits indicate that the variable has a strong influence on

the value of the principal component, a value near zero indicates little or no

influence. Groups of closely correlated variables will tend to aggregate together

and are usually closely associated with a specific principal component. This also

helps in identifying the type of variability that the particular principal component is

summarising.

Additionally, the relative locations of the measured samples can be superimposed

onto the PCA - this is called a biplot. The differences between samples can

easily be seen on this type of plot, as can sample groupings. In the case of

sensory attributes - the biplot may be termed a sensory map. The first two

principal components are plotted with all the sensory attributes and samples

superimposed. It is possible to identify different regions of sensory space that are

50



Correlation Matrix
A 

	

0.99	 B 

	

0.81	 0.71	 C 

	

-0.99	 -0.95	 -0.89 I	 D

covered by certain types of samples, also, regions not covered by any samples

may be identified.

Example: 

Three samples (S1, S2, 53) were assessed by a sensory panel who identified the

intensity of 4 different sensory attributes (A, B, C, D). The mean scores are shown

here:

Sensory Attributes
Sample A B C D

Si 8 8 7 2
S2 6 7 1 5
S3 1 1 0 9

It is clear that attributes A and B are closely related since they both decrease

across samples Si to S2 to S3. Attribute D increases, as A and B decrease. The

correlation matrix shows how the attributes are related:

The matrix is read like a distance chart, e.g. where column A intersects with rows

B, C and D, the respective correlation coefficient is shown. Attribute A is directly

related to attribute B, and inversely related to attribute D, whilst the positive

correlation with attribute C is not as strong as the latter two.

The PCA can be performed and will show that 2 principal components explain

100% of the variability between attributes. The first principal component accounts

for 91.4% of the variation and the second accounts for the remaining 8.6%.

The relative positions of each attribute on each principal component are:

Principal
Components

Attribute PC1 PC2
A 2.04 -0.31
B 2.07 -0.64
C 1.92 1.01
D -2.01 -0.02
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These attributes can be plotted as vectors on the 2-dimensional PCA plot:

Dim 1 and dim 2 are the first and second principal components respectively. The

direction of the vectors indicates how closely the attributes are related. Vectors

very close to each other in direction, such as A and B, are closely directly related

(as expected from the correlation matrix), they are also closely inversely related to

attribute D, which is in approximately the opposite direction. Vectors at right

angles to each other are totally unrelated.

If many variables are being compared, it is clear that the PCA chart gives a much

easier and faster way (than the correlation matrix) of identifying the relationships

between attributes.

The length of the vectors indicates the degree of variation of the sample scores

for that particular attribute. In this case all the attributes are approximately the

same length since they all vary similarly and have a range of 7 from the lowest to

the highest value. If the values only ranged from, say, 5 up to 6, the length of that

vector would be much shorter.
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The samples can now be superimposed onto the PCA chart, to form a biplot:

S2•

The relative attribute intensities for each sample can be established from the

graph by projecting a perpendicular intersect onto each attribute vector (including

the positive and negative extrapolations of that vector). For example, attribute D

points to the left of the page and practically coincides with the x-axis (principal

component 1), if all the samples are projected onto this axis, sample S3 is the

furthest to the left - indicating that it has the highest value (of 9 from the original

matrix) of all the samples for attribute D. Sample S2 is in the middle and is the

next most intense (with a value of 5), finally S1 is the least intense (with a value of

2), on the right hand side of the chart (S1 is the furthest in the negative direction

for attribute D).

When many more samples are incorporated into such a biplot, one can

immediately tell the differences between samples by noticing how they relate to

the sensory attributes. Often, trends and groupings of samples are observed.

Rheological attributes may also be incorporated into a PCA analysis, provided

that the rheological data is scaled to a similar range as the sensory data (i.e. on a

0 to 10 scale), otherwise the rheological attribute (if it ranged from, for example, 0

to 1000) would dominate the chart and result in the suppression of the sensory

attributes.
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3.3.5 Linear Regression16

In this study, the sensory attributes may be viewed as being dependent variables,

which depend on the rheological characteristics, the independent variables. The

independent variables can be used with the following statistical procedures to

predict the values of the dependent variables.

Simple linear regression is a technique which uses a linear model to predict the

value of a dependent variable, y, from a single independent variable, x. The linear

model takes the form:

Y = 130 + Pi x + res

where po and 13 1 are parameters evaluated in the analysis (i.e. the intercept and

gradient of a straight line fit), and res is the unexplained deviation of the predicted

value, 9, from the observed value, y, called a residual.

A least squares method is employed to obtain these parameters. In order to

assess how good the regression equation is at predicting the dependent variable,

the coefficient of determination, R2, is frequently used. This value indicates the

proportion of the variance of the dependent variable which is explained by the

independent variable, i.e.:

R2 =1—
Residual Sum of Squares 

Total Sum of Squares

Therefore if the residual sum of squares is very low or zero, R2 = 1, which

indicates a perfect fit. In sensory evaluation, values of R 2 > 0.75 are generally

considered
16

 to be acceptable.

An inspection of a plot of residuals against the predicted values and against the

independent variables should show random dispersions. Any apparent trends may

indicate that a more complex relationship exists, and that a simple linear

regression model is insufficient.

Multiple linear regression:

The observed sensory response (dependent variable) may be influenced by more

than one rheological attribute (independent variable). Simple linear regression is
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therefore insufficient to obtain an acceptable prediction of the response. Multiple

linear regression may then be employed, which leads to multiple independent

variables in the regression equation:

Y = po + pi xi + 13 2 x2 + f3 3 x3 + ....

This method calculates the value of each term considered for inclusion in the

model. Not all the independent variables may be needed. Some variables may be

better predictors than others.

One method of selecting which independent variables to use in the model is to

use the maximum R2 improvement technique. This method tries to find the "best"

one variable model, the "best" two variable model, and so forth. The method

begins by finding the one-variable model producing the highest R 2 value. The

second variable which results in the greatest increase in R 2 is subsequently

added. Each of these two variables in the model is compared to each variable not

in the model to see whether removing one variable and replacing it with another

results in an increase in R2. Having compared all the variables, any switches in

variables which produce the largest increase in R 2 are carried out. Comparisons

and switches continue until no further switches of variables could increase R2.

This is then the "best" two-variable model. A third variable is added to the model

and the comparing and switching process is repeated to find the "best" three-

variable model, and so forth.

The procedure may be halted when the smallest number of variables has been

found - resulting in a satisfactory R 2 value.

55



4. EXPERIMENTAL METHOD

4.1 SAMPLE FORMULATION

Sample sets were formulated to span the viscosity range suitable for skin

application. These sample ranges, on which sensory evaluation was carried out,

were formulated from hypoallergenic personal care constituents. The chosen

sample sets were silicone oils, poly(vinyl alcohol)/sodium borate gels, silicone

based oil-in-water and water-in-oil emulsions, and beeswax/liquid paraffin

mixtures. The sets were capable of spanning a viscosity range by, either

increasing the volume fraction of the dispersed phase for the emulsions,

increasing the amount of sodium borate cross-linking agent for the gels,

increasing the amount of beeswax, or using a higher viscosity silicone oil. The

formulations were made with the minimum number of ingredients and without

addition of perfume or colorant. Additionally several branded products were used

for both sensory and rheological characterisation for comparison with the

formulated samples.

Detailed below are the formulation procedures for the sample sets and a

description of the branded products used. Appendix 1 has precise details of all

the materials used.

4.1.1 Silicone Oils

The linear dimethyl polysiloxanes used were 50 cs, 350 cs, 1000 cs and 12500 cs

labelled viscosities. The consistencies ranged from light oil through oily to syrupy

with increasing viscosity. Figure 4.1.1-1 shows their appearance after 5 seconds

tilted at 40 0 .
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Figure 4.1.1-1 Silicone Oils (tilted 400)

4.1.2 Poly (Vinyl Alcohol)/Sodium Borate Gels

A range of gels was formulated using a 3%(w/w) aqueous PVA solution (molecular

weight approximately 93400, 99-100% hydrolysed) and adding increasing

amounts of a 2%(w/w) aqueous sodium tetraborate decahydrate (Na2B407.10H20)

solution. Gel consistency varied from "watery" through to "jelly-like", with

increasing borate addition. The PVA stock solution was made up by adding PVA

powder to water at 80°C in a large beaker containing a magnetic stirrer bar on a

stirrer/hot plate. 0.01% (w/w) of cetyl trimethyl ammonium bromide (C 16TAB) was

added to the PVA stock solution to inhibit bacterial growth. The water was heated

to 90°C and stirred for 30 minutes to dissolve all the PVA. The solution was

allowed to cool to 40°C and then mixed with the sodium borate solution. Vigorous

stirring with a spatula was required to cross-link the mixture into a homogeneous

gel.

Table 4.1.2-1 details the proportions of ingredients in each sample and Figure

4.1.2-1 shows their appearance after 5 seconds tilted at 40°.
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Poly(Vinyl Alcohol)/Sodium Borate Gels

Figure 4.1.2-1 PVA/Sodium Borate Gel System (tilted 400)

Table 4.1.2-1 PVA/Sodium Borate Formulation Details

Formulation Code A2 A3 A4 A5 A6 A7 A8
cm3 of 3%(w/w) PVA
(inc. 0.01% C16TAB)

100 100 100 100 100 100 100

cm3 of 2%(w/w) borate 2.0 2.5 2.9 3.4 3.8 4.2 4.7

Consistency Watery Syrupy Gel

4.1.3 Water-in-Oil Silicone Emulsions

Weight fractions of water-in-oil emulsions were formulated from 40% through to

80%. The oil phase consisted of DC3225C Formulation Aid - C.T.F.A. (Cosmetics

Toiletries and Fragrances Association) designation: cyclomethicone and

dimethicone copolyol (exact IUPAC details are in Appendix 1), plus the non ionic

emulsifying agent ABIL EM90 - cetyl dimethicone copolyol - both clear liquids.

The water phase consisted of Purite water with 1%(w/w) sodium chloride

dissolved.

The water phase was added dropwise to the oil phase whilst homogenising with a

SiIverson laboratory mixer emulsifier at approximately 10000 rpm over 20 minutes

at room temperature (21°C).
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Water-in Oil Silicone  Emu

Figure 4.1.3-1 Water-in-Oil Silicone Emulsion System (tilted 400)

Table 4.1.3-1 details the proportions of ingredients in each sample and Figure

4.1.3-1 shows their appearance after 5 seconds tilted at 40 0 .

Table 4.1.3-1 Water-in-Oil Emulsions Formulation Details

W/O Weight Fraction 40% 50% 60% 70% 80%
Weight (g) of ingredients

for a 100g sample
Water (99% + 1%NaCI) 40 50 60 70 80
ABIL EM90 2 2 2 2 2
DC3225C 58 48 38 28 18

Consistency Lotion Lotion Lotion Cream Cream

4.1.4 Oil-in-Water Silicone Emulsions

Weight fractions of oil-in-water were formulated from 5% through to 55%. The oil

phase consisted of ABIL 350 (350 cs silicone oil) - a clear liquid, plus a 50:50

surfactant mixture of Emulgator E2155 - Steareth 7 and Steareth 10 and Stearyl

Alcohol - a waxy white solid, and TeginAcid H - Glyceryl Stearate and Ceteth 20 -

a white powder. Additionally, stearyl alcohol - white flakes, were added to the oil
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Oil-in-Water Silicone Emulsions

Figure 4.1.4-1 Oil-in-Water Silicone Emulsion System (tilted 40°)

phase. The water phase consisted of Purite water with 1%(w/w) sodium chloride

dissolved.

Both phases were heated to approximately 80°C in an oven. The oil phase melted

and was well mixed by shaking. The water phase was then added dropwise to the

oil phase whilst homogenising with a SiIverson laboratory mixer emulsifier at

approximately 10000 rpm over 5 minutes at approximately 70°C. Hot water baths

were used to maintain the temperature during homogenising. The resulting

mixture was stirred with a spatula until the sample reached room temperature.

Table 4.1.4-1 details the proportions of ingredients in each sample and Figure

4.1.4-1 shows their appearance after 5 seconds tilted at 40°.

Table 4.1.4-1 Oil-in-Water Emulsions Formulation Details

01W Weight Fraction 5% 10% 20% 30% 40% 55%
Weight (g) of ingredients

for a 102g sample
Water (99% + 1%NaCI) 95 90 80 70 60 45
Emulgatore E2155 1.5 2 2 3 3.5 3.5
TeginAcid H 1.5 2 2 3 3.5 3.5
Stearyl Alcohol 2 2 2 2 2 2
ABIL 350 2 6 16 24 33 48

Consistency Cream Cream Cream Cream Cream Cream
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!eswax/Liquid Paraffin System

Figure 4.1.5-1 Beeswax/Liquid Paraffin System
(tilted 400)

4.1.5 Beeswax/Liquid Paraffin Samples

Weight fractions of beeswax (pale yellow/orange solid) in liquid paraffin (clear

liquid) were formulated from 10%(w/w) through to 40(Yo(w/w). Both phases were

heated together in an oven to 80°C to melt the wax. The samples were then

shaken to mix the phases and allowed to cool to room temperature with constant

slow stirring with a spatula.

Table 4.1.5-1 details the proportions of ingredients in each sample and Figure

4.1.5-1 shows their appearance after 5 seconds tilted at 40°.

Table 4.1.5-1 Beeswax/Liquid Paraffin Formulation Details

Weight Fraction 10% 20% 30% 40%
Weight (g) of ingredients for

a 100 g sample
Beeswax 10 20 30 40

Liquid Paraffin 90 80 70 60

Consistency Cream Heavy
Cream

Semi-Solid
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PRODUCTS

•

Anne French
Deep Cleansing

Milk

Vaseline
Intensive

Care Lotion

Cream E45
Crookes

Healthcare

4.1.6 Branded Products

Table 4.1.6-1 shows which products were used in this study and Figure 4.1.6-2

shows their appearance after 5 seconds tilted at 40 0 .

Table 4.1.6-1 Branded Products

Purchase Date Consistency
Pale yellow thick lotionVaseline Intensive Care Lotion August 1994

Anne French Deep Cleansing Milk August 1995 White watery milk
Cream E45 (Crookes Healthcare) August 1995 Heavy white cream

Figure 4.1.6-2 Branded Products (tilted 40°)

4.1.7 Dilutions

Water was added to: the 55% 01W silicone emulsion sample, the highest

viscosity PVA/borate sample (A8), and to Vaseline Intensive Care Lotion. Water

was added to the samples in the ratios 25:75 and 50:50 (water : sample) and

stirred with a spatula until a uniform consistency was achieved. Table 4.1.7-1

details the consistency achieved for each dilution and Figure 4.1.7-1 shows their

appearance after 5 seconds tilted at 40°.
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Dilutions

Figure 4.1.7-1 Dilutions (tilted 400)

Vaseline Intensive
Care Lotion BorateBorate Gel A8 

55% 01W Silicone
Emulsion

-11	 1
irkAi i 11

'
I

•
• . 50

Vvater anti.

50 50 100 C
Scur,:,

50 50
Was

Table 4.1.7-1 Dilutions

25:75
Consistency

50:50Dilution ratio water : sample
Vaseline Intensive Care Lotion Thick Lotion Lotion

PVA/borate sample (A8) Watery Watery
55% 0/W silicone emulsion Cream Light Cream

.;.:e
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4.2 SENSORY EVALUATION

Twenty persons were selected to become sensory panellists chosen from

postgraduates and staff from the School of Chemistry, University of Bristol. The

average age of the group was 26, with a 50/50 male/female split. The 20 subjects

were split into 3 smaller groups to facilitate group management.

Following selection, the panellists were trained over ten sessions lasting 45

minutes each, before they were ready to begin sample assessment. The following

sections detail the selection, training and assessment procedures.

4.2.1 Panellist Selection

The prospective panellists all filled in an application questionnaire (see Figure

4.2.1-1) in order to ascertain their degree of prior knowledge of sensory

evaluation and rheology, and their academic background. A list of health

conditions, which affect sensory evaluation, was included on the sheet in order to

exclude unsuitable applicants. The successful applicants had no prior experience

of touch sensory evaluation, nor any other reason which was likely to hinder

sensory assessment.

Following acceptance, the new panellists completed a touch sensory

questionnaire and a scaling exercise (see Figure 4.2.1-2, Figure 4.2.1-3) to give

them practice at describing skin-feel and using a line scale to estimate a

magnitude. All panellists successfully completed this exercise.

The application and touch sensory questionnaires and the scaling exercise were

adapted from panellist selection guidelines suggested by the American Society for

Testing and Materials subcommittee E18 Sensory Evaluation 26 and by Meilgaard,

Civille and Carr
16

.
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Application Questionnaire

Name.	

Sex:	 Male / Female	 Date of Birth.	

Local Address: 	

Phone .	 	 Department 	

Room No. 	 	 Internal Phone: 	

TIME	 Please indicate your

preferred panel session time: Tuesday 12:00 M	 Thursday 12:00 II

GENERAL	 These questions are only for reference and may indicate any previous experience
with rheology or sensory evaluation.

1. What is your degree background and current course/employment at the university? 	

2.	 Does anyone in your immediate family, or someone you know well, work for a

consumer product or personal care company?	 YES I NO	 If YES, please state

which company and department.	

3. Does anyone in your immediate family, or someone you know well, work for a marketing

research or advertising firm?	 YES / NO	 If YES, please state which company: 	

4. Do you have any scientific experience with rheology?	 YES / NO	 If YES, briefly

indicate the nature of your work and degree of experience: 	

5. Have you had any experience of sensory evaluation?	 YES / NO	 If YES, give

details: 	

HEALTH	 If you have any of the below listed conditions you may NOT take part in this study 	

An allergic or adverse reaction to any lotion or cream
Skin rashes	 Psoriasis
Eczema	 Calluses on hands/fingers
Unusually cold or warm hands	 Hypersensitive skin
Tingling in the fingers 	 If you are taking medication affecting touch or CNS

Thank you for agreeing to become a panellist. Please return this form in the envelope provided.

You will be contacted shortly to inform you of acceptance and further information.

Figure 4.2.1-1 Application Questionnaire
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Name:	 Panel Group:

Touch Sensory Questionnaire

Please answer each question in your own words. (Do not discuss the questions
with anybody else.)

1. What tactile characteristics of a lotion make you think it is rich?

2. Which is thicker, an oily or a greasy film? 	

3. When you rub an oily film on your skin, how do your fingers move? Slip 	  or Drag 	

4. What properties in a paper tissue do you associate with softness? 	

5. How might the appearance of a hand cream influence your perception of it? 	

6. Name some things that are sticky.	

7. When your skin feels moist, what other words or properties could describe it? 	

8. Name some things that are rough.	

What makes them rough? 	

9. What other words would you use to describe a lotion as thin or thick? 	

10. How would you define absorbent in a lotion? 	

11. What properties make a deodorant feel sticky? 	

Figure 4.2.1-2 Touch Sensory Questionnaire
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EXAMPLES

None 1	

A

(All

/None I	

None /

Name:	 Panel Group:

SCALING EXERCISE 

Instructions: Indicate the amount of each figure that is shaded by marking each

adjacent line.

None I	 (All

None I	  All

None 	 (All

None 	 (All

Figure 4.2.1-3 Scaling Exercise (Page 1)
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Name: Panel Group:

None I	 I All

None I	 I All

None 	 f All

None J	 J All

None I	 I All

None I	  All

Figure 4.2.1-3 Scaling Exercise (Page 2)
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4.2.2 Language Generation

In the introductory panel session panellists discussed the touch sensory

questionnaire (Figure 4.2.1-2) and the scaling exercise (Figure 4.2.1-3). This

prompted the panellists to start thinking about the feel of samples on the skin and

encouraged them to use descriptive words. The most commonly suggested

answers to each question were noted and the answers to the scaling exercise

were given.

The procedure for language generation was then explained:

Panellists were presented with a sample in a small clear pot (see Figure 4.2.2-1),

and were asked to describe the appearance of the sample followed by the skin

feel in three stages - PICK-UP, RUB-OUT and AFTER-FEEL.

Figure 4.2.2-1 Sample Dish and Display Pot

PICK-UP - Panellists took a small amount (approximately 0.1 to 0.2g) of sample

onto the tip of one finger from the pot and "dabbed" it (touched lightly and quickly

with short tapping strokes) gently onto the inner forearm of the opposite arm

approximately ten times. Panellists then wrote down as many words as possible to

describe the skin feel experienced and what was happening to the sample. The
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Figure 4.2.2-2 Spreading Action of Sample on Arm

Within a 5 cm Diameter Circle

sample was dabbed a further ten times and further descriptions were written

down.

RUB-OUT - Panellists spread the sample which was already on the arm, following

the pick-up stage, in a circular motion on the inner forearm using the same finger

(see Figure 4.2.2-2). Again panellists wrote down as many words as they could

think of to describe the skin-feel experienced and what was happening to the

sample. Panellists were also told to look away from the sample to help them

concentrate on the sense of touch. After approximately 3 minutes, the residue - if

any was present - was assessed.

AFTER-FEEL - Any residual sample was wiped off and the feel of the skin where

the sample had been was compared with unaffected skin using the same finger

used for application plus another unaffected finger. Panellists generated words

describing the feel and state of the skin.

The panellists were constantly encouraged to describe everything they felt from

the sample and what was happening to it.
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Techniques such as comparing the sample to a food or an object were also

employed. For example, panellists were asked to imagine if the sample were a

motor vehicle or a famous person, which/who would it be and why? The

explanations and reasons behind these comparisons were useful in generating

relevant language.

After each panellist had recorded their own words, the panel discussed their

responses together and often suggested further words (Figure 4.2.2-3). They

were orally probed to explain some of their suggested words in more detail or to

suggest further similar descriptions.

Figure 4.2.2-3 Language Generation Panel Session

Panellists were told to ignore any scent or colour that the samples had.

Additionally they were instructed not to report any degree of liking or disliking of

the samples, but to concentrate solely on the skin-feel of the samples.

Eleven different samples were used during 4 sessions (over 4 weeks) to generate

a large pool of descriptive words. The samples used for language generation are

described in Table 4.2.2-1.
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Table 4.2.2-1 Samples Used for Language Generation

Sample
Code

Description of Sample

113 1000 cs Silicone Oil
130 12500 cs Silicone Oil
161 5%(w/w) 01W Silicone Emulsion (Light Cream)
170 55% (w/w) 01W Silicone Emulsion (Cream)
155 70%(w/w) W/O Silicone Emulsion (Cream)
132 1013/0(w/w) Beeswax in Liquid Paraffin
104 40%(w/w) Beeswax in Liquid Paraffin
171 PVA/Sodium Borate Gel (A2) (Watery)
133 PVA/Sodium Borate Gel (A6) (Viscous Gel)
127 Sun Cream Factor 25, Soltan (Boots) (Purchased U.K. April 1994)
146 Aftershave Gel, Blue Coolwave, Gillette (Purchased U.K. April 1994)

4.2.3 Language Reduction

From the pool of 150 words (see Table 5.2.4-1), panellists were asked to group

similar words together. Panellists were restricted to a maximum of eight word-

groups to assist them. Each word-group was then assigned a keyword (a word

from that group or a new word) which best described the content of that particular

group. Having narrowed down which words were key and which were redundant,

panellists were then asked to suggest which were the most important and useful

words to use in describing the skin-feel and sample action in each of the three

stages - pick-up, rub-out and after-feel. Panellists were limited to 8 keywords for

the pick-up, 14 words for the rub-out and 4 words for the after-feel assessment

stages. Panellists were then asked to check that the words they had selected for

each assessment stage were capable of fully characterising the sample in terms

of skin-feel and sample action, and that no main areas of skin-feel had been left

out. The whole language reduction procedure was incorporated into one 70

minute panel session.

4.2.4 Record Sheet Production

From the panellist responses concerning the keywords to be used in each

assessment stage (pick-up, rub-out and after-feel), the most commonly suggested

words across all 20 panellists were chosen to create a sample assessment record

sheet (see Figure 5.2.4-1, Figure 5.2.4-2). This sheet was later used (Section

4.2.8) to fully characterise samples on the skin in terms of skin feel and sample

action.
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4.2.5 Attribute Definitions

Panellists were presented with the sensory assessment record sheet and were

asked to define in their own words what they thought each attribute meant.

Following this, panellists discussed with each other what they had written and

they came to an agreed general definition for each attribute which was later used

in sample assessment.

4.2.6 Scale Acclimatisation

Panellists agreed on suitable maximum and minimum samples which would

classify and limit the 0 to 10 scale for each sensory attribute. Panellists were

presented with the suggested maximum and minimum samples and used them to

acclimatise to the limits of each scale. Scale acclimatisation was carried out over

3 panel sessions.

4.2.7 Protocol for Sensory Assessment

A protocol was established which would be followed during all sensory

assessments:

• Any personal care or other preparations used on the hands or arms were

washed off 12 hours before each sensory assessment session using 80/20

tallow/coconut oil soap.

• The hands and arms were clean and kept dry 30 minutes prior to each panel

session.

• 0 to 10 pre-defined scales on the record sheet (see Section 5.2.4) were used

to record the intensity of each attribute. 0 meant no or minimum intensity, 10

meant most or maximum intensity.

• Samples would initially be visually inspected in a small clear pot (see Figure

4.2.2-1), one third filled with sample (so that they could clearly see the

sample's texture and surface). Panellists tilted the pot slightly from side to

side to judge the flow characteristics of the sample.

• PICK-UP - The 0.10 g (pre-weighed) sample was taken onto one finger by

scooping it off a watch glass sealed in a Petri dish with clingfilm (see Figure

4.2.2-1) and "dabbed" lightly onto the inner forearm 10 times at varying

speeds so that an average value for the intensity of each attribute was

estimated. Liquid samples were applied directly to the inner forearm using a
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5 cm3 syringe with no needle (0.10 g was applied) followed by immediate

assessment to stop the sample from flowing off the arm. The whole pick-up

procedure took 40 seconds.

• RUB-OUT - The sample was then spread in a circular fashion over a 5 cm

diameter circle at 2 revolutions per second on the inner forearm using the

same finger as in the pick-up stage. The sample was spread for 30 seconds

and an average of the intensities for each attribute over this period was

recorded on 0 to 10 scales. The sample was then spread for a further 30

seconds, after which the residue, if any, was assessed (still with the same

finger). The whole rub-out procedure took 120 seconds.

• AFTER-FEEL - Any residual sample was removed from the finger and

forearm with a soft paper towel. After allowing the skin to dry for 10 seconds,

the area on the inner forearm where the sample had been applied was

assessed using both the application finger and one other unaffected finger

by patting and by rubbing. This area was compared to unaffected skin on the

inner forearm. The intensity values were recorded on 0 to 10 scales, with 5

meaning no difference to normal unaffected skin, less than 5 meant less

intense than normal skin, greater than 5 meant more intense than normal

skin. The whole after-feel procedure lasted 40 seconds.

4.2.8 Sensory Assessment

Samples were weighed out (0.10 g) into watch glasses in Petri dishes 15 minutes

prior to each panel session and covered with clingfilm (see Figure 4.2.2-1).

Syringes for delivering liquid samples were calibrated to dispense (0.10 g).

The reason for using 0.10 g was because this enabled some samples to adsorb

into the skin within the time of sensory assessment. Samples were labelled with

random 3 digit codes so that panellists had no idea what the sample was. The

order of sample presentation was randomised to avoid ordering effects.

Panellists practised rating samples on the sensory assessment record sheet

(following the above protocol). Four samples were rated during each panel

session for 4 weeks, with two different sites and fingers used on each arm.

Panellists were reminded what the attribute definitions and scale limits were.
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Additionally panellists were reminded that any scent or colour of the sample, and

personal preferences were to be ignored.

Following their training, panellists were now ready to begin sensory assessment

following the protocol detailed above in Section 4.2.7. Panellists did not interact

with each other during sensory assessments, see Figure 4.2.8-1.

Figure 4.2.8-1 Sensory Assessment Panel Session

A list of the samples assessed is shown in Table 4.2.9-1.

4.2.9 Pre-Hydration Sensory Assessment

An additional study was carried out as above, except that the inner forearm and

fingers of the opposite hand were immersed in tap water at 40°C for 5 minutes

before sensory assessment (see Figure 4.2.9-1). Surface water was patted off the

skin using a paper towel, followed by immediate sensory assessment as

described above in Section 4.2.8. The skin temperature after-feel attribute was

replaced by skin softness after-feel, and an extra attribute - homogeneity - was

included in pick-up assessments.
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Figure 4.2.9-1 Hydration of Forearm and Fingers in a Water Tray

A list of the samples assessed is shown in Table 4.2.9-2.
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Table 4.2.9-1 Samples Assessed on Dry Arm

Sample
Code Description of Sample

187 50 cs Silicone Oil
120 350 cs Silicone Oil
113 1000 cs Silicone Oil
130 12500 cs Silicone Oil
128 40%(w/w) W/O Silicone Emulsion (Lotion)
181 50%(w/w) W/O Silicone Emulsion (Lotion)
174 60%(w/w) W/O Silicone Emulsion (Lotion)
155 70%(w/w) W/O Silicone Emulsion (Cream)
123 80%(w/w) W/O Silicone Emulsion (Cream)
161 5(3/0(w/w) 01W Silicone Emulsion (Light Cream)
126 10%(w/w) 01W Silicone Emulsion (Cream)
112 20%(w/w) 0/W Silicone Emulsion (Cream)
172 3013/0(w/w) 0/W Silicone Emulsion (Cream)
110 40%(w/w) 0/W Silicone Emulsion (Cream)
170 55% (w/w) 0/W Silicone Emulsion (Cream)
171 PVA/Sodium Borate Gel (A2) (Watery)
168 PVA/Sodium Borate Gel (A3) (Watery)
147 PVA/Sodium Borate Gel (A4) (Syrupy)
118 PVA/Sodium Borate Gel (A5) (Syrupy)
133 PVA/Sodium Borate Gel (A6) (Viscous Gel)
136 PVA/Sodium Borate Gel (A7) (Viscous Gel)
177 PVA/Sodium Borate Gel (A8) (Viscous Gel)
132 10%(w/w) Beeswax in Liquid Paraffin (Cream)
158 20%(w/w) Beeswax in Liquid Paraffin (Heavy Cream)
148 30%(w/w) Beeswax in Liquid Paraffin (Semi-Solid)
104 40%(w/w) Beeswax in Liquid Paraffin (Semi-Solid)
111 Vaseline Intensive Care Lotion (Purchased August 1994)
125 Anne French Deep Cleansing Milk (Purchased August 1995)
140 Cream E45, Crookes Healthcare (Purchased August 1995)

Table 4.2.9-2 Samples Assessed on Pre-Hydrated Arm

Sample
Code Description of Sample

113 1000 cs Silicone Oil
130 12500 cs Silicone Oil
174 60%(w/w) W/O Silicone Emulsion (Lotion)
123 80%(w/w) W/0 Silicone Emulsion (Cream)
112 20%(w/w) 0/W Silicone Emulsion (Light Cream)
170 55%(w/w) 0/W Silicone Emulsion (Cream)
177 PVA/Sodium Borate Gel (A8) (Viscous Gel)
148 30%(w/w) Beeswax in Liquid Paraffin (Semi-Solid)
111 Vaseline Intensive Care Lotion (Purchased August 1994)
150 Dilution - 55%(w/w) 0/W Si Emulsion / Water 75/25
162 Dilution - 55%(w/w) 0/W Si Emulsion / Water 50/50
180 Dilution - PVA/Sodium Borate Gel (A8) / Water 75/25
156 Dilution - PVA/Sodium Borate Gel (A8) / Water 50/50
175 Dilution - Vaseline Intensive Care Lotion / Water 75/25
160 Dilution - Vaseline Intensive Care Lotion / Water 50/50
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4.3 RHEOLOGICAL CHARACTERISATION

The instrument most suitable and capable of measuring all the rheological

characteristics and shear rates of interest to this study was the Bohlin VOR

controlled strain rheometer.

4.3.1 Bohlin VOR Rheometer

The rheometer is shown in Figure 4.3.2-1. It consists of a lower drive section

which is capable of operating either a continuous rotating mode (constant speed)

or a sinusoidal oscillating mode. The drive section is geared so that a whole

range of speeds and frequencies are possible. The upper section is the torque

measuring unit and consists of a linear transducer and a torsion bar suspended

via a virtually friction-less air bearing. When the drive system turns, the sample

resistance (viscosity) tries to twist the torsion bar. The resulting torque is

measured from the twist and torsion bar stiffness. The torsion bar is

interchangeable, so that a whole range of torques may be measured. The

computer software then automatically converts the torque to a shear stress, other

rheological factors are calculated from this and all are displayed on screen in real

time.

4.3.2 Measuring Systems for the Bohlin VOR

Various measuring geometries were available which were selected depending on

the consistency of the sample to be measured and the shear rate to be applied. In

this study, liquids (of low viscosity) were measured with the DG24127 double gap,

medium viscosity fluids were measured using the C14 concentric cylinders, and

creams and semi-solids were measured using the CP5/30 cone and plate. Shear

rates from 10-3 s-1 up to 500 s-1 were measured with the above geometries by

changing the torsion bar to maintain the torque within range. For shear rates of

100 s-1 up to 104 s-1 the tapered plug geometries were used.

The strain application part (lower unit) of each measuring geometry is secured

into place in the drive section and is thermostatically controlled by a re-circulating

water/ethylene glycol bath. The measuring part (upper unit) of the geometry is

attached to the measuring head underneath the torsion bar (as shown in Figure

4.3.2-1).
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Figure 4.3.2-1 Bohlin VOR Rheometer
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The cone and plate geometry is initially used to set a gap of 150 using a

precision feeler gauge, and the height gauge is zeroed on this. The geometries,

apart from the tapered plugs, are used at this gap height.

A solvent trap (in this study water was the solvent) was used for samples which

were liable to drying out over longer rheological experiments (such as the creams

and gels). The solvent trap sits directly above the geometry unit, hindering any

drying out from the exposed sample surface.

The following sections describe the geometries in more detail.



4.3.2.1 Double Gap DG24127

This measuring geometry, shown in Figure 4.3.2-2, has the largest measurement

surface area and is therefore the most sensitive geometry. It was used for the low

viscosity fluids such as the silicone oils (viscosity < 1 Pa s), the mobile

PVA/borate gels, the W/O lotions, the sample dilutions and for Anne French Milk.

The code DG24/27 indicates the diameter of the upper cylindrical unit (24 mm)

and the outer diameter of the lower cylindrical unit (27 mm). The lower unit was

carefully filled with approximately 10 cm 3 of sample whilst avoiding the

incorporation of air bubbles. The upper unit was then lowered into place and any

overflow was wiped away.

Figure 4.3.2-2 Double Gap DG24127
Measuring Geometry

4.3.2.2 Coaxial Cylinder C14

Figure 4.3.2-3 Coaxial Cylinder C14
Measuring Geometry
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The coaxial cylinder with a 14 mm diameter bob is shown in Figure 4.3.2-3. This

measuring geometry, has a medium measurement surface area and is therefore

used for the moderate viscosity fluids such as: the 12500 cs silicone oil, the thick

PVA/borate gels, the 01W silicone emulsions, and for Vaseline Intensive Care

Lotion. The lower unit was carefully filled with approximately 2 cm 3 of sample and

the upper unit was then lowered into place and any overflow above the surface of

the upper cylindrical unit was wiped away.

4.3.2.3 Cone and Plate CP5130

The cone and plate geometry is shown in Figure 4.3.2-4. The geometry code

CP5130 refers to a 30 mm diameter cone having an angle of 5°. The cone is

truncated so that the theoretical (missing) tip would touch the lower plate, this

makes the geometry more robust and prevents a frictional contribution to the

shear stress. The truncation height in this case is 150 prm, which is set using a

feeler gauge. This geometry was used for the W/0 creams, the beeswax/liquid

paraffin samples and for Cream E45. Approximately 1 cm3 of sample was applied

to the plate and the cone was lowered to the pre-zeroed height. The sample

should just fill the gap between the upper and lower elements, any excess sample

was wiped away.

Figure 4.3.2-4 Cone and Plate CP5130 Measuring
Geometry
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4.3.2.4 Tapered Plugs TP20

The tapered plug geometries are shown in Figure 4.3.2-5. The three tapered

plugs are designated TP20:1, TP20:2, and TP20:3 respectively, in order of

diminishing sensitivity. The range of plugs allowed the measurement of very

viscous samples, such as the beeswax/liquid paraffin samples using TP20:3 (the

smallest surface area) and the least viscous samples, such as 50 mPa s silicone

oil, using TP20:1 (the largest surface area). By adjusting the height of the plug

above the lower cup unit, the measuring gap was adjusted. The ratio of height

displacement of the plug to the gap size was 1:10. By decreasing the measuring

gap, shear rates of up to 10 4 s-1 were achieved. The viscosity of all samples was

measured using the most suitable plug (depending on the viscosity of the

sample). Shear rates applied were 100 s-1 up to 104 s-1.

Figure 4.3.2-5 Tapered Plug TP20 Measuring
Geometries. From Left to Right: TP20:3, TP20:2, TP20:1

The plugs were attached to the air bearing of the rheometer via a flexible coupling

on their shafts. To zero the measuring gap, the plug was lowered into place

approximately 2 mm above the cup. The flexible coupling was then temporarily

loosened to allow the plug to drop fully into the cup, thus achieving a zero gap.

The coupling was then re-tightened onto the plug and the height gauge was

zeroed. The plug was then raised to the desired height.
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The gap was filled by either introducing liquid samples to the gap whilst the cup

was slowly rotating, or solid-like samples were introduced to the lower unit

followed by the lowering of the upper unit to the desired height. Excess sample

escaped via two channels running up either side of the centre of the plug, this was

wiped away.

Typical heights used to achieve the desired shear rates were 250 to 300 pm,

effecting a measuring gap of 25 to 30 pm. The flow curves obtained using the

tapered plug geometries were compared with the flow curves obtained using the

standard geometries. Any discrepancy was caused by minor inaccuracies in

setting the gap, which was then adjusted in the software to align the two flow

curves (in the overlap region 100 to 500 s-1).

4.3.3 Modes of Operation of the Bohlin VOR

In order to rheologically characterise each sample, the following tests were

carried out. The measuring geometries, described above (section 4.3.2), were

selected as appropriate. The torsion bars were interchanged to maintain the

measured torque within range.

4.3.3.1 Viscometry Test

A stepped shear test was performed on each sample for shear rates 10 -3 s-1 up to

104 s-1 . The Bohlin VOR was run in steady shear mode where the drive section

was rotated at a constant velocity. The shear rate was determined automatically

by the software from the velocity of rotation and the measuring geometry

(including the gap size). Each shear was applied for a set time of 20 s (delay time

10 s and integration time 10 s). The shear rate, shear stress and viscosity were

recorded for each value and were joined up "dot to dot" fashion to produce the

flow curve and the viscosity curve. The viscometry tests were performed at 25°C

and repeated at 32°C (skin surface temperature) for each sample.

83



4.3.3.2 Strain Sweep Test

Before performing an oscillation test, which measured the viscoelastic properties

of the samples, a strain sweep test was carried out. The latter test was performed

in order to ascertain the region of linear strain response (linear region). The test

oscillated (sinusoidally) the lower geometry unit at a fixed frequency as the

applied amplitude (strain) was slowly increased. When the stress became too

great, the applied strain caused the destruction of the sample's elastic structure.

This was apparent by a decreasing measured elasticity value, whilst the

measured viscous component increased. The linear region was present at strains

smaller than this critical strain value.

Strain was increased from 10-3 up to 0.2 strain (0.5% to 95% amplitude). The

frequency was fixed at 1Hz and an initial equilibrium time of 10s was set. The

strain sweep tests were performed at 25°C and repeated at 32°C (skin surface

temperature) for each sample. Critical strain values were noted and were not

exceeded in the oscillation tests.

4.3.3.3 Oscillation Test

Oscillation tests were performed to show how each sample behaved

viscoelastically. Before carrying out an oscillation test, strain sweep tests were

performed to identify the region of linear strain response. The calculations used in

the software were valid in this linear region. A suitable (low) strain amplitude was

selected for each sample.

A sinusoidally varying strain was applied to the sample, inducing a sinusoidally

varying stress response. For elastic solid samples the stress response was

exactly in phase with the applied strain, for viscous liquid samples the stress

response lagged behind the applied strain by 90° (out of phase). See

Section 3.1.11. The values of storage modulus, loss modulus, complex modulus,

dynamic viscosity and phase angle were calculated for each frequency.

Frequencies measured were from 10 Hz down to 0.01 Hz at 25°C, and from 10 Hz

down to 0.1 Hz at each temperature 10°C, 15°C, 20°C, 25°C, 30°C, 32°C, 35°C,

40°C, 45°C. A temperature equilibrium time of 180 s was allowed once each

temperature had been achieved. An initial strain equilibrium time of 5 s was also

set.
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Frequencies above 10 Hz were avoided, since each combination of upper

measuring geometry (attached to the air bearing) and torsion bar had some

natural resonant frequencies above approximately 10 Hz.

4.3.3.4 Stress Relaxation Test

The test sample was subjected to a rapidly applied strain which was held for the

remainder of the test. The amplitude of the strain was selected following a strain

sweep test (section 4.3.3.2) to lie within the region of linear strain response. The

relaxation behaviour of the sample was monitored by measuring the steadily

decreasing value of shear stress over time.

The stress relaxation tests were carried out at 32°C (skin temperature) with a

strain rise time of 20 ms, a measurement time of 600 s and an electronic filtration

factor of 7 for the relaxation curve.
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Table 5.2.1-1 Answers to Scaling Exercise (Figure 4.2.1-3)16

The fraction of shading in each figure is given here:

Question Answer Question Answer

1 7/8 6 1/8

2 1/8 7 3/4

3 1/6 8 1/8

4 1/4 9 1/2

5 7/8 10 1/2
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5. RESULTS & DISCUSSION

5.1 SAMPLE FORMULATION

All samples remained visually stable for at least 6 months. Samples were stored

at room temperature away from direct sun-light. The W/O silicone emulsions with

volume fractions of oil in water of 60% and lower did exhibit some "sedimentation"

of the turbid water phase after 2 weeks. This "sediment" phase, i.e. the water

phase, was entirely re-dispersible with only slight agitation. No bacterial growth

was noticed in any sample.

Sensory evaluation and rheological characterisation were performed on each

sample within 4 weeks of preparation.

5.2 SENSORY EVALUATION

The following sections show how the sensory panellists were trained and

summarise the results of the sample sensory assessments.

5.2.1 Touch Sensory Questionnaire & Scaling Exercise

All panellists completed the touch sensory questionnaire (see Figure 4.2.1-2) and

the scaling exercise(see Figure 4.2.1-3). Figure 5.2.1-1 shows the most common

answers that were given to each question. The answers to the scaling exercise

are shown in Table 5.2.1-1



Name:	 Panel Group:

ANSWERS - Touch Sensory Questionnaire

Please answer each question in your own words. (Do not discuss the questions
with anybody else.)

1. What tactile characteristics of a lotion make you think it is rich? 	

	 thick. creamy. smooth. easily spread. 	

2. Which is thicker, an oily or a greasy film ? 	 greasy 	

3. When you rub an oily film on your skin, how do your fingers move? Slip... 1/ or Drag 	

4. What properties in a paper tissue do you associate with softness? 	

	 .smooth. .pliable. thick...light...aerated texture/fluffy. .lack of noise on crumpling 	

5. How might the appearance of a hand cream influence your perception of it? 	

	 colour. .opacity. .solidity/runniness. .evenness of texture.. .iridescence 	

6. Name some things that are sticky-	 treacle/syrup. .glue .sticky tape. chewing gum 	

	 honey/jam. .sugar solutions 	

7. When your skin feels moist, what other words or properties could describe it? 	

	 damp. wet...sweaty. .clammy. .cool. smooth. .sticky. .soft 	

8. Name some things that are rough:...sandpaper...tree bark...rock/bricks...tarmac 	

What makes them rough?... uneven/jagged surface...friction...hard/coarse particles 	

9. What other words would you use to describe a lotion as thin or thick? 	

	 Thin:.runny. watery. fluid. .dilute .	 Thick:.viscous. .creamy. .rich. .dense. .heavy	

10. How would you define absorbent in a lotion?.., soaks into skin quickly.. .leaves no residue 	

	 minimal rubbing required 	

11. What properties make a deodorant feel sticky?... wetness/dampness...thick residue layer	

	 non-drying. .non-absorbing 	

Figure 5.2.1-1 Answers to Touch Sensory Questionnaire (from Panellists)
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All panellists successfully completed this stage and were subsequently accepted

onto the panellist training programme.

5.2.2 Language Generation

Panellists generated descriptive words over 4 sessions using a total of 11

samples, as described in Section 4.2.2. The list of words generated is shown in

Table 5.2.4-1.

5.2.3 Language Reduction

Panellists were asked to group together similar words from a choice of 150 from

the language generation list (Table 5.2.4-1) (see Section 4.2.3 for details). An

example of such language reduction groups is shown in Table 5.2.4-2.

Completing this exercise assisted panellists in the selection of

keywords/attributes. The most commonly suggested words for each of the sensory

evaluation stages (see section 4.2.3) were used to produce the sensory

evaluation record sheet.

5.2.4 Record Sheet Sensory Evaluation

Figure 5.2.4-1 and Figure 5.2.4-2 show the record sheet (front and back sides)

which was produced from panellists' keyword suggestions.

The first two attributes were purely for the visual inspection of the sample (see

section 4.2.7). There were 6 pick-up attributes, followed by 11 rub-out attributes

plus a description of any residue, finally there were 2 after-feel attributes. A

section at the end of the record sheet was available for recording any problems or

unusual effects encountered during the sensory evaluation.
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Table 5.2.4-1 Language Generated by Panellists

absorbent
adhesive
ball-formation
balls up
bitty
blob forming
bobble forming
bogey like
boingy
bouncy
breaks up
bubbles
clammy
clean skin
clingy
conglomerates
consistent
controllable
cool
cooling
creamy
crest formation
damp
damp-skin
deforms easily
delicate
difficult to spread
disappears
draggy
dries out
dry
easy to apply
elastic
evasive
film forming
flakes off
floppy
flows
fluffy
fluid
friction
frothy
gel-like
gelatinous
gentle
globule forming
gloopy
glossy texture
gluey
glutinous
good contact with skin
gooey
greasy

skin-phobic
skin tightening
slick
slides around
slimy
slippery
sloppy
sluggish
small solids
smooth
snotty
soapy
soft
solid like
splits
spreadable
spreads out
springy
squishy
sticky
stiff
stiffening
stretchy
stringy
succulent skin
supple-skin
syrupy
tacky
tears apart
texture holding
thick
thin
thinning
tight skin feel
tingly feel
translucent
uncontrollable
uneven
uneven spreading
unyielding
velvety
viscous
visibly redispersing
warm
warming
watery
waxy
weak
weepy
wet
white
wrinkly skin

gripping
gritty
heavy
high residue
hilly
holds shape
homogeneous
jelly like
light
low viscosity
lubricating
lump forming
lumpy
melts
milky
moist
moist-skin
moulds together
noisy
non-absorbent
non-adhering
non-pliant
non-sticking
not gripping
not rough
oily
oozy
opaque
particulate
peaky
pleasant
pliant
pulls skin
refreshed skin
relaxes back
residue
resistant
resistant skin
resistant to high shear rates
rich
rich-looking
ridge forming
rigid
rolls over skin
rough skin
rubbery skin feel
runny
sandy
shape holding
shiny
shiny skin
silky
skids
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Table 5.2.4-2 Example of Language Reduction Word-Groups

Homogeneity
balls up
bitty
blob forming
bobble forming
bogey like
breaks up
bubbles
conglomerates
consistent
fluffy
frothy
globule forming
gloopy
gooey
gritty
homogeneous
lump forming
not rough
sandy
small solids
uneven
uneven spreading
visibly redispersing

Adhesion 
adhesive
clingy
crest formation
gluey
hilly
holds shape
non-adhering
non-sticky
peaky
ridge forming
sticky
stretchy
stringy
syrupy
tears apart

Thickness
creamy
difficult to spread
flows
gel-like
gelatinous
glutinous
greasy
heavy
jelly like
light
low viscosity
milky
non-pliant
oily
oozy
rich
rich-looking
rigid
runny
shape holding
silky
slick
slimy
sloppy
sluggish
solid like
stiff
stiffening
syrupy
texture holding
thick
thin
viscous
waxy

Absorbency
absorbent
clean skin
disappears
good contact with skin
high residue
non-absorbent
refreshes skin
residue
rough skin
rubbery skin feel
shiny skin
skin tightening
succulent skin
tight skin feel
tingly feel
wrinkly skin

Resistance 
controllable
deforms easily
delicate
difficult to spread
draggy
easy to apply
evasive
friction
gripping
melts
not gripping
pliant
pulls skin
relaxes back
resistant
resistant skin
resistant to high shear rates
rolls over skin
skids
skin phobic
slides around
smooth
spreads out
uncontrollable
unyielding

90



SPREAD FOR 30 SECONDS

a)
- a)

ci

.0
g ai
a) co
(00

• a)
a)

7c2	 u_	 co
co	 cts	 co
u)	 u)> ,	 a)
a)	 co	 '0	 c
c	 a)	 as	 E	 -SC

C	 a)	 CIS	 0
rD	 =	 CL	

a)	 1E
5	 U)	 6	 I-

0
2

0	 8

ct1

LLJ

a)
Co

a)
a)

CO
ge0

8 0

CL1

co .4

>,
:.'

U)	 a)
cn	 in	 a
(u	 u)	 a)	 >,
c	 cu	 a)c	 o
a)
c	 L	 0

.6-5	-..=	 o	 cu
Cl)	 I	 LLJ

a)

Figure 5.2.4-1 Record Sheet Sensory Evaluation (Front Side)

91



5
..•nnn•n

•nn•n

a)

0
Tu
E

o
0 CO

Figure 5.2.4-2 Record Sheet Sensory Evaluation (Back Side)

92



Table 5.2.4-3 Sensory Attribute Definitions

Visual Thickness

Visual Creaminess

Firmness

Amount of Peaking

Stringiness

Stickiness

Homogeneity

Elasticity

Greasiness

Wetness

Oiliness

Spreadability

Creamy Feel

Thickness

Smoothness

Thermal Effect

Absorbency

Amount of Residue

Residue Tackiness

Skin Slipperiness

Skin Temperature

Skin Softness

Degree of solidity, slow flowing, dense consistency (on tilting container)

White, thick texture, opaque, peaky, smooth, rich

Resistance to compression/movement, shape conserving

Height and number of shape maintaining peaks/ridges

Length and number of strings/threads linking finger and arm

Adherence, resistance to separating finger from sample on arm

Smoothness, no lumps/particles, uniform consistency

Bounciness, stretchiness, resistance to compression/extension,
returning/springing back to original form

Thick layer, resistance to spreading, sticky/tacky, non-absorbent/film forming

Water like feel, fast flowing, sits in non-uniform patches on the skin, cooling

Slippery, very easy to spread, smooth, lubricating, easy flowing

Ease of spreading/moving sample around

Smooth, easy to spread, thick consistency, rich feel, absorbent

High viscosity, dense consistency, resistance to spreading, thick layer on
skin

No lumps/particles, uniform consistency, homogeneity

Warming or cooling effect of the samples on the skin

Soaking into the skin, leaving no residue/film

Amount of sample left on skin surface, film/layer on skin

Adherence, resistance to separating finger from residual sample on arm

Slipperiness of skin compared to normal - untreated skin

Warm or cool feel of the skin compared to normal - untreated skin

Softness of skin compared to normal - untreated skin
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5.2.5 Attribute Definitions

Panellists were asked to define each of the attributes on the sensory evaluation

record sheet (Figure 5.2.4-1, Figure 5.2.4-2). The most common responses were

used as the definitions which all panellists agreed upon. These definitions are

listed in Table 5.2.4-3.

5.2.6 Maximum and Minimum Standard Samples for Scale

Acclimatisation

Following the definition of sensory attributes, panellists decided, by consensus

decision, which materials should act as standard samples to describe and limit

each sensory scale. The chosen materials are listed in Table 5.2.6-1, which were

subsequently used by panellists to acclimatise to the minimum (0) and maximum

(10) of each 0 to 10 sensory scale.

Table 5.2.6-1 Standard Materials for Sensory Scale Maximum & Minimum Limits

Attribute Minimum Maximum

Visual Thickness
Visual Creaminess

Firmness
Amount of Peaking

Stringiness
Stickiness

Homogeneity
Elasticity

Greasiness
Wetness
Oiliness

Spreadability
Creamy Feel

Thickness
Smoothness

Thermal Effect
Absorbency

Amount of Residue
Residue Tackiness

Water
Water

Water
Water
Water
Water

Particulate Facial Scrub
Water

Water
Talcum Powder

Water
Wax

Water
Water

Particulate Facial Scrub
Acetone

Grease/Wax
Water
Water

Wax
Whipped Cream (White)

Wax
Whipped Cream

Chewing Gum (Chewed)
"Pritt" Stick (Glue Stick)

Baby Oil
Jelly

Axle Grease
Water

Cooking Oil/Baby Oil
Baby Oil

Emollient Cream
Wax/Heavy Grease

Baby Oil
"Deep Heat" Cream
Moisturising Cream

Axle Grease
"Pritt" Stick (Glue Stick)
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5.2.7 Sensory Assessment of Samples

The trends in the sensory attribute intensity values from "dry" sensory evaluation

assessments are discussed here in detail. Each sensory attribute is discussed

separately in the order of assessment (see Section 4.2.7). Table 5.2.7-1 lists the

sample codes and shows the arithmetic mean sensory values for each attribute

and sample across all panellists.

Table 5.2.7-1 Mean Sensory Attribute Intensity Values

(Based on a 0 -00 Scale)

50cs

Silicone Oils
350cs	 1000cs 12500cs 40%

W/O Silicone Emulsions
50%	 60%	 70%	 80% 5%

01W Silicone Emulsions
10%	 20%	 30%	 40%	 55%

Sample Code - 187 120 113 130 128 181 174	 155 123 161 126	 112 172 110	 170
Visual Thickness 0 69 2.90 3.77 6.14 1.49 1.80 4 78	 8.75 9.29 8.63 8.51	 8.33 8.15 8.44	 8.57

Visual Creaminess 0.77 1.88 201 2.67 3 79 4.12 6.55	 7.95 7.41 6.27 7.01	 7.49 7.67 6.87	 7.11

Firmness 0.34 1.39 2.15 5.11 1.11 1.16 1.45	 3.51 5.79 2.80 3.55	 3.32 3.21 3.77	 3.65

Amount of Peaking 0.11 0.49 0 90 2.95 0.31 0.46 1.17	 5.37 6.28 5.48 5.89	 5.88 5.56 5.43	 5.59

Stringiness 0.04 0.54 1.37 7.10 0.25 0.21 0.68	 1.49 1.31 1.48 2.08	 2.30 1.86 1.64	 2.00

Stickiness 0.21 1.13 2.28 7.79 0.49 0.68 0.96	 2.49 3.34 1.61 1.76	 1.64 2.31 2.36	 2.49

Elasticity 0.10 0.83 1.64 4.77 0.54 0 49 1.19	 3.48 5.00 2.56 3.35	 3.50 3.02 3.74	 3.82

Greasiness 1.13 3.35 5.52 7.44 1.55 1.74 2.31	 5.42 5.44 2.85 2.99	 3.20 4.27 4.03	 5.92

Wetness 2.89 1.12 0 72 0.65 3.81 3.65 3.33	 1.55 2.49 3.01 3.41	 2.21 2.82 2.29	 1.58

Oiliness 7 86 7 30 4.83 2.19 6.29 6.39 5.02	 3.66 2.88 6.10 5.53	 4.79 4.12 5.37	 3.53

Spreadability 9.04 7.85 5 98 1 90 8 55 8.25 7.66	 7.32 5.80 8.18 8.25	 8.19 7.78 7.38	 6.76

Creamy feel 331 4.00 3.30 1.29 3.99 4.71 4.68	 6.43 5.16 6.57 5.77	 7.18 6.75 6.22	 6.69

Thickness 1.67 3.49 5.77 7 80 1.71 2.47 3.86	 5.08 6.31 3.95 3.72	 3.69 4.09 4.72	 5.85

Smoothness 9.12 8.69 8.28 6.36 8 76 8.53 8.52	 8.10 7.67 8.70 8.62	 8.71 8.36 8.26	 8.31

Thermal Effect 4.91 5.08 515 5.20 4.68 4 38 3.60	 4.38 3.46 4.07 4.08	 4.21 4.50 4.78	 4.56

Absorbency 2.96 2.20 2.74 2.21 6.53 6 50 7.26	 7.58 8.65 5.98 6.82	 6.51 5.63 7.05	 5.67

Residue Amount 6.71 7.52 7.33 7.61 3.59 3.03 2.09	 2.26 1.11 3.19 3.11	 3.42 3.98 2 46	 4.44

Residue Tackiness 0.59 1.90 3.33 8.16 0.67 1.40 1.09	 3.42 3.94 2.50 2.92	 3.26 3.10 4.01	 3.79

Skin Slipperiness 5.55 5.12 4.82 4.38 5.39 4.56 4.08	 4.63 3.61 3.53 3.66	 3.11 3.44 3.96	 3.62

Skin Temp 5.08 5.04 5.11 5.14 4.95 4.79 4.37	 4.65 3.88 4.26 4.58	 4.54 4.73 4.84	 4.70

PVA/Sodium Borate Gels Beeswax/Lg. Paraffin Mix Products
A2 A3 A4 AS	 46 A7 A8 10% 20%	 30% 40% VC FM E45

Sample Code - 171 168 147 118	 133 136 177 132 158	 148 104 111 125 140
Visual Thickness 1.51 3.09 3 91 3.81	 5.14 5.91 7.49 6.96 9.07	 9.71 9.78 7.76 0.64 8.19

Visual Creaminess 0.74 1.58 2.38 1.96	 2.77 2.94 2.91 5.64 4.06	 4.62 2.18 7.44 2.81 8.11

Firmness 0.75 2.32 2.09 4.10	 2.48 3.59 5.84 2.06 5.49	 6.79 7.77 2.83 0.16 3.61

Amount of Peaking 0.29 1.09 1.11 1.46	 0.89 1.30 0,60 1.41 6.21	 7.30 1.80 6.44 0.07 7.99

Stringiness 036 6.16 5.82 5.83	 5.93 6.52 5.92 0.47 1.91	 1.64 0.43 114 0.09 1.85

Stickiness 0 46 2.21 2.17 3.31	 2.21 3.15 3.21 1.03 5.41	 5.47 5.88 1.95 0.24 2.71

Elasticity 0.60 2.65 2 29 6.07	 3.42 4.95 7.61 1.07 4.83	 5.53 6.36 1.46 0.20 2.61

Greasiness 0.49 1.75 0.63 1.33	 1.29 1.22 1.61 4.27 6.81	 7.16 7.64 2.05 0.97 2.61

Wetness 7.22 486 7.57 5.91	 6.57 6.69 4.14 0.87 0.66	 0.52 1.12 4.29 7.62 3.55

Oiliness 2.39 4.00 2.79 3.02	 2.74 2.86 2.84 6.66 3.18	 3.45 1.44 5.95 2.61 5.09

Spreadability 684 6.61 7.39 6.01	 7.02 6.78 4.11 8.08 6.62	 5.48 4.50 8.11 7.52 8.35

Creamy feel 2.13 2.54 2.78 1.82	 3.22 2.25 2.18 4.99 5.55	 5.45 4.24 6.12 3.39 7.93

Thickness 1.53 2.96 1.96 4.24	 2.26 2.83 5.03 3.15 5.84	 6.09 7.30 2.76 1.40 4.23

Smoothness 6.82 8.29 7.57 4.49	 7.94 7.43 6.30 8.74 8.11	 7.33 5.22 8.57 7.14 8.74

Thermal Effect 3.72 3.76 3.36 3.63	 3.58 3.99 4.28 5.11 5.11	 5.11 5.28 3.74 3.71 4.08

Absorbency 7.53 7.12 7.99 5.65	 8.30 6.95 4.76 1.61 2.74	 3.21 4.10 6.51 7.65 5.43

Residue Amount 3 35 2.51 3.20 4.36	 2.95 2.78 4.78 8.37 7.45	 6.75 5.42 3.25 2.35 4.98

Residue Tackiness 3.62 3.84 3 83 4.19	 2.79 3.26 3.85 1.25 3.90	 3.74 4.69 2.45 1.41 1.98

Skin Slipperiness 5.48 506 5.25 5.99	 5.71 5.54 5.41 4.11 4.00	 3.22 3.45 2.84 4.95 3.76

Skin Temp 4.52 4.67 4.59 4.46	 4.65 4.61 4.71 5.22 5.07	 5.12 5.12
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5.2.7.1 Visual Thickness
Figure 5.2.7-1 shows the visual thickness response for all samples. Visual

thickness showed the largest spread of intensities of all the attributes - ranging

from 0.64 for Anne French Deep Cleansing Milk (very thin consistency) up to 9.78

for the 40% beeswax/liquid paraffin sample (the thickest sample). Visual thickness

values generally increased consistently across each sample set, except for the

01W silicone emulsions, where values were all concentrated around 8.5.

Figure 5.2.7-1 Graph of Visual Thickness Mean Values

• Silicone oils showed consistently increasing visual thickness values with

increasing viscosity. Values were all fairly low and ranged from 0.69 up to 6.14

for samples 50 cs and 12500 cs respectively.

• W/O silicone emulsions showed increasing visual thickness ratings with

increasing volume fraction of water-in-oil. The thinnest (liquid like) samples

(40% & 50% W/0) had visual thickness values of 1.49 and 1.80 respectively

and the thickest cream-like samples (70% & 80% W/0) were respectively at

8.75 and 9.29 on the scale, the latter two being visually thicker than all the 01W

samples.

• 0/W silicone oil samples all showed very similar, large, visual thickness values,

since all samples appeared solid-like. Values ranged from 8.15 to 8.63.

• PVA/Sodium borate gel samples showed consistently increasing visual

thickness values as the volume fraction of sodium borate was increased.

Values ranged from 1.51 up to 7.49.
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Figure 5.2.7-2 Graph of Visual Creaminess Mean Values

• Beeswax/liquid paraffin samples also increased in visual thickness with

increasing volume fraction (of beeswax in liquid paraffin), although all values

were high, ranging from 6.96 up to 9.78 for the 10% and 40% samples

respectively.

• For the branded products, Cream E45 was the thickest, visually, with a value of

8.19. Vaseline Intensive Care Lotion was similar, with a value of 7.76, and

Anne French Deep Cleansing Milk was the thinnest sample overall with a value

of 0.64

5.21.2 Visual Creaminess

Figure 5.2.7-2 shows the visual creaminess response for all samples. Visual

creaminess values ranged from 0.74 up to 8.27. Samples were observed to lie

approximately within two brackets of behaviour, low-visually creamy samples were

centred around a visual creaminess value of 2, whereas the more visually creamy

samples were centred around 7 on the scale.

• Silicone oils were all very low on the visual creaminess scale, although values

did increase consistently from 0.77 up to 2.67 with increasing viscosity (for

samples 50 cs and 12500 cs respectively).

• The visual creaminess values of the W/O silicone emulsions increased with

increasing volume fraction, ranging from 3.79 up to 7.41. Higher volume

fraction (� 60%) samples were particularly visually creamy with values in

excess of 6.5
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Figure 5.2.7-3 Graph of Firmness Mean Values

• 01W silicone emulsions were all at the top end of the visual creaminess scale.

Values ranged from 6.87 up to 8.27.

• PVA/sodium borate gels were all very low on the visual creaminess scale.

Values ranged from 0.74 up to 2.94.

• Beeswax/liquid paraffin samples were distributed around 4.5, mid range on the

visual creaminess scale, except for the highest (40%) volume fraction sample

which had a lower value of 2.18.

• Cream E45 was the creamiest branded product visually, with a value of 8.11.

Vaseline Intensive Care Lotion was close behind with a value of 7.76. Anne

French Deep Cleansing Milk was low on the scale, at 2.81.

5.2.7.3 Firmness
Figure 5.2.7-3 shows the firmness (pick-up) response for all samples. Firmness

was rated by dabbing samples onto the forearm. The responses ranged from 0.16

up to 7.77. The majority of samples were rated with a low firmness value (less

than 4).

• Firmness increased consistently with increasing viscosity for the silicone oils.

Values ranged from 0.34 up to 5.11 for samples 50 cs and 12500 cs

respectively.

• For the W/0 silicone emulsions, firmness increased gradually with increasing

volume fraction from 40% up to 60% (1.11 up to 1.45) and then continued to
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increase more dramatically up to 3.51 and then 5.79 for the thickest samples

(70% & 80% respectively).

• Firmness values for the 01W silicone emulsions were centred around 3.5

except for the lowest volume fraction sample (5% 01W) which had a value of

2.80.

• Firmness values for PVA/sodium borate gels showed the widest spread of all

the sample sets. Firmness values increased with increasing volume fraction of

sodium borate, from 0.75 up to 5.84.

• Beeswax/liquid paraffin samples were generally high up on the firmness scale,

also showing a steady increase in the firmness rating with increasing volume

fraction. 10% beeswax in liquid paraffin sample was 2.06 on the firmness scale

and the 40% sample was the firmest sample overall samples, with a value of

7.77.

• Anne French Deep Cleansing Milk was the least firm sample overall, with a

very low value of 0.16. Vaseline Intensive Care Lotion had an intermediate

value of 2.83 and Cream E45, a slightly higher value of 3.61.

5.2.7.4 Amount of Peaking
Figure 5.2.7-4 shows the amount of peaking (pick-up) response for all samples.

Two distinct types of behaviour were observed - peaky samples (generally

solid/cream-like) showed values above 5 on the peakiness scale, and negligibly

peaky/non-peaky samples (generally liquid-like) were below 2. The whole range

went from 0.07 up to 7.99.

• Silicone oils all showed low peakiness values, however a steady increase with

increasing viscosity was apparent. Values ranged from 0.11 up to 2.95 for

samples 50 cs and 12500 cs respectively.

• W/0 silicone oil emulsion samples of volume fractions 40% up to 60% were

negligibly peaky with values ranging from 0.31 up to 1.17 respectively. The

higher volume fraction samples (70% & 80%) were peaky, with values of 5.37

and 6.28 respectively.
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Figure 5.2.7-4 Graph of Amount of Peaking Mean Values

• All 01W samples were peaky with very similar values centred around 5.5.

• PVA/sodium borate gels were negligibly peaky, all with low values ranging from

0.29 up to 1.46.

• Mid range volume fraction samples of beeswax in liquid paraffin (20% and

30%) were very peaky with values of 6.21 and 7.30 respectively, whilst the

highest (40%) and lowest (10%) volume fraction samples were much less

peaky with low values of 1.80 and 1.41 respectively.

• Anne French Deep Cleansing Milk was the sample with the lowest peakiness

value of 0.07. Cream E45 had the highest peakiness value overall of 7.99.

Vaseline Intensive Care Lotion was also very peaky with a value of 6.44.

5.2.7.5 Stringiness
Figure 5.2.7-5 shows the stringiness (pick-up) response for all samples. The

majority of samples were negligibly stringy with values of less than 2. Samples

that were stringy (the PVA/sodium borate gels and highest viscosity silicone oil)

had values around 6 on the scale.
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Figure 5.2.7-5 Graph of Stringiness Mean Values

• Stringiness gradually increased from 0.04 to 1.37 with increasing silicone oil

viscosity up to sample 1000 cs, followed by a dramatic increase in stringiness

for the most viscous sample 12500 cs at a stringiness value of 7.10.

• VV/O silicone emulsions were all very low on the stringiness scale, with values

ranging from 0.25 up to 1.49.

• 01W silicone emulsions were all similarly low on the stringiness scale, with

values ranging from 1.48 up to 2.30 (slightly higher than the W/O values).

• All but the lowest sodium borate volume fraction sample of the PVA/sodium

borate gels were very stringy, with values centred around 6. The lowest volume

fraction sample had a low value of 0.36.

• Beeswax/liquid paraffin samples were all low on the stringiness scale. The 10%

and 40% volume fraction samples were slightly lower on the scale with values

of 0.47 and 0.43 respectively. Samples 20% & 30% had slightly higher values

of 1.91 and 1.64 respectively.

• Anne French Deep Cleansing Milk was not stringy with a value of 0.09.

Vaseline Intensive Care Lotion had a low stringiness value of 1.14, and Cream

E45 had a slightly higher value of 1.85.

5.2.7.6 Stickiness
Figure 5.2.7-6 shows the stickiness (pick-up) response for all samples. The

majority of samples were not particularly sticky, with stickiness values of less than

3. The whole stickiness range extended from 0.21 up to 7.79. The stickiest
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samples, with values greater than 5, were the higher volume fraction

beeswax/liquid paraffin samples, and the highest viscosity silicone oil.
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Figure 5.2.7-6 Graph of Stickiness Mean Values

• The silicone oils showed the largest spread of stickiness behaviour with

consistently increasing stickiness with volume fraction. 50 cs silicone oil was

the overall least sticky sample with a value of 0.21, and 12500 cs silicone oil

was the stickiest sample overall with a value of 7.79.

• All W/O silicone emulsions were low on the stickiness scale. The stickiness did,

however, increase consistently with increasing volume fraction. Values ranged

from 0.49 for the 40% volume fraction sample, up to 3.34 for 80% sample.

• The 01W silicone emulsions all exhibited low stickiness. They were clustered in

2 groups - the lower volume fraction samples (5% up to 20%) were centred

around a stickiness value of 1.7, whilst the higher volume fraction samples

(30% to 55%) were centred around 2.4 on the stickiness scale.

• Stickiness of the PVA/sodium borate gels generally increased with increasing

sodium borate volume fraction. Stickiness values ranged from 0.46 up to 3.31.

• Beeswax/liquid paraffin samples were generally the stickiest samples overall,

except for the lowest volume fraction sample (10%) with a value of 1.03.

Samples 20%, 30% and 40% had stickiness values of 5.41, 5.47 and 5.88

respectively.

• Generally the branded products were not particularly sticky. Cream E45 was

the stickiest product, with a value of 2.71. Vaseline Intensive Care Lotion was
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slightly less sticky, with a value of 1.95, and Anne French Deep Cleansing Milk

was not sticky, with a low value of 0.24.

5.21.7 Elasticity
Figure 5.2.7-7 shows the elasticity (pick-up) response for all samples. There was

a good spread of values, ranging from 0.10 up to 7.61. The most elastic samples

tended to be PVA/sodium borate gels or beeswax/liquid paraffin samples.
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Figure 5.2.7-7 Graph of Elasticity Mean Values

• The silicone oil samples all showed a consistent increase in elasticity with

increasing viscosity. The 50 cs sample showed an elasticity of 0.10 (the lowest

of all samples), increasing up to 4.77 for the 12500 cs silicone oil.

• W/O silicone emulsions also showed a consistently increasing elasticity with

increasing volume fraction. Values ranged from 0.49 up to 5.00.

• The 01W silicone emulsions spanned a much smaller range of elasticity,

although an approximate increase in elasticity was also noticed with increasing

volume fraction. Values ranged from 2.56 up to 3.82.

• PVA/sodium borate gels showed the largest spread in elasticity values. Values

increased consistently from 0.60 up to 7.61 with increasing sodium borate

volume fraction.

• Beeswax/liquid paraffin samples also increased consistently in elasticity with

increasing volume fraction. The 10% sample had a value of 1.07, increasing to

much higher values of 4.83, 5.53 & 6.36 as volume fraction increased from 20%

to 30% to 40% respectively.
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• The branded products were all low on the elasticity scale. Cream E45 was the

most elastic, with a value of 2.61, followed by Vaseline Intensive Care Lotion,

which was less elastic - with a value of 1.46, and finally - Anne French Deep

Cleansing Milk, which was negligibly elastic with a value of 0.20.

5.2.7.8 Greasiness
Figure 5.2.7-8 shows the greasiness (rub-out) response for all samples. Values

were evenly spread throughout the range from 0.49 up to 7.64.

Figure 5.2.7-8 Graph of Greasiness Mean Values

• The silicone oils showed the largest range of behaviour, with consistently

increasing greasiness values with increasing viscosity, ranging from 1.13 for

the least viscous sample (50 cs), up to 7.44 for the most viscous sample

(12500 cs).

• The liquid-like W/O silicone emulsion samples, i.e. the lowest volume fraction

samples, all showed low greasiness values: 1.55, 1.74 & 2.31 for 40%, 50% &

60% samples respectively, whilst the cream-like samples, 70% and 80%, were

more greasy, with values of 5.42 and 5.44 respectively.

• 01W silicone emulsions generally showed increasing greasiness values with

increasing volume fraction. Values ranged from 2.85 up to 5.92.

• PVA/sodium borate gels all showed similar behaviour and were all very low on

the greasiness scale, with values ranging from 0.49 up to 1.75.
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• Beeswax/liquid paraffin samples were generally the greasiest samples overall,

with the 40% sample having a value of 7.64. Greasiness decreased

consistently with decreasing volume fraction: for the 30%, 20% & 10% samples,

greasiness reduced from 7.16 to 6.81 to 4.27 respectively.

• All branded products were not particularly greasy. Cream E45 was the

greasiest, with a value of 2.61, followed by Vaseline Intensive Care Lotion,

which was less greasy - with a value of 2.05, and finally - Anne French Deep

Cleansing Milk which was the least greasy product with a value of 0.97.

5.2.7.9 Wetness
Figure 5.2.7-9 shows the wetness (rub-out) response for all samples. Values

ranged from 0.52 up to 7.62. Obvious groupings were noticed. PVA/sodium borate

gels were the wettest samples, whilst beeswax/liquid paraffin samples and

silicone oils were the least wet samples, with the emulsion systems appearing in

mid-range.
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Figure 5.2.7-9 Graph of Wetness Mean Values

• Silicone oils were all generally low on the wetness scale, except for sample

50 cs (the thinnest sample) which was slightly wetter, at a value of 2.89.

Wetness decreased with increasing viscosity from 1.12 to 0.72 to 0.65 for

samples 350 cs, 1000 cs and 12500 cs respectively.

• W/O silicone emulsions were in mid range on the wetness scale, with values

ranging from 1.55 up to 3.81. A decrease in wetness was apparent with

increasing volume fraction, except for the 80% W/O sample, where the high
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volume fraction of water caused a deviation from this trend to a slightly higher

wetness value of 2.49

• 01W silicone emulsions were also in the mid range of the wetness scale.

Wetness values approximately decreased with increasing volume fraction,

ranging from 3.41 down to 1.58.

• The PVA/sodium borate gels were the wettest samples, with wetness values

ranging from 4.14 up to 7.57. No significant trends were noticed with sodium

borate volume fraction.

• Beeswax/liquid paraffin samples were the least wet samples and all very

similar, with very low wetness values ranging from 0.52 up to 1.12.

• Anne French Deep Cleansing Milk was the wettest sample overall, with a value

of 7.62. Vaseline Intensive Care Lotion was not as wet, with a value of 4.29,

followed by Cream E45, which was at 3.55.

5.2.7.10 Oiliness
Figure 5.2.7-10 shows the oiliness (rub-out) response for all samples. Values

ranged from 1.44 up to 7.86.
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Figure 5.2.7-10 Graph of Oiliness Mean Values

• Silicone oils showed a consistently decreasing oiliness with increasing

viscosity. The thickest sample (12500 cs) was the least oily, with a value of

2.19, and the thinnest sample (50 cs), the oiliest sample overall, with a value of

7.86.
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• Oiliness decreased consistently with increasing W/O volume fraction for the

W/O silicone emulsions. The 40% and 50% samples had similar oiliness values

of 6.35, which decreased to 5.02 then to 3.66 and 2.88 with increasing volume

fractions: 60%, 70% & 80% respectively.

• 01W silicone emulsion samples showed generally decreasing oiliness values

with increasing volume fraction. Values ranged from 6.10 down to 3.53.

• PVA/sodium borate gels all showed similar low oiliness behaviour. Values

ranged from 2.39 to 4.00.

• Beeswax/liquid paraffin samples showed a wide range of behaviour. The

highest volume fraction sample (40%) was the least oily of all samples, with a

value of 1.44. As volume fraction decreased so the oiliness value increased up

to 6.66 for the 10% sample.

• Vaseline Intensive Care Lotion was the oiliest branded product, with a value of

5.95. Cream E45 was slightly less oily at 5.09. Anne French Deep Cleansing

Milk was the least oily product, with a value of 2.61.

5.2.7.11 Spreadability
Figure 5.2.7-11 shows the spreadability (rub-out) response for all samples. Values

ranged from 1.90 up to 9.04, although it is clear from the graph that most samples

were easy to spread with values greater than 6 on the spreadability scale.
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• The silicone oils showed the largest range of spreadability behaviour of all the

samples. The 50 cs sample was the most spreadable overall with a value of

9.04, as viscosity increased the spreadability decreased: 350 cs was at 7.85,

1000 cs was at 5.98 and 12500 cs was the least spreadable sample overall,

with a value of 1.90.

• The W/O silicone emulsions showed consistently reducing spreadability from

8.55 down to 5.80 as the volume fraction increased from 40% to 80%

respectively.

• The 01W silicone emulsions showed a similar trend 5%, 10% and 20% samples

were the most spreadable, with similar values around 8.2. As volume fraction

increased, spreadability decreased consistently down to 6.76 for the highest

volume fraction sample (55%).

• PVA/sodium borate gels were in the mid to low spreadability range, with the

thickest sample at a value of 4.11 ranging up to 7.39 for the thinner samples

(the lower sodium borate volume fraction samples).

• Spreadability of the beeswax/liquid paraffin samples consistently decreased

with increasing volume fraction. The 40% sample was the least spreadable,

with a value of 4.50, and the 10% sample was the most spreadable, with a

value of 8.08.

• Cream E45 was the most spreadable branded product, with a value of 8.35.

Vaseline Intensive Care Lotion was similar at 8.11. Anne French Deep

Cleansing Milk was in mid range, with a spreadability value of 7.52.

5.2.7.12 Creamy Feel
Figure 5.2.7-12 shows the creamy feel (rub-out) response for all samples. Creamy

feel responses ranged from 1.29 up to 7.93, with a wide spread of behaviour.
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Figure 5.2.7-12 Graph of Creamy Feel Mean Values

• Silicone oils were all fairly low on the creamy feel scale. Sample 12500 cs was

the least creamy sample overall, with a value of 1.29. Samples 50 cs and

1000 cs were very similar with a value of 3.30, whilst the 350 cs sample was

judged as the creamiest silicone oil, with a value of 4.00.

• The 70% W/O silicone emulsion sample was the creamiest, with a value of

6.43. The thinnest sample (40% volume fraction) was the least creamy at 3.99.

The other samples were in mid range, centred around 5.0.

• The 01W silicone emulsions were all similarly creamy and generally more

creamy than the W/0 emulsions, values ranged from 5.77 to 7.18. No particular

trends within the sample set were apparent.

• PVA/sodium borate gels all showed very similar behaviour - they were the least

creamy samples, with values ranging from 1.82 to 3.22. No particular trends

within the sample set were apparent.

• Beeswax/liquid paraffin samples showed mid range creamy feel behaviour. The

highest volume fraction sample (40%) was the least creamy, with a value of

4.24. The 20% and 30% samples were the creamiest beeswax/liquid paraffin

samples, with similar values at 5.5. The 10% sample had an in between value

of 4.99.

• Cream E45 was the most creamy of all samples evaluated. The creamy feel

value was 7.93. Vaseline Intensive Care Lotion was also fairly creamy with a

value of 6.12. Anne French Deep Cleansing Milk was not particularly creamy,

with a lower value of 3.39.
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5.2.7.13 Thickness
Figure 5.2.7-13 shows the thickness (rub-out) response for all samples. Values

ranged from 1.40 up to 7.80. A reasonable spread of responses was apparent.
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Figure 5.2.7-13 Graph of Thickness Mean Values

• The silicone oils showed the widest spread of thickness responses. Thickness

increased consistently with increasing sample viscosity. The values were 1.67,

3.49, 5.77 & 7.80 for samples 50 cs, 350 cs, 1000 cs and 12500 cs

respectively. The 12500 cs sample was the thickest out of all samples

evaluated.

• The VV/O silicone emulsions showed consistently increasing thickness

responses with increasing volume fraction. Values ranged from 1.71 up to 6.31,

for the thinnest to the thickest samples (40% up to 80%).

• The lower volume fraction 01W silicone oils ( � 30%) all showed similar

thickness behaviour at around 3.9. As volume fraction increased to 40% and

then to 55%, the thickness response also increased to 4.72 and to 5.85

respectively.

• PVA/sodium borate gels showed low to intermediate thickness behaviour,

ranging from 1.53 up to 5.03 for the lowest to the highest sodium borate volume

fraction samples respectively. Intermediate samples did not follow any trend

and lay between values of 1.96 and 4.24.

• Beeswax/liquid paraffin samples showed consistently increasing values of

thickness with increasing volume fraction. Values were 3.15, 5.84, 6.09 & 7.30
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for 10%, 20%, 30% & 40% samples respectively. The latter 3 samples were in

the thickest quarter of all samples.

• The branded products were generally of low thickness. Anne French Deep

Cleansing Milk was the least thick (thinnest) sample overall, with a value of

1.40. Vaseline Intensive Care Lotion was somewhat thicker, with a value of

2.76, and Cream E45 was the thickest branded product, with a value of 4.24.

5.2.7.14 Smoothness
Figure 5.2.7-14 shows the smoothness (rub-out) response for all samples. It is

clear from the graph that most samples were very smooth with values in excess

of 7. Overall, values ranged from 4.49 up to 9.12.

Figure 5.2.7-14 Graph of Smoothness Mean Values

• The silicone oils showed a sharpening reduction of smoothness with increasing

sample viscosity. Values dropped from 9.12 to 8.69 to 8.28 to 6.36 for samples

50 cs, 350 cs, 1000 cs and 12500 cs respectively.

• W/O silicone emulsions showed a consistently small decrease in smoothness

with increasing volume fraction. Smoothness decreased from 8.76 down to

7.67.

• 0/W silicone emulsions all showed similar smoothness values centred around

8.5.

• PVA/sodium borate gels were the least smooth samples overall. Values ranged

from 8.29 down to 4.49. No obvious trends were apparent.
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• Beeswax/liquid paraffin samples showed consistently reducing smoothness

values with increasing volume fraction. The range of observed behaviour was

larger than any of the other sample sets. The highest volume fraction sample

(40%) was the least smooth, with a value of 5.22. The lowest volume fraction

sample (10%) was the smoothest, with a value of 8.74.

• All branded products were rated as fairly smooth. Anne French Deep Cleansing

Milk had a value of 7.14, Vaseline Intensive Care Lotion had a value of 8.57

and Cream E45 was at 8.74.

5.2.7.15 Thermal Effect
Figure 5.2.7-15 shows the thermal effect (rub-out) response for all samples. A

value of 5 on this scale indicated zero thermal effect (no warming or cooling

effect). A value less than 5 indicated that the sample imparted a cooling effect on

the skin, whilst a value greater than 5 meant the sample had a warming effect. As

can be seen from the graph, thermal effect did not show much variation, with a

narrow range of 3.36 up to 5.28. Most samples imparted a slight cooling effect to

the skin.

Figure 5.2.7-15 Graph of Thermal Effect Mean Values

• Although the variation of observed behaviour was very small, the silicone oils

consistently imparted slightly increasing warming effects on the skin with

increasing viscosity. Values were 4.91, 5.08, 5.15, 5.20 for samples 50 cs,

350 cs, 1000 cs and 12500 cs.
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• The W/0 silicone emulsions were all cooling, with the highest volume fraction

sample (80%) imparting the greatest cooling effect at a thermal effect value of

3.46. The lowest volume fraction sample (40%) showed the smallest cooling

effect at a value of 4.68.

• 01W silicone emulsions were all slightly cooling with values ranging between

4.07 and 4.78. An approximate trend was noticed - the lower volume fraction

samples were more cooling than the higher volume fraction samples (but not as

cooling as the high volume fraction W/O emulsions).

• PVA/sodium borate gels were generally the most cooling samples overall.

Thermal effect values ranged from 4.28 down to 3.36.

• Beeswax/liquid paraffin samples all imparted a slightly warming effect on the

skin. As volume fraction increased, warming effect also increased slightly.

Values for 10%, 20% and 30% volume fraction samples were all the same at

5.11, the warming effect increased to 5.28 for the 40% sample.

• All branded products were slightly cooling. Anne French Deep Cleansing Milk

had a value of 3.71, Vaseline Intensive Care Lotion was similar at 3.74, and

Cream E45 had a value of 4.08.

5.2.7.16 Absorbency
Figure 5.2.7-16 shows the absorbency (rub-out) response for all samples. A wide

range of behaviours was present, ranging from 1.61 up to 8.65. The silicone oils

and beeswax/liquid paraffin samples were the least absorbent, with values less

than 4.

• Silicone oils were all similarly minimally absorbent, although the 50 cs sample

was slightly more absorbent than the others. Values ranged from 2.20 to 2.96.

• The W/0 silicone emulsions were all fairly absorbent and showed increasing

absorbency with increasing W/0 volume fraction. The 80% sample was the

most absorbent sample of all samples that were evaluated, with a value of 8.65.

The lowest volume fraction samples (40% and 50%) were less absorbent, with

values around 6.50.
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Figure 5.2.7-16 Graph of Absorbency Mean Values

• 01W silicone emulsions all showed similar intermediate absorbency behaviour,

ranging from 5.63 up to 7.05. No trends were apparent with changing volume

fraction.

• PVA/sodium borate gels were mid- to highly absorbent. Values ranged from

4.76 up to 8.30. The gel with the highest volume fraction of sodium borate was

the least absorbent, but no trends were apparent.

• Beeswax/liquid paraffin samples were very minimally absorbent. Absorbency

did however consistently increase slightly with increasing volume fraction.

Values ranged from 1.61 for the 10% sample (the least absorbent of all

samples evaluated) up to 4.10 for the 40% volume fraction sample.

• Anne French Deep Cleansing Milk was the most absorbent branded product,

with a value of 7.65. Vaseline Intensive Care Lotion was also absorbent, with a

value of 6.51, and finally Cream E45 was slightly less absorbent, with a value

of 5.43.

5.2.7.17 Amount of Residue
Figure 5.2.7-17 shows the amount of residue (rub-out) response for all samples. A

good spread of responses was apparent, ranging from 1.11 up to 8.37. The

silicone oils and beeswax/liquid paraffin samples clearly left the largest amount of

residue.
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Figure 5.2.7-17 Graph of Amount of Residue Mean Values

• The silicone oils all left a large amount of residue on the skin. The 50 cs

sample had a value of 6.71, whilst the higher viscosity silicone oils all left a

similar higher amount of residue, i.e. around 7.5.

• The higher volume fraction W/0 silicone emulsions (60%, 70% & 80%) left less

residue (< 2.3) than any other sample that was evaluated. Amount of residue

increased consistently with decreasing volume fraction. Values ranged from

1.11 up to 3.59.

• 01W silicone emulsions all left a similar small amount of residue, ranging from

2.46 up to 4.44. No trends were apparent with volume fraction.

• PVA/sodium borate gels all left similar amounts of residue, ranging from 2.51

up to 4.78. No trends were apparent with volume fraction, although the thickest

sample left the most residue (4.78).

• Beeswax/liquid paraffin samples left a large amount of residue, similar to the

silicone oils. Amount of residue increased consistently with decreasing volume

fraction. Values were 5.42, 6.75, 7.45 & 8.37 for samples 40%, 30%, 20% &

10% respectively.

• Anne French Deep Cleansing Milk left the least amount of residue of all the

branded products, with a value of 2.35. Vaseline Intensive Care Lotion had a

value of 3.25, and Cream E45 left slightly more residue, with a value of 4.98.

5.2.7.18 Residue Tackiness
Figure 5.2.7-18 shows the residue tackiness (rub-out) response for all samples.

The residue of most samples was not very tacky, with values between 0.59 and
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4.00. Only two samples had tackier residues than this, they were the thickest

beeswax/liquid paraffin sample (40%) at 4.69 and the thickest silicone oil

(12500 cs) at a much higher value of 8.16.

Figure 5.2.7-18 Graph of Residue Tackiness Mean Values

• The silicone oils showed a much larger variation in residue tackiness than any

other sample set, including the most and least residue tacky samples overall.

Residue tackiness consistently increased with increasing silicone oil viscosity.

Values were 0.59, 1.90, 3.33 & 8.16 for samples 50 cs, 350 cs, 1000 cs &

12500 cs respectively.

• Residue tackiness generally increased with increasing volume fraction of the

W/O silicone emulsions. Values were low and ranged from 0.67 up to 3.94.

• The 01W samples all had similar low to mid range values of residue tackiness.

An approximate increase in residue tackiness with increasing volume fraction

was apparent. Value ranged from 2.50 up to 4.01.

• PVA/sodium borate gels showed low to mid range residue tackiness values,

ranging from 2.79 up to 4.19. No trends were noticed with volume fraction.

• Beeswax/liquid paraffin samples showed an approximate increase in residue

tackiness with increasing volume fraction. The highest volume fraction sample

(40%) had a value of 4.69 and the lowest volume fraction sample (10%) had a

value of 1.25.

• Branded products were all minimal in residue tackiness. Vaseline Intensive

Care Lotion had a value of 2.45, Cream E45 was slightly less tacky, with a
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value of 1.98, and Anne French Deep Cleansing Milk was the least tacky with a

value of 1.41.

5.2.7.19 Skin Slipperiness
Figure 5.2.7-19 shows the skin slipperiness (after-feel) response for all samples.

A value of 5 on this scale indicated zero effect, i.e. no difference in skin

slipperiness when compared to normal untreated skin. A value less than 5

indicated that the sample left the skin feeling less slippery than normal untreated

skin, whilst a value greater than 5 meant the sample had made the skin more

slippery than normal untreated skin. The majority of samples left the skin slightly

less slippery than normal, and only a few samples (including all the PVA/sodium

borate gels) had a minor effect at making the skin feel more slippery afterwards.

Values ranged from 2.84 up to 5.99.
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Figure 5.2.7-19 Graph of Skin Slipperiness Mean Values

• The silicone oil samples consistently left an increasingly slippery after-feel with

decreasing viscosity. The thinnest sample (50 cs) and the 350 cs sample left

the skin slightly more slippery than normal untreated skin with values of 5.55

and 5.12 respectively. The higher viscosity samples left the skin less slippery

than normal untreated skin with values for samples 1000 cs and 12500 cs, 4.82

and 4.38 respectively.

• The W/O silicone emulsions generally made the skin less slippery with

increasing volume fraction. Values ranged from 5.39 down to 3.61 for samples
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40% up to 80% respectively. Only the lowest volume fraction sample (40%) left

the skin more slippery than normal untreated skin.

• The 01W silicone emulsions all left the skin less slippery than normal untreated

skin. The 01W system left the skin less slippery than the W/O system. Values

for the 01W emulsions ranged from 3.96 down to 3.11. No trends with volume

fraction were noticed.

• All PVA/sodium borate gel samples left the skin slightly more slippery than

normal untreated skin. Values ranged from 5.06 up to 5.99. No trends with

volume fraction were noticed amongst the samples.

• All the beeswax/liquid paraffin samples left the skin less slippery than normal

untreated skin. The higher volume fraction samples (30% & 40%) had the

greatest effect, with similar values around 3.30. The samples 10% and 20%

had values of 4.11 and 4.00 respectively.

• Vaseline Intensive Care Lotion, out of all samples evaluated, left the skin the

least slippery with a low value of 2.84. Cream E45 was not so extreme, with a

value of 3.76. Anne French Deep Cleansing Milk showed virtually no effect on

skin slipperiness, with a value of 4.95.

5.2.7.20 Skin Temperature
Figure 5.2.7-20 shows the skin temperature (after-feel) response. A value of 5 on

this scale indicated zero effect, i.e. the affected skin did not feel warmer or cooler

than normal untreated skin. A value less than 5 indicated that the sample had left

the skin feeling cooler than normal untreated skin, whilst a value greater than 5

meant the sample had left the skin feeling warmer. As can be seen from the graph

all the values were very close to 5, indicating that skin temperature did not show

much variation (and even less variation than the associated thermal effect

attribute in Section 5.2.7.15, and the lowest variation of any sensory attribute).
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Figure 5.2.7-20 Graph of Skin Temperature Mean Values

• The silicone oils all left very similar, slightly warming after-feel effects on the

skin. Values ranged from 5.04 to 5.14. The higher viscosity silicone oils left the

skin feeling very slightly warmer than the low viscosity silicone oils.

• The VV/O silicone emulsions showed the largest skin temperature effect (all

were slightly cooling), ranging from 4.95 down to 3.88 for samples 40% up to

80% volume fraction respectively. Increasing volume fraction consistently

caused a slight decrease in skin temperature.

• The 01W silicone emulsions were all cooling, but did not show as large a

variation as the W/0 emulsions, i.e. the 01W samples ranged from 4.84 down

to 4.26. The lowest volume fraction sample (5%) reduced the skin temperature

the most, with a value of 4.26, as volume fraction increased the cooling effect

was less.

• The PVA/sodium borate gels were all cooling and had very similar skin

temperature values centred around 4.5 (ranging from 4.46 to 4.71).

• Beeswax/liquid paraffin samples were similar to the behaviour of the silicone

oils and were all slightly warming, ranging from 5.07 up to 5.22.

• Skin temperature was not measured for the branded products.
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5.3 ANALYSIS OF SENSORY ASSESSMENTS

5.3.1 Distribution and Central Tendency

Figure 5.3.1-1 shows the distribution of panellists' sensory responses for three

different samples. The graphs show visual thickness responses for: Anne French

Deep Cleansing Milk, PVA/sodium borate gel A6 and 40% beeswax/liquid

paraffin. Anne French Deep Cleansing Milk was the least visually thick sample

(0.64 on the scale), the PVA/sodium borate gel sample A6 was at mid range, 5.14,

and the 40% beeswax/liquid paraffin sample was the most visually thick at 9.78.

The three graphs showed that at limiting low and high values, i.e. near 0 and 10

on the scale, the distributions of responses were narrow, indicating that the

panellists were in close agreement with each other on the sensory intensity

values. For the mid range sample, (the PVA/sodium borate gel), the distribution

width of sensory responses was much wider, indicating that panellists were not in

such close agreement and that this sample was more difficult to evaluate for

visual thickness. The above effect was true for all the sensory attributes evaluated

in this study. Samples which were approaching the limits on a particular sensory

scale were rated in much closer agreement than mid range samples, the latter

resulting in wider distributions of responses.

The values of sensory attribute intensity which were used in Section 5.2.7, to

illustrate trends in behaviour amongst samples, were arithmetic mean values

across all panellists. This method was the most suitable value of central tendency

extracted from the distribution of panellists' scores. Mode and median values were

not used since they were not as sensitive to differences between samples. For

example, the mode and median values of the 40% beeswax/liquid paraffin sample

were 10 and 9.8 respectively, whilst the mean value was slightly lower at 9.78; the

30% beeswax/liquid paraffin sample had identical mode and median values (10 &

9.8) but with a lower mean value of 9.71. This indicated that the arithmetic mean

was a more useful measure of central tendency, since it picked out a real

rheological difference, (i.e. lower volume fraction and hence lower viscosity),

which was not detected using the mode or median values of central tendency.

This was generally the case for all samples.

120



0
C
CD
7
a-
a)

u_

11

10

7

6

Frequency Distribution of Visual Thickness Responses
for: Anne French Deep Cleansing Milk

T	 .-,	 7	 .1,	 7	 I,	 7	 1	 7	 I	 "T'	 I	 7	 I	 7	 .1,	 7	 a	 7	 t

Sensory Intensity Brackets (from 0 —> 10 Scale)

>,
0
C
W
7
a-
a)

LL

3

2

Frequency Distribution of Visual Thickness Responses
for: PVA/Sodium Borate Gel A6

in	 —•	 LO	 C.	 LEI	 01	 1.4,	 , 	 Li,	 LO	 1.0	 CD	 LO	 C--	 co	 Lo

'''	 T	 T '	 T	 "	 T	 "	 T	 ' 	 T	 ""	 T	 ' 	 T

1	 2	 i	 '	 2	 n	 t	 ,T,	 -.1;	 -	 i	 LL:;'	 I	 t2	 L't	t.1	7	
T

Sensory Intensity Brackets (from 0_> 10 Scale)

>,
0
C
W
7
a-
a)
it

6

5

4

Frequency Distribution of Visual Thickness Responses
for: 40% Beeswax/Liquid Paraffin

.-n

7
•-•

.T,

t
“?	 ,•.,	 .-?	 e-+	 in	 •ci-	 in	 in	 Ln,	 in	 in	 c--	 co	 Lel	

.-.

7	 “T,	 7	 .1,	 7	 .1,	 7	 J,	 7	 J,	 "1. 	..:	 T	 .1,	 7	 I

Sensory Intensity Brackets (from 0—> 10 Scale)

Figure 5.3.1-1 Distribution of Sensory Responses at Scale Limits

121



5.3.2 Panellist Consistency

Several samples were repeatedly tested by panellists over several weeks. By

comparing the sensory scores given by each panellist from one week to the next,

it was possible to see how consistent that particular panellist was at rating the

same sample week after week. Some panellists gave more consistent results, i.e.

a lower standard deviation, than others. For 9 repeated assessments of the same

sample over a period of 10 weeks (on 0 to 10 scales for each sensory attribute),

the worst panellists deviated by values of up to 2.0 from their own mean scores,

whilst the best panellists deviated by only up to 0.5, (and in the case of samples

close to scale limits, the deviation was 0).

All panellists were, however, consistently capable of differentiating samples from

one another on the 0 to 10 scales. For example, when rating the two silicone oils,

350 cs and 1000 cs, one panellist scored them at 3.5 and 4.4 respectively on the

visual thickness scale, whilst another panellist rated them at 2.3 and 3.4

respectively. Both panellists similarly rated the same sample as approximately 1

unit thinner than the other, although their own use of the scales systematically

differed by approximately one unit.

The fact that panellists were consistently agreeing on the differences between

samples, leads to reliable mean values across all panellists also consistently

differentiating samples.

5.3.3 Sensory Scale Confidence

Certain sensory scales were easier to use than others. For example, it was clear

whether a sample was visually thick or not, i.e. did it move around the container

when tilted or not. Samples that were observed to move around the container

were relatively easy to assess for visual thickness, from their observed flow

speed. Similarly, samples were generally either very peaky or not peaky, this

made it clear how panellists should rate the samples. Other sensory scales such

as oiliness and greasiness were more difficult to use. This was because, although

panellists had initially been trained on the maximum and minimum limits of these

scales, rating mid-range samples was much more difficult and subjective. Some

panellists rated the same sample as rather greasy and not so oily, whilst other

panellists rated the reverse, i.e. rather oily and not so greasy.
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By summing the standard deviations of the means of repeated measurements

from 6 different samples for each sensory attribute, it was clear which sensory

scales were easier to use, i.e. where the standard deviations were lower since

panellists were in closer agreement with each other. Figure 5.3.3-1 shows how

the sensory scales compare. 100% indicates the worst sensory scale, i.e. where

panellists deviated most from each other.

Figure 5.3.3-1 Sensory Scale Confidence

From the graph (Figure 5.3.3-1) it was clear that oiliness was the most difficult

sensory attribute to use and skin temperature/thermal effect were the easiest to

use. Panellists were in close agreement with each other on the skin

temperature/thermal effect attributes because these ratings were centred around

a value of 5, indicating little or no effect.

It was also clear that the pick-up attributes were easier to rate since most of these

attributes were rated with the assistance of sight as well as touch. Rub-out

attributes were generally more difficult to rate, since the sense of sight was

excluded.

For 9 repeats of the same sample, in this case 350 cs silicone oil, the mean over

those 9 repeats was 7.30 with a standard deviation of 0.56 for the oiliness scale
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(the highest deviation). The lowest deviation was for the skin temperature scale

where the mean value over 9 repeats was 5.04 with a standard deviation of 0.04.

5.3.4 ANOVA

Analysis of variance was used to identify which attributes showed statistically

significant differences between samples. From Section 5.2.7, it was clear that

attributes such as visual thickness and greasiness showed a large spread of

behaviours, whereas skin temperature and thermal effect hardly showed any

variation. ANOVA was used on the raw data (i.e. the responses from each

panellist for each attribute and sample) to check whether the variation in each

attribute was a real effect or just an artefact from panellists' random errors.

Results were conclusive - they indicated that for a probability of chance

occurrence of being less than 1%, p < 0.01, a 1-factor randomised ANOVA over

29 different samples and all panellists, in all cases resulted in an F-statistic

greater than the critical value for significance at this probability level: F(28,405) >

1.77. In other words, all sensory attributes showed statistically significant

variations which were not caused by panellist effects.

5.3.5 Sensory Attribute Correlations

In Section 5.2.7 it was clear that some attributes such as thickness and

greasiness increased with volume fraction, whilst others decreased and some

were totally unaffected. Although all the sensory attributes were independent of

each other, certain attributes were closely correlated.

Figure 5.3.5-1 shows a scatter plot of greasiness against thickness for all 29

samples. It can be seen that samples which were very thick (high values on the

thickness scale) were also high up on the greasiness scale, thinner samples were

also less greasy. This indicated a close positive correlation between thickness

and greasiness. The correlation coefficient (a linear relationship) was 0.89.

124
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Figure 5.3.5-2 Scatter Plot - Greasiness vs. Wetness

Figure 5.3.5-2 shows a scatter plot of greasiness against wetness. In this case

very greasy samples were very low on the wetness scale and vice versa. These
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Scatter Plot of Peaking vs. Oiliness
(Mean Values for 29 samples)
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two attributes were also closely correlated but, in this case, with a negative

correlation. The correlation coefficient was -0.84.

Figure 5.3.5-3 shows a scatter plot of amount of peaking versus oiliness. High

and low peakiness samples were distributed throughout the oiliness scale and no

linear correlations were apparent. The correlation coefficient was 0.00.

Figure 5.3.5-3 Scatter Plot - Amount of Peaking vs. Oiliness

The correlation coefficient for each pair of sensory attributes is shown in Figure

5.3.5-4. This correlation matrix should be read like a distance chart, for example -

to find the correlation coefficient between amount of peaking and oiliness, one

looks down the column of amount of peaking until it intersects with the row of

oiliness, the value at the intersection is the correlation coefficient for that pair of

attributes.

Correlation coefficients values of between Q.75 & 1 and -0.75 and -1, indicated a

good direct linear relationship, and a good inverse linear relationship between the

two variables respectively. A value close to zero implied that little or no linear

relationship existed between the two attributes.
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Visual Thickness	 I

Correlation Matrix
(Mean Sensory Scores)

(29 Samples)

0.68 Visual Creaminess
0.79 0.19 Firmness
0.82 0.80 0.51 Amount of Peaking

Stringiness0.05 -0.28 0.28 -0.12
0.56 -0.05 0.86 0.35 0.45 Stickiness
0.66 0.06 0.91 0.33 0.55 0.78 Elasticity
0.65 0.25 0.69 0.50 -0.14 0.72 0.45 Greasiness
-0.51 -0.32 -0.44 -0.42 0.34 -0.41 -0.19 -0.84 Wetness
-0.23 0.23 -0.53 0.00 -0.50 -0.59 -0.63 -0.23 -0.27 Oiliness
-0.24 0.33 -0.67 0.06 -0.52 -0.82 -0.69 -0.51 0.21 0.71 Spreadability
0.62 0.88 0.14 0.80 -0.52 -0.11 -0.07 0.31 -0.44 0.36 0.49 Creamy feel
0.69 0.22 0.83 0.47 0.13 0.83 0.70 0.89 -0.71 -0.38 -0.71 0.17 Thickness
-0.03 0.45 -0.50 0.23 -0.42 -0.54 -0.63 -0.12 -0.22 0.75 0.73 0.56 -0.35 Smoothness
0.19 -0.12 0.28 0.06 -0.29 0.37 0.09 0.67 -0.80 0.23 -0.24 0.11 0.48 0.07 Thermal Effect
-0.07 0.25 -0.21 0.04 0.12 -0.36 -0.07 -0.51 0.68 -0.26 027 0.07 -0.40 0.02 -0.84 Absorbency
0.02 -0.33 0.17 -0.07 -0.07 0.36 0.04 0.46 -0.58 0.18 -0.27 -0.13 0.34 -0.04 0.79 -0.97 Residue Amount	 I
0.40 -0.11 0.66 0.23 0.59 0.83 0.69 0.53 -0.18 -0.69 -0.84 -027 0.69 -0.60 0.14 -0.11 0.13 Residue Tackiness 	 1
-0.74 -0.75 -0.43 -0.80 0.39 -0.26 -0.14 -0.58 0.55 -0.10 -0.06 -0.79 -0.46 -0.28 -0.20 0.09 0.00 -0.11 Skin Slipperiness
-0.12 -0.41 0.04 -0.21 -0.14 0.26 -0.11 0.37 -0.49 0.20 -0.16 -0.13 0.15 0.03 0.87 -0.80 0.82 0.02 0.04 'Skin Temp

Figure 5.3.5-4 Sensory Attribute Correlation Matrix

Particularly good linear relationships (correlation coefficients between 0.85 & 1,

and -0.85 & -1) were noticed between the following sensory attributes:

• visual creaminess and creamy feel
• firmness and stickiness
• firmness and elasticity
• greasiness and thickness
• thermal effect and skin temperature
• absorbency and amount of residue

However, having a high correlation coefficient between sensory attributes was not

particularly useful for effective sensory analysis, since if one sensory attribute was

directly related to another, there would have been no point in assessing both of

them. Assessing one attribute would automatically have given all the information

about the other (provided the relationship was known). For example, in this study,

absorbency was inversely related to amount of residue with a correlation

coefficient of -0.97, which meant that a high rating of absorbency would

automatically have led to a low value for amount of residue. One of the scales

thus became redundant, since it just repeated the information already obtained

from the other scale. More useful were the attributes which were not correlated,

such as amount of peaking and oiliness which yielded totally unrelated

information about the sample.

127



f i

Fit] AN

SI

X i i .	 41•••
•	 MM CO

g
.IBM a)

••n•
+a

RS
(1) =
-a _ c)c •=

li

1 t 9 .,	 . .1 • ." ........

g z-,
/-

_-'

-4.

.

•-•••	 .
E
4-11

a),._
H <

L.

•••1
(.1)
a) i.3u)

0

CL

o)
=0
'a'" C
:4= 0

Ti

E
03

CO

c-.)

1"
a

cn
CD

45V
XI"

ti4-
I

•cc

.
t

N'

.

•
rit. .

rf•
m

*NT

1

4,
§i /..;:•••

C.

•
•..•.

.

'	 •	 •
!et.

.

.

It- •

.

/*.	 .

1=4.

a)
C CB
a)
73 C

0)

C\I"sr..
•,:

-
4-6 — CD < .1 '
•II.

S.—	 q)
0 •

CC0 L.L.,
a)

• ,, ne.,..:. •	 4 'V.

CO
tn1

1 d . ' ..

••	 •.r.; • ::. • .

•	 J	 • 4. I ,..
t	 . •••• ...; . •	 ••••••• •

•

g 5 1....•••	
,.,... • 411;•	 .	 .. ....•	 .

.
••••	 .

.	 .
,	 ..	 ...

.

• ••‘‘.'	 •
5, 1 .....'•I,	 Y : elf'. • t•'•• •

• • .
•	 '

..
•	 • ''‘::::" •	 . '	 ..,	 • .	 • '•; • ••?. -••.4 -Iv

..;: •	 .,	 . . •
.	 .,	 .

1	 ti• • v./ .. t-4,;.:...., .
.-

g
.	 '	 ;: '	 .S,

L
e
1

.	 ..
5.

.	 .. .1 4..'". . .

;....

13
5 .	 .:	 :

A..
•.

.•	 ,
•	 .
....,,	 .

•	 •
.;-

.	 .ri.•	 • •	 —
-	 •	 •	 &,••

: .r.,

.2...,	 ••	 A,:•

•	 , ..
. ,

•	 •.

.	 ....
.	

,-.‘,..,

•

••	 ,,• •	 .:	 .'1,... •	 - e,

gi'

.	 r • s t, •	 • ..
•

.
.-

- •

%
i t\

•
..•	 :.

A	 '":1. • '-%	 •"....

..7. ;

..

TA.	 •	 •i	 ... •	 ••a.
% 2	 '

.4	 . :	 1

.	 .1	 ir:

•nn 	 .	 •••;	 ii
;

.!	 If.'.

.	 •. •

.
•	 ••'•
'	 i4	 %'.!

.

.	 .
'•	 S...

•	 :::

;	 . 1
311-•

..J •	 ii f

1

.
a ' :.' : ' •.!	 •	 % ..	 '.1%	 )?, •	 ,.

•	 •	 •

. • •

'	 4. •
.1 .1. •	 f:	 • "; •	 •	 .	 •.• 4:	 e. :4	.:

•	 •':
•	 !I	 •

•	 • •• .•
.

. . n re.
.	 ...	 ... .	 . • .

•
..

•.	 ::r. •	 • •''' Atrt!.'
5. • • is •	 ... Y.', •	 ..	 • . ' i'S,). •	 4 le' •

•	 4.:
•	 ' I *.C. •

El • •	 . . .
•• -

.
.	 ,....• e .A . •

g i .•• •• J. •
•• • •	 •	 • • • •	 .

0

•
• • '	 • .

i 6 ... e.	 S . .•	 • . •	 • .
•

•	 .	 •
. • ,

•

Figure 5.3.5-5 Scatter Plot Matrix - Sensory Attributes
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Some relationships between sensory attributes may have had high correlation

coefficient values but were clearly better summarised in non-linear terms, as in

Figure 5.3.5-2. Therefore, the scatter plots of the paired sensory attributes were

always examined before deciding if the correlation coefficient was an adequate

summary of the relationship.

Figure 5.3.5-5 shows a scatter plot matrix, which shows all of the paired sensory

attribute relationships in a compact format. The matrix should be read in the same

way as the correlation matrix (Figure 5.3.5-4) - the relevant mini scatter plot for

the two attributes of interest occurs at the intersect of the relevant row and column

of those 2 attributes. All the mini scatter plots have 0 to 10 scales for their x- and

y- axes. The relationships between the attributes, whether they were linear, non-

linear, clustered or non-existent, were quickly established by visual inspection.

5.3.6 Principal Components Analysis and Biplot

From the correlation matrix it was apparent that certain attributes such as

firmness, stickiness and elasticity were closely related. It was, however, extremely

difficult to get an overall picture of how all the attributes were related to each other

from inspecting the matrix of correlation coefficients. Principal components

analysis (PCA) and biplot, see Section 3.3.4, were successfully employed which

summarised the relationships between attributes and samples.

Figure 5.3.6-1 shows a PCA biplot for all the sensory attributes and samples.

Dimension 1 (x-axis) is the first principal component, which explained 43.8% of

the variability between samples. Dimension 2 (y-axis) is the second principal

component which incorporated 25.5% of the variability. Figure 5.3.6-2 shows the

1 st and 3I'd principal components, since the 3rd principal component still explained

17.7% of the remaining variability. The 4th principal component contained only

4.4% of the remaining variability, the information was trivial and has therefore not

been shown. The first 3 principal components accounted for a total of 87% of the

variability, which is enough to summarise all the sensory attribute relationships

and the sample positions. The remaining unexplained variability is spread

diminishingly in higher principal components.
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W/0 Silicone Emulsions
00/0	 50%	 80%	 70%	 80%

128	 181	 174	 155	 123

0/W Silicone Emulsions
5%	 10%	 20%	 30%	 40%

	 55%

161	 126	 112	 172	 110	 170

PVA/Sodium Borate Gels
A2	 A3	 A4	 A5	 A6	 A7	 A8

171	 168	 147	 118	 133	 136	 177

Silicone Oils
50cs	 350cs	 1000cs	 12500cs

187	 120	 113	 130

Beeswax/Lq. Paraffin Mix
1 0'7/,	 300/,

132	 158	 148	 104

Products
Vas.Int.0	 AF. Milk	 E45

111 	 125	 140

Table 5.3.6-1 lists the sample codes used in each biplot to identify each particular

sample.

Table 5.3.6-1 Sample Codes

The length of the vectors (the sensory attributes) indicated the ability of

discrimination of each attribute. For example, visual thickness was the longest

vector since this attribute varied the most over all the samples - values ranged

from 0.6 up to 9.8 on the visual thickness scale, i.e. there was a wide spread of

responses (see Section 5.2.7.1). Conversely, thermal effect and smoothness were

the shortest vectors. This was because of the very narrow spread of samples in

these attributes, i.e. thermal effect values were all closely centred around 4 and

only ranged from 3.4 up to 5.3. Similarly, smoothness values for all samples were

all centred around 8 on the smoothness scale.

The direction of the vectors indicated how closely each variable was related to

each other. Vectors pointing in the same direction were directly related, such as

elasticity and stickiness or thickness and firmness in bottom right corner of Figure

5.3.6-1. Vectors which were in the opposite direction to each other, such as

absorbency and residue amount, were inversely related to each other. Vectors

which were orthogonal were totally unrelated, such as oiliness and amount of

peaking.

In order to fully understand the relationships between sensory attributes from

these charts, all three dimensions were used, since 17.7% of the variability was

contained in dimension 3 (the 3 rd principal component). For example, in Figure

5.3.6-1 (dim1 and dim2), is seemed that visual thickness was directly opposite

wetness, indicating that any samples which were high on the visual thickness

scale would have been very low on the wetness scale. This was generally true
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and was verified by looking at the visual thickness and wetness responses in

Section 5.2.7.1 and Section 5.2.7.9. Although for a more accurate picture, the 3rd

principal component was included in Figure 5.3.6-2. The wetness vector was quite

strong in the positive direction of the 3 rd principal component (dim3) and visual

thickness also lay slightly in the positive direction of this dimension. Referring

back to Figure 5.3.6-1 (dim1 and dim2) the wetness vector was visualised as

sticking out of the page (in the 3 rd dimension, z-axis) to a large extent, as was the

visual thickness vector. In this way, an accurate picture of the correlations

between sensory attributes and the sample positions was established.

In order to assess how well two attributes were related, the cosine of the angle

between the two vectors in a 3-dimensional graph of the first three principal

components would yield correlation values between -1 and +1, as in the

correlation matrix.

5.3.6.1 Principal Component Interpretations
The meanings of the principal components were estimated by analysing which

sensory attributes were most dominant in each dimension. The 1 st principal

component (with 43.8% of the variability between samples) was dominated by the

visual thickness, peaking and greasiness attributes. This meant that all samples

to the right hand side of both charts (i.e. to the right of the y-axis) were the most

visually thick, greasiest and peakiest samples, whilst all samples on the left hand

side were very low on the visual thickness, greasiness and peaking scales. The

2nd principal component (25.5%) was dominated by visual creaminess and creamy

feel in the positive direction and stringiness in the negative direction. This meant

that samples at the top of the chart (Figure 5.3.6-1), i.e. above the x-axis, were

generally creamy and not stringy, whilst samples at the bottom of the chart were

stringy and not creamy. The 3 rd principal component (17.7%) was dominated by

absorbency and wetness in the positive direction, and residue amount in the

negative direction. Samples at the top of the chart (Figure 5.3.6-2) were generally

the most absorbent and wettest samples, whilst samples at the bottom of the chart

were highest on the residue amount scale and the least wet samples.
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5.3.6.2 Sensory Attribute Relationships

Some of the important relationships between sensory attributes, observed on

these charts were:

Stickiness, thickness, firmness, residue tackiness and elasticity were all closely

grouped together and were opposite (and hence inversely related to) spreadability

and oiliness.

Creamy feel, visual creaminess and amount of peaking were closely related to

each other, and were inversely related to skin slipperiness (after-feel), i.e. very

creamy samples tended to leave the skin non-slippery. These attributes were all

orthogonal to both absorbency and residue amount, indicating that no correlation

was present.

Stringiness was not close to any other attributes in direction, indicating that this

sensory attribute was unrelated to the others.

Wetness was fairly close to skin slipperiness, indicating that the samples

imparting the wettest feel also left the skin the most slippery after the samples had

been wiped off. Wetness was also approximately opposite to greasiness.

Thermal effect was the shortest vector, indicating that samples showed little

difference from one another on this attribute. It was, however, apparent that

thermal effect was closely related to amount of residue and directly opposite

absorbency, indicating that if the sample was very absorbent it felt cool on the

skin, and if the sample was not absorbent it felt warm on the skin.

Stringiness was approximately orthogonal to peaking, which indicated that no (or

very little) correlation existed between the two. This meant that peaky samples

may or may not have been stringy.

5.3.6.3 Sample Groupings
From the chart of the first two principal components (Figure 5.3.6-1) it was clear

that the samples were scattered throughout the space on the chart set up by the

sensory attributes. Certain groupings were, however, apparent:

In the top right corner of the chart, all the 01W emulsions, the highest volume

fraction W/O emulsions, Vaseline Intensive Care Lotion and Cream E45 were

clustered together. The creamy feel, visual creaminess and peaking vectors were

dominant in this cluster of samples. These samples were, therefore, the creamiest

samples overall, visually and feel. They were also very peaky.
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In the bottom left corner of the chart, all the PVA/sodium borate gels were

grouped together. These samples were all the least creamy, but most likely to

leave the skin feeling slippery afterwards. They were also all generally wet.

Grouped in the bottom right corner of the chart were most of the beeswax/liquid

paraffin samples and the highest viscosity silicone oil (12500 cs label). These

samples were the greasiest, thickest, firmest, stickiest, most elastic, residue

tackiest and least spreadable samples overall.

In the top left corner of the chart, the samples were the thinnest and most

spreadable, and also generally wet. The samples were: the lower volume fraction

W/O emulsions, the 50 cs silicone oil and Anne French Deep Cleansing Milk.

The principal component interpretations, (Section 5.3.6.1), also indicated sample

groupings, i.e. samples high up on the positive side of principal component one

(the x-axis) were the peakiest and most visually thick, i.e. the high volume fraction

beeswax/liquid paraffin samples and the high volume fraction emulsions. Samples

on the left of the chart, such as Anne French Deep Cleansing Milk, 50 cs silicone

oil and the lowest volume fraction PVA/sodium borate gel were the visually

thinnest and least peaky samples.

5.3.6.4 Hedonic Forecasting
It became obvious that certain sensory attributes were more desirable on the skin

than others. A successful personal care product should feel "pleasant" on the

skin. It was obvious, from common sense, that attributes such as stickiness,

greasiness, residue tackiness and firmness were not particularly desirable for a

personal care product, such as a moisturising cream, to have. Therefore, by

looking at the biplot in Figure 5.3.6-1, it was clear that the bottom right corner of

the chart should be avoided. If the sample being formulated was in this sector of

the sensory space, it would have been undesirable, (this sector contained all the

above mentioned undesirable attributes and the higher volume fraction

beeswax/liquid paraffin samples and the highest viscosity silicone oil).

Conversely, if the sample had been in the top half of the chart, it would have been

more likely to have been accepted as a desirable product. The samples in this

upper sector were all creamier, smoother, more spreadable and more absorbent

than the undesirable bottom right sector. The marketed products Cream E45,
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Vaseline Intensive Care Lotion and Anne French Deep Cleansing Milk occurred in

this upper sector of the biplot. The bottom left sector of the chart was non-creamy,

but left the skin slippery after wipe-off/absorption of the samples. These samples

were wetter and stringier than the creams. So, this sector may or may not be

desirable, a hedonic study would have to be performed to exactly assess which

sensory attributes and samples are the most pleasant.

By adding volume fraction and rheolopical parameters to these biplots, it will

become apparent in Section 5.5.6 how to adjust the formulation of the samples to

impart a specific/desired skin-feel.
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Viscosity at 25°C Viscosity at 32°CSample

12500 cs Silicone Oil

1000 cs Silicone Oil

350 cs Silicone Oil

50 cs Silicone Oil

1.50x10 1 Pa s

1.10 Pa s

3.90x10-1 Pa s

5.30x10-2 Pa s

1.31x10 1 Pa s

1.00 Pa s

3.42x10-1 Pa s

4.68x10-2 Pa s

Viscometry Test 32°C (Bohlin VOR)
Silicone Oil Samples

1 E02
•	 130 (12500cs Si 00
•	 113 (1000. Si0i)
•	 120 (350cs S KM)

Visc = 1.31E+01 Pas •	 187 (50.5011)

1 .E0 1

45
a. Visc.= 1.00E+00 Pa s
>.

1.E00
44

• 440' .. ••••46.616104 4A—A4.,•1444k.••	 • _ aja * *****
Visc.=3.42E-01 Pa s

1.E01

I •01•11•11041-	 ..........-
Visc.= 4.68E-02 Pa s

1.E-02
WOO	 1.0011

Shear Rate (1/s)

1 h-U2 1.h-W41.t.02

5.4 RHEOLOGICAL CHARACTERISATION

Rheological characterisation was carried out on each sample using the Bohlin

VOR rheometer. Details of performed tests are described in Section 4.3

5.4.1 Viscometry

5.4.1.1 Silicone Oils

The four silicone oil samples showed no change in the viscosity with increasing

shear rate at either 25°C or 32°C (Newtonian behaviour). Figure 5.4.1-1 shows

the shear behaviour at 32°C. Constant viscosity values are also shown below. In

each case they agreed well with the manufacturer's quoted viscosity values

(taking into account density and the measurement temperature).

Figure 5.4.1-1 Viscometry 32°C - Silicone Oils
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Viscometry Test 32°C (Bohlin VOR)
PVA/Sodium Borate Gels

0 177

0 136

•	 133
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5.4.1.2 PVA / Sodium Borate Gels
The PVA / sodium borate gels showed gradually decreasing viscosities as shear

rate was increased up to a critical value. At these critical shear rates the viscosity

of the gels dramatically increased with a minor increase in shear rate. Flow

subsequently became unstable as the gel was observed to be "climbing out" of

the measuring geometry. This behaviour was consistent with the Weissenberg

effect (see Section 3.1.6).

Figure 5.4.1-2 Viscometry 32°C - PVA / Sodium Borate Gels

The shear rate at which shear thickening occurred reduced as the volume fraction

of sodium borate - and thus the solidity of the gel - was increased.

Figure 5.4.1-2 shows the viscosity responses for the gels at 32°C. The behaviour

was best fitted to a Cross model (see Section 3.1.7) with limiting low and high

shear values up until shear thickening occurred. Limiting low and high shear rate

values of viscosity increased with increasing volume fraction of sodium borate.

The thickest sample (with the highest sodium borate volume fraction) having a

limiting low shear viscosity value of 8.1 Pa s and the thinnest sample a value of

5.8x10-2 Pa s at 32°C. Viscosity values at 25°C were slightly higher (10 Pa s and

7.0x10-2 Pa s respectively).
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Viscometry Test 32°C (Bohlin VOR)
W/O Silicone Emulsions
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The shear rate values at which shear thickening was observed are shown below:

Sample Code Shear rate at which shear thickening occurred

25°C 32°C

A8 (Solid-like) 7 s-1 14 s-1

A7 14 s-1 23 s-1

A6 22 S-1 60 s-1

A5 50 s-1 100 s-1

A4 * *

A3 * *

A2 (Liquid-like) * *

* No shear thickening observed in shear rate range 10 -3 --> 104 s-1

5.4.1.3 Water-in-Oil Silicone Emulsions
All W/O silicone emulsion samples showed shear thinning behaviour. Figure

5.4.1-3 shows the shear viscosity responses for each sample at 32°C. The shear

thinning behaviour was consistent with a power law model. The degree to which

the viscosity reduced with increasing shear rate can be seen from the power law

index.

Figure 5.4.1-3 Viscometry 32°C - W/O Silicone Emulsions

The higher the volume fraction of water in oil, the steeper was the rate of

reduction of viscosity with increasing shear rate (i.e. the greater the power law
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Viscometry Test 32°C (Bohlin VOR)
01W Silicone Emulsions
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index). Power law indices ranged from -8.7x10 -1 for the 80% W/O emulsion down

to -9.5x10-2 for the 40% W/O emulsion sample.

Also, the higher the volume fraction of water in oil, the higher was the viscosity at

low shear rate. The thickest sample (80% W/O) had a viscosity value of

1.2x105 Pa s at 10-3 s-1 , and the thinnest sample (40% W/O) had a viscosity of

1.3x10 -1 Pa s at the same shear rate. At high shear rates (10 4 s-1 ) the viscosities

of all samples converged around 10-1 Pa s.

Viscosity behaviour at 25°C was similar with only slightly increased power law

indices and slightly higher low-shear viscosity values.

5.4.1.4 Oil-in-Water Silicone Emulsions
All 01W silicone emulsion samples exhibited approximately identical behaviour at

both 32°C and 25°C. Figure 5.4.1-4 shows that power law models were consistent

with the observed data. Power law indices were all approximately -7.0x10-1 (i.e.

steep shear thinning behaviour). Viscosity values at low shear (10-3 S-1 ) ranged

from 4.0x10 2 Pa s to 2.6x103 Pa s, at high shear rate (10 4 s-1 ) viscosity values

were between 10 -2 and 10-1 Pa s.

Figure 5.4.1-4 Viscometry 32°C - 01W Silicone Emulsions
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Viscometry Test 32°C (Bohlin VOR)
Besswax/Liquid Paraffin Samples
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5.4.1.5 Beeswax! Liquid Paraffin Samples
Beeswax/liquid paraffin samples showed shear thinning behaviour consistent with

power law models, see Figure 5.4.1-5. At 32°C samples of volume fractions 20%

to 40% (beeswax in liquid paraffin) showed identical power law indices of

-7.5x10-1 , the lowest volume fraction sample (10%) showed a slightly shallower

power law index, i.e. -5.6x10 -1 . Low shear (10 -3 S-1 ) viscosity values ranged from

9.0x104 Pa s, for the 40% sample, down to 7.0x10 2 Pa s for the 10% sample. At

high shear rate (104 s-1 ) the viscosities of all samples converged to around

10-1 Pa s to 5x10-1 Pa s, although the lower volume fraction samples showed

evidence of approaching ri(co) values (by deviating from the power law model at

high shear rates).

Figure 5.4.1-5 Viscometry 32°C - Beeswax! Liquid Paraffin Samples

Viscosity behaviour at 25°C differed slightly in the low shear (10 -3 s-1 ) viscosity

values which ranged from 5.0x10 5 Pa s down to 2.0x103 Pa s, at high shear

(104 s-1 ) viscosities converged to around 2x10 -1 Pa s to 9x10-1 Pa s.

5.4.1.6 Branded Products

Figure 5.4.1-6 shows the viscosity/shear rate response at 32°C for all 3 branded

products. Cream E45 (Crookes Healthcare) and Vaseline Intensive Care Lotion

showed very similar behaviour at both 25°C and 32°C. Both products were shear

thinning with power law indices of -6.6x 1 0-1 and -6.0x10-1 respectively. Viscosities
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at low shear rate (10-3 s-1 ) were 3.0x103 Pa s and 5.0x102 Pa s respectively. At

high shear rate (104 s-1 ) viscosities were 7.0x10 -2 Pa s and 3.0x10 -2 Pa s

respectively.

Figure 5.4.1-6 Viscometry 32°C - Branded Products

Anne French Deep Cleansing Milk behaved identically at both temperatures. Very

slight shear thinning behaviour was apparent, with a power law index of -1.5x10-2,

so that the viscosity response appeared to be practically Newtonian with a

viscosity of 2.0x10-3 Pa s above a shear rate of 10 s-1.

5.4.2 Strain Sweep

5.4.2.1 Silicone Oils

Figure 5.4.2-1 shows the complex modulus behaviour of all silicone oils at 32°C

(6.28 rad S-1 ) as a function of strain. Values remained constant across the

measurement range (10-3 --> 2x10-1 Strain). G* values were 75 Pa, 6.0 Pa, 2.1 Pa

and 0.28 Pa respectively for samples 12500 cs, 1000 cs, 350 cs and 50 cs. These

were in agreement with ii(0)o.) values at 6.28 rad S-1.
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G* - Strain Sweep Test 32°C (Bohlin VOR)

PVA / Sodium Borate Gels (6.28 rad s-1)
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Figure 5.4.2-1 Strain Sweep 32°C - Silicone Oils

Figure 5.4.2-2 Strain Sweep 32°C - PVA / Sodium Borate Gels

5.4.2.2 PVA / Sodium Borate Gels
Figure 5.4.2-2 shows the complex modulus behaviour of all PVA/sodium borate

gels at 32°C (6.28 rad s -1 ) as a function of strain. Values remained constant

across the measurement range (10-3 --> 2x10-1 Strain). G* values ranged from

0.38 Pa up to 10 Pa.
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G*- Strain Sweep Test 32°C (Bohlin VOR)
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5.4.2.3 Water-in-Oil Silicone Emulsions

Figure 5.4.2-3 shows the complex modulus behaviour of all W/O silicone emulsion

samples at 32°C (6.28 rad s -1 ) as a function of strain. G* values remained

constant across the measurement range (10-3 —> 2x10 -1 Strain) for the lower

volume fraction samples, i.e. 40%, 50% and 60% samples. G* values for the 70%

and 80% volume fraction samples remained constant up to strain values of

2.0x10-2 and 6.0x10-2 respectively, above which non-linearity of response

occurred, resulting in a reduction of the complex modulus. G* values in the

constant region ranged from 3x10 -1 Pa up to 4x103 Pa.

Figure 5.4.2-3 Strain Sweep 32°C - W/O Silicone Emulsions

5.4.2.4 Oil-in-Water Silicone Emulsions
Figure 5.4.2-4 shows the complex modulus behaviour of all 011A/ silicone emulsion

samples at 32°C (6.28 rad s -1 ) as a function of strain. G* remained constant up to

strain values of approximately 2x10 -3 above which non-linearity was observed for

all samples. G* values in the constant region ranged from 1.6x10 2 Pa up to

6.0x102 Pa.
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Figure 5.4.2-5 Strain Sweep 32°C - Beeswax / Liquid Paraffin Samples

5.4.2.5 Beeswax / Liquid Paraffin Samples
Figure 5.4.2-5 shows the complex modulus behaviour of all beeswax/liquid

paraffin samples at 32°C (6.28 rad s -1 ) as a function of strain. G* remained

constant up to strain values of approximately 1.2x10 -3. Above this value a non-

linear response occurred for all samples. G* values in the constant region ranged

from 9.0x10 1 Pa up to 9.0x104 Pa.
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G*- Strain Sweep Test 32°C (Bohlin VOR)
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5.4.2.6 Branded Products

Figure 5.4.2-6 shows the complex modulus behaviour of all 3 branded products at

32°C (6.28 rad s-1 ) as a function of strain. For Cream E45, G* remained at a

constant value of 2.9x103 Pa with increasing strain up to a strain value of 2.0x10-3

above which non-linearity occurred. Non-linearity occurred for Vaseline Intensive

Care Lotion at a strain value of 2.0x10 -2 and G* in the constant region was

2.4x102 Pa. Anne French Deep Cleansing Milk maintained a constant G* value of

approximately 1.4x10-2 Pa across the whole measured strain range (10-3 —>

10-1 Strain).

Figure 5.4.2-6 Strain Sweep 32°C - Branded Products

5.4.3 Oscillation

Strain sweep experiments (Section 5.4.2) were performed before the oscillation

tests to ensure that the strain amplitudes used were within the linear response

region.

5.4.3.1 Silicone Oils
Oscillation tests showed that all the silicone oils behaved as Newtonian fluids.

The loss modulus (G") greatly dominated the storage modulus (G') by a factor of

10 or more (the phase angle was �85° which can be seen from Figure 5.4.3-1).

G" increased linearly with increasing radial frequency. Figure 5.4.3-2 shows the
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temperature.
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Phase Angle - Oscillation Test (32°C Bohlin VOR)
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Figure 5.4.3-1 Phase Angle 32°C - Silicone Oils

Figure 5.4.3-2 Dynamic Viscosity 32°C - Silicone Oils
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Figure 5.4.3-4 Storage Modulus 32°C - PVA / Sodium Borate Gels

Figure 5.4.3-5 Dynamic Viscosity 32°C - PVA / Sodium Borate Gels

The elastic response of each gel was approximately in agreement with standard

linear solid behaviour (i.e. a Hookean + Maxwell model) as shown in Figure 5.4.3-

4. Values for G (o) , G 1 and T were extracted and are shown on the graph. G 1 values

increased consistently with increasing volume fraction of sodium borate; values

ranged from 9.7x10-1 Pa up to 32 Pa. G (o) values also increased consistently with

increasing volume fraction of sodium borate; values ranged from 9.0x10 4 Pa up to

2.1x10-1 Pa. Relaxation times were all similar, with values centred around 1.7x10-2

s and were similar to the values extracted from G"/G 1 crossover frequencies.
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Figure 5.4.3-5 shows the dynamic viscosity behaviour for the PVA/sodium borate

gels. The G 1 & values, from the standard linear solid model, are also shown on

the graph. rr values increased with increasing volume fraction of sodium borate.

Values at 1rad s -1 ranged from 1.6x10 2 Pa s up to 1.1 Pa s. These values were

slightly lower than values obtained from viscometry measurements at 1 s-1.

Complex viscosity measurements showed increasing values of complex viscosity

with decreasing frequency. This was consistent with the behaviour expected from

a standard linear solid, where the complex viscosity tends to infinity as frequency

tends to zero.

5.4.3.3 Water-in-Oil Silicone Emulsions
Figure 5.4.3-6 shows the phase response of the W/O silicone emulsion samples

at 32°C. The highest volume fraction samples exhibited dominating elastic

behaviour with a phase angle of less than 10 0 . The lower volume fraction samples

all showed viscous dominated behaviour (i.e. phase angle >45°). The phase

angle consistently reduced with increasing water in oil volume fraction.

Figure 5.4.3-6 Phase Angle 32°C - W/O Silicone Emulsions

Figure 5.4.3-7 shows the elastic response of all the W/O samples at 32°C. The

observed G' behaviour for the lower volume fraction samples (40%, 50% and
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60%) was approximately consistent with a standard linear solid model (a Hookean

+ Maxwell model). G' values increased with increasing radial frequency for these

samples. The highest volume fraction samples (70% and 80%) were

approximately Hookean materials (in the measurement range), and maintained

constant G (co) values of 1.1x103 Pa and 3.7x103 Pa respectively. G (0) values

increased consistently with increasing volume fraction for all samples from

1.4x10-2 Pa up to 3.7x103 Pa. G 1 values also increased consistently with

increasing volume fraction (for the lower volume fraction samples) from 2.9 Pa up

to 4.3 Pa. Relaxation times for the lower volume fraction samples were all fairly

similar at around 12 ms.

Figure 5.4.3-7 Storage Modulus 32°C - W/O Silicone Emulsions

Figure 5.4.3-8 shows the complex viscosity response at 32°C. In all cases

complex viscosity decreased with increasing radial frequency, consistent with

power law behaviour. Increasing complex viscosity with decreasing radial

frequency was consistent with the behaviour expected from a standard linear solid

material. Power law constant viscosity values increased consistently with

increasing volume fraction, ranging from 5.4x10-2 Pa s up to 3.6x103 Pa s. Power

law indices increased consistently with increasing volume fraction, ranging from

-8.0x10-2 to -9.9x10-1 . The observed behaviour was similar to that seen from

viscometry experiments (see Section 5.4.1.3).
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Figure 5.4.3-8 Complex Viscosity 32°C - W/O Silicone Emulsions

5.4.3.4 Oil-in-Water Silicone Emulsions

The phase response at 32°C to oscillating shear, Figure 5.4.3-9, indicated that all

01W silicone emulsions behaved with a dominating elastic component. Phase

angle values were concentrated around 25° (at 10 rad s -1 ), indicating that G'

dominated G" by a factor of approximately 2. The 5% 01W sample demonstrated

slightly less elastic behaviour than all the other 01W samples, with a slightly

higher phase angle of 30° at 10 rad s-1.

Figure 5.4.3-9 Phase Angle 32°C - 0/W Silicone Emulsions
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Figure 5.4.3-10 indicates that G' increased with increasing radial frequency for all

samples. The behaviour was not consistent with simple viscoelastic models. A

power law model did, however, satisfactorily show the trend in behaviour. Power

law constant G' values (i.e. G' at 1 rad s -1 ) generally increased with increasing

01W volume fraction; values ranged from 70 Pa up to 524 Pa. The rate of fall of

G' with decreasing radial frequency was similar for all but the lowest volume

fraction (5%) which had a slightly higher power law index of 0.40, all other

samples had power law indices at around 0.26.

1.E.04

G' - Oscillation Test (32°C Bohlin VOR)
01W Silicone Emulsions

o 170(55% 3W01 EmIsion)

•	 110(40% ONV SI Emulsion)

•	 172 (30% CYVV Si Errulsion)

•	 112(20% ONV Si Ertulsion)

•	 126(10% CYW Si Errulsion) •	 • '.
•	 -,,,-....-- a

1.6.03 o 161 (5% OW Si EfillObil)
•

•	 ,•••••••••
•	 ,•••••.•

•

•
,.....„.....-1-er-....• "." ''. 6.°•••••••..".'-

COa. .	 • •
6 .	

.

1 EH:r2 . Sample
Power Law

Constant	 Index
170 524	 0261

110 361	 0.284

172 414	 0264

112 359	 0.257

126 342	 0.245

161 70	 0.4

18401
1 E-01 LEN

co (rad s-1)
1E-01	 LE-02
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Complex viscosity measurements were similarly best modelled with a power law

model, see Figure 5.4.3-11. Complex viscosity decreased with increasing radial

frequency with similar power law indices of -0.75 for all but the lowest volume

fraction sample, which had a slightly lower value of -0.70. Power law constant

viscosities generally increased with increasing volume fraction; values ranged

from 100 Pa s up to 570 Pa s. The observed behaviour was similar to that seen in

viscometry experiments (see Section 5.4.1.4).

5.4.3.5 Beeswax / Liquid Paraffin Samples

Figure 5.4.3-12 shows the phase angle response at 32°C for the beeswax in liquid

paraffin samples. All samples were elastic behaviour dominated, with the 40% and

30% volume fraction samples showing phase angles of less than 5°, (G'

dominated G" by >10). The lower volume fraction samples had phase angles of 7°

and 19° respectively for the 20% and 10% samples (at 10 rad s-1).

Figure 5.4.3-12 Phase Angle 32°C - Beeswax / Liquid Paraffin Samples
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Figure 5.4.3-14 Complex Viscosity 32°C - Beeswax! Liquid Paraffin Samples

The storage modulus, see Figure 5.4.3-13, was Hookean for the highest volume

fraction samples (30% & 40%) with constant G(00) values of 6.2x10 4 Pa and

8.9x104 Pa respectively. Lower volume fraction samples showed increasing

values of G' with increasing radial frequency. Power law models successfully

estimated the observed G' behaviour within the measured range (10 -1 —>

102 rad s-1 ). G' values at 1 rad s-1 for samples 10% and 20% were 4.28x102 and

2.36x104 respectively. The power law index increased with decreasing volume

fraction; values were 0.24 and 0.10 for samples 10% and 20% respectively.
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Figure 5.4.3-14 shows the complex viscosity response for the beeswax/liquid

paraffin samples. In all cases complex viscosity decreased with increasing radial

frequency. Viscosity values increased consistently with increasing volume

fraction. The highest volume fraction samples (30% & 40%), which showed

Hookean behaviour, showed power law indices of -1.0, as expected from:

11 * = G* 6 1 , in this case G* = G. Therefore, power law viscosity constants were

the same as the G. values from above. For the lower volume fraction samples, the

power law indices decreased with decreasing volume fraction; values were -0.90

and -0.77 for samples 20% and 10% respectively.

5.4.3.6 Branded Products

Figure 5.4.3-15 shows the phase response at 32°C for all 3 branded products.

Vaseline Intensive Care Lotion had the most elastic like behaviour with a phase

angle of 11 0 (at 10 rad s -1 ), Cream E45 had a response of 31° and Anne French

Deep Cleansing Milk had a phase angle of 42°.

Figure 5.4.3-15 Phase Angle 32°C - Branded Products
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The elastic (G') response to radial frequency at 32°C is shown in Figure 5.4.3-16.

Anne French Deep Cleansing Milk had a constant G' value of 6.4x10 -2 Pa. Both

Vaseline Intensive Care Lotion and Cream E45, however, showed slightly

increasing values of G' with increasing radial frequency. Power law models were

used to estimate the responses of Cream E45 and Vaseline Intensive Care Lotion.

Cream E45 exhibited a higher G' value than Vaseline Intensive Care Lotion

across the whole frequency range. Power law constants were 1.3x10 3 Pa and

1.8x102 Pa respectively. Cream E45 had a steeper power law index of 0.33, whilst

Vaseline Intensive Care Lotion had a value of 0.13.

The viscous response at 32°C is shown in Figure 5.4.3-17. All products showed a

decreasing dynamic viscosity with increasing radial frequency. These viscous

responses were satisfactorily modelled with power law models in this frequency

range. Power law dynamic viscosity constant values were 8.9x102 Pa s, 37 Pa s

and 6.4x10-2 Pa s respectively for Cream E45, Vaseline Intensive Care Lotion and

Anne French Deep Cleansing Milk respectively. Power law indices were -0.74,

-0.88 and -1.0 respectively.
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Viscosity' - Oscillation Test (32°C Bohlin VOR)
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= 8.90E+2 o)&7.40E-1

to
11.1.E.00

1.601

1.E-02

1.E-03

1.E-04

1 E-01

n' =3.74E+1 coA-8.80E-1

= 6.39E-2 o'\-1

1 E.-00 re. frail e -1 1 1.E .-01 1.E1-02

1.E*04

1.E1-03

0 140 (Cream E45)

A 111 (Vaseline ht. Care)

• 125 (Anne French Mk)

Figure 5.4.3-17 Dynamic Viscosity 32°C - Branded Products

5.4.4 Stress Relaxation

5.4.4.1 Silicone Oils
Since relaxation was practically instantaneous for these Newtonian fluids, stress

relaxation was not measurable since strain rise time took 20 ms (and was not

instantaneous).

5.4.4.2 PVA / Sodium Borate Gels
Figure 5.4.4-1 and Figure 5.4.4-2 show the relaxation behaviour and the spectrum

for each PVA/sodium borate gel at 32°C. The observed relaxation behaviour was

approximately consistent with standard linear solid behaviour. G 1 ranged from

31 Pa down to 2.2 Pa, decreasing consistently with decreasing sodium borate

volume fraction, which was in approximate agreement with oscillation

experiments. Relaxation times were all very similar with an average value of

250 ms.

The primary spectrum peak maximum was noticeably shifting to longer time with

increasing sodium borate volume fraction (for the higher volume fraction samples:

A5, A6, A7 & A8). Maximum values were at times of: 59 ms, 90 ms, 94 ms and

190 ms respectively.
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Figure 5.4.4-1 Stress Relaxation 32°C - PVA / Sodium Borate Gels

Figure 5.4.4-2 Relaxation Spectrum 32°C - PVA / Sodium Borate Gels

5.4.4.3 Water-in-Oil Silicone Emulsions

Figure 5.4.4-3 and Figure 5.4.4-4 show the relaxation behaviour and the spectrum

for each W/O silicone emulsion sample at 32°C. Relaxation behaviour was

approximately consistent with single Maxwell models for all samples. G(00) and T

values increased with increasing volume fraction: G(00) values ranged from 2.3 Pa

up to 3.7x103 Pa for the 40% up to the 80% samples respectively. T values were

100 ms, 170 ms and 340 ms respectively for samples of volume fraction 40%,

50% and 60%. For the higher volume fraction samples 70% and 80%, the
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relaxation times were approximately 600 s. This was consistent with the solid-like

behaviour observed in the oscillation experiments in Section 5.4.3.3.

Figure 5.4.4-3 Stress Relaxation 32°C - W/O Silicone Emulsions

The times at which the primary spectrum peak occurred increased slightly with

volume fraction for samples 40%, 50% and 60%, i.e.: 44 ms, 120 ms and 290 ms

respectively. Very low intensity secondary peaks were detected around 25 s. For

the higher volume fraction samples there was insufficient spectrum information in

the time-scale used.

Figure 5.4.4-4 Relaxation Spectrum 32°C - W/O Silicone Emulsions
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5.4.4.4 Oil-in-Water Silicone Emulsions

Figure 5.4.4-5 and Figure 5.4.4-6 show the relaxation behaviour and the spectrum

for each 01W silicone emulsion sample at 32°C. Relaxation behaviour was

approximately consistent with a single Maxwell model. G(00) values ranged from

5.2x102 up to 6.0x10 3 Pa. Relaxation times were fairly short, with an average

value of 200 ms.
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Figure 5.4.4-6 Relaxation Spectrum 32°C - 01W Silicone Emulsions

Primary spectrum peak intensity was much greater than secondary spectrum

peaks. Primary spectrum peaks appeared at around 140 ms and secondary peaks

(which were very low in intensity) at around 10 s.
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5.4.4.5 Beeswax / Liquid Paraffin Samples
Figure 5.4.4-7 and Figure 5.4.4-8 show the relaxation behaviour and the spectrum

for the beeswax in liquid paraffin samples at 32°C. Relaxation behaviour was

approximately consistent with double Maxwell models. The lowest volume fraction

sample (10%) had a G(00) value of 2.7x102 Pa and Ti = 110 ms and T2 = 15 s. As

volume fraction increased, G(00), Ti and T2 consistently increased. The 20% and

30% samples had G(00) values of 3.6x104 Pa and 1.0x105 Pa respectively. For the

highest volume fraction sample (40%) G(00) was 1.2x105 Pa, and primary and

secondary relaxation times were at 10 s and 400 s. G(00) values approximately

agreed with the values from oscillation experiments (Section 5.4.3.5).
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Beeswax / Liquid Paraffin Samples
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Figure 5.4.4-7 Stress Relaxation 32°C - Beeswax / Liquid Paraffin Samples

Figure 5.4.4-8 shows the relaxation spectrum behaviour for the 10% and 20%

volume fraction beeswax in liquid paraffin samples. The primary spectrum peak

shifted to greater time with increasing volume fraction. (From 80 ms to 200 ms for

10% to 20% samples). A secondary peak was clearly distinguished for the 10%

sample at a time of 10 s.
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Figure 5.4.4-8 Relaxation Spectrum 32°C - Beeswax / Liquid Paraffin Samples

5.4.4.6 Branded Products
Figure 5.4.4-9 and Figure 5.4.4-10 show the relaxation behaviour and the

spectrum for all 3 branded products at 32°C. The relaxation behaviour of Cream

E45 was approximately consistent with a double Maxwell + Hookean model.

Cream E45 had a G(0o) value of 3.7x103 Pa and 2 relaxation times: T1 = 140 ms,

T2 = 3 s. Anne French Deep Cleansing Milk appeared to behave approximately

Maxwellian, (although a negligible G 1 value was apparent, but this was likely to be

caused by the limiting instrument sensitivity). G(0o) was 1.0x10 -1 Pa and

T = 360 ms. Vaseline Intensive Care Lotion was approximately consistent with a

double Maxwell model. G(00) was 1.3x10 3, and relaxation times were at 110 ms

and at 100 s.

Primary and secondary spectrum peaks were observed for Cream E45 and

Vaseline Intensive Care Lotion at: 120 ms & 4 s, 98 ms & 7.8 s respectively. Anne

French Deep Cleansing Milk showed a primary peak at 300 ms.
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5.4.5 Temperature Effect (10°C -> 45°C)

5.4.5.1 Silicone Oils
Figure 5.4.5-1 shows an Arrhenius plot of complex viscosity, from oscillation

experiments at 5.65 rad s-1 , as a function of reciprocal absolute temperature for all

silicone oil samples. Complex viscosity decreased exponentially with increasing

temperature, consistent with the Arrhenius model. The exponential index
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Viscosity* vs 1/Temperature - Oscillation Test

(10°C-345°C, 5.65 rad s -1 ) Silicone Oils
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increased from 1.58x10 3 up to 1.84x103 with decreasing silicone oil viscosity

(from 12500 cs to 50 cs).

Figure 5.4.5-1 Arrhenius Model 10°C—> 45°C - Silicone Oils

Figure 5.4.5-2 Arrhenius Model 10°C—> 45°C - PVA / Sodium Borate Gels

5.4.5.2 PVA / Sodium Borate Gels
Figure 5.4.5-2 shows an Arrhenius plot of complex viscosity as a function of

reciprocal absolute temperature for all PVA/sodium borate gels. Complex viscosity

decreased exponentially with increasing temperature, consistent with the

Arrhenius model. The exponential index increased from 4.9x10 3 up to 1.2x104 as

volume fraction of sodium borate increased.
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5.4.5.3 Water-in-Oil Silicone Emulsions

Figure 5.4.5-3 shows an Arrhenius plot of complex viscosity as a function of

reciprocal absolute temperature for all W/O silicone emulsions. Complex viscosity

decreased exponentially with increasing temperature, consistent with the

Arrhenius model. The exponential indices of the highest volume fraction samples

were 1.9x102 and 6.2x102 for samples 80% and 70% respectively. Lower volume

fractions all had steeper indices of 3.0x10 3 for the 60% sample, and 1.8x10 3 for

both 50% and 40% samples.

Figure 5.4.5-3 Arrhenius Model 10°C—> 45°C - W/0 Silicone Emulsions

5.4.5.4 Oil-in-Water Silicone Emulsions
Figure 5.4.5-4 shows an Arrhenius plot of complex viscosity as a function of

reciprocal absolute temperature for all 01W silicone emulsions. Complex viscosity

decreased exponentially with increasing temperature, consistent with the

Arrhenius model. Exponential indices were variable across the sample set and

ranged from 4.8x102 up to 2.410.
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Figure 5.4.5-4 Arrhenius Model 10°C—> 45°C - 01W Silicone Emulsions

Figure 5.4.5-5 Arrhenius Model 10°C—> 45°C - Beeswax / Liquid Paraffin Samples

5.4.5.5 Beeswax / Liquid Paraffin Samples
Figure 5.4.5-5 shows an Arrhenius plot of complex viscosity as a function of

reciprocal absolute temperature for all beeswax in liquid paraffin samples.

Complex viscosity decreased exponentially with increasing temperature,

consistent with the Arrhenius model. Exponential indices dramatically increased

with decreasing beeswax in liquid paraffin volume fraction, i.e. from 8.1x102 to

3.3x103 to 6.5x103 to 1.2x104 for 40% to 30% to 20% to 10% volume fractions

respectively.
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5.4.5.6 Branded Products

Figure 5.4.5-6 shows an Arrhenius plot of complex viscosity as a function of

reciprocal absolute temperature for all 3 branded products. Complex viscosity

decreased exponentially with increasing temperature, consistent with the

Arrhenius model for both Cream E45 and Vaseline Intensive Care Lotion.

Exponential indices were 4.9x10 3 and 9.7x102 respectively. Anne French Deep

Cleansing Milk appeared to maintain an approximately constant complex viscosity

of 1.1x10-2 Pa s with changing temperature (the data was noisy, due to limiting

rheometer sensitivity at this low viscosity).

Figure 5.4.5-6 Arrhenius Model 10°C—> 45°C - Branded Products
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5.5 RHEOLOGICAL / SENSORY RELATIONSHIP

5.5.1 Silicone Oils

Table 5.5.1-1 shows the original mean sensory values for each silicone oil. Also

shown in this table are the key rheological parameters for each sample. The

rheological parameters were all extracted from experiments conducted at 32°C,

except for the Arrhenius exponential index which was obtained from oscillation

experiments across the temperature range 10°C-> 45°C (see Section 5.4 for

details).

Table 5.5.1-1 Silicone Oil - Sensory and Rheological Values

50cs

Sample code:	 187

Silicone Oils
350cs	 1000cs

120	 113
12500cs

130
Visual Thickness 0.69 2.90 3.77 6.14

Visual Creaminess 0.77 1.88 2.01 2.67

Firmness 0.34 1.39 2.15 5.11

Amount of Peaking 0.11 0.49 0.90 2.95

Stringiness 0.04 0.54 1.37 7.10

Stickiness 0.21 1.13 2.28 7.79

Elasticity 0.10 0.83 1.64 4.77

Greasiness 1.13 3.35 5.52 7.44

Wetness 2.89 1.12 0.72 0.65

Oiliness 7.86 7.30 4.83 2.19

Spreadability 9.04 7.85 5.98 1.90

Creamy feel 3.31 4.00 3.30 1.29

Thickness 1.67 3.49 5.77 7.80

Smoothness 9.12 8.69 8.28 6.36

Thermal Effect 4.91 5.08 5.15 5.20

Absorbency 2.96 220 2.74 2.21

Residue Amount 6.71 7.52 7.33 7.61

Residue Tackiness 0.59 1.90 3.33 8.16

Skin Slipperiness 5.55 5.12 4.82 4.38

Skin Temperature 5.08 5.04 5.11 5.14

Shear Viscosity (constant) (log 10) -1.33E+00 -4.66E-01 0.00E+00 1.12E+00

G* (6.3 rad s-1 ) (log10) -5.53E-01 3.22E-01 7.78E-01 1.88E+00

Phase Angle (1 rad s-1 ) (linear) 8.80E+01 8.90E+01 8.80E+01 8.80E+01

Dynamic Visc. (constant) (log 10) -1.33E+00 -4.79E-01 0.00E+00 1.13E+00

Arrhenius EXP index (linear) 1.84E+03 1.81E+03 1.65E+03 1.58E+03

cs Viscosity (on label) (log) -1.30E+00 -4.56E-01 0.00E+00 1.10E+00

It was clear from comparing the sensory data with the original rheological data,

that it was appropriate to compare log 10 rheology values with the sensory data

rather than the original data. For example, visual thickness increased from 0.7 up
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Linear Chart of Shear Viscsosity vs.
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to 6.1, whilst shear viscosity increased from 0.047 up to 13 Pa s. Plotting both

attributes against each other on a linear graph looked like this - Figure 5.5.1-1(a):

Figure 5.5.1-1(a) Linear Chart
	

Figure 5.5.1-1(b) Log Chart

A logarithmic type curve was apparent, with the lower viscosity samples bunched

up at the bottom of the graph. Plotting the log 10 rheology data vs. the visual

thickness values spread the data out much more and hence resulted in a straight

line fit between attributes (Figure 5.5.1-1(b)). This indicated that the panellists'

linear 0 to 10 sensory scale was of a logarithmic nature.

It was clear from the above Table 5.5.1-1 that several attributes were closely

related. For example, as shear and dynamic viscosity and G* increased, firmness,

stringiness, stickiness and greasiness also all increased, and conversely -

wetness, oiliness, spreadability and skin slipperiness after-feel, all decreased.

The relationships between all the sensory and rheological attributes are

summarised in the correlation matrix, Table 5.5.1-2. Perfect direct relationships

obviously existed between the labelled cs viscosity, the measured shear and

dynamic viscosities and with G* (since it was totally viscous dominated). Perfect

or near perfect (r > 0.95) direct linear relationships existed between these

rheological parameters and visual thickness, visual creaminess, firmness,

elasticity, greasiness, thickness and residue tackiness. Perfect or near perfect

inverse relationships existed between these rheological parameters and oiliness,

spreadability, smoothness and skin slipperiness.
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Table 5.5.1-2 Silicone Oils - Correlation Matrix
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A matrix of mini scatter plots was also examined to assess how reliable the

correlation coefficients were at summarising each sensory/rheological

relationship. The matrix is shown in Figure 5.5.1-2. The x-axis on each graph was

the respective sensory attribute with a 0 to 10 scale. The graphs of labelled cs

viscosity, measured shear and dynamic viscosities and G* vs. the sensory

attributes were all very similar, as expected. Phase angle was a flat line, since all

values were the same 88°). All graphs, apart from creamy feel, showed an

approximately consistent increase or decrease. Creamy feel showed a maximum

in creaminess in the mid viscosity range: Creamy feel increased from 3.3 up to

4.0, then it decreased back down to 3.3 and then even lower to 1.3 as the shear

viscosity increased from 4.7x10•2 Pa s to 0.34 Pa s to 1.0 Pa s to 13 Pa s.

The Arrhenius exponential index did not follow the trend of the other rheological

parameters - it decreased with increasing viscosity. The Arrhenius exponential

index was closely correlated to sensory oiliness, both attributes increased

together.

Since there were so many different attributes, it was difficult to see the overall

picture by looking at these graphs or the correlation matrix. Principal components

analysis (see Section 3.3.4) was used, which successfully summarised all the

relationships. Figure 5.5.1-3 shows a PCA biplot of the first two principal

components which successfully summarised all (99.4%) of the variability amongst

the silicone oil samples.

The blue vectors on the biplot were the rheological parameters and the black

vectors were the sensory attributes. The labelled cs sample viscosity was also

plotted (in green). It was immediately obvious that the first principal (dim 1) was

related to viscosity, containing 96.1% of the variability between samples. The

second principal component contained most of the remaining variability, 3.3%.

With such minimal variability, no simple meaning or attribute was associated with

it.
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Figure 5.5.1-3 Biplot of Sensory and Rheological Attributes for Silicone Oils
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The rheological parameters that were identified as being perfectly correlated

(labelled cs viscosity, measured shear and dynamic viscosities and G*) were all

grouped together on the chart, very close to the 1 st principal component and

pointing in the positive direction. The majority of the sensory attributes were

closely aligned to these rheological parameters, and were also pointing in the

same direction. This meant that a sample with a high viscosity also had high

values for these closely related sensory attributes (such as greasiness, thickness,

stickiness, stringiness).

The rest of the attributes were also closely related and were aligned to the 1st

principal component in the negative direction. This meant that these attributes

were closely inversely related to viscosity. That is, a sample with a high viscosity

had a very low value on these attributes: spreadability, oiliness, wetness,

smoothness, creamy feel, skin slipperiness and Arrhenius exponential index.

The length of the vectors indicated the degree of variability across samples for

each vector. For example, skin temperature and thermal effect values were

practically identical for all the silicone oils, with values centred around 4. This lack

of difference between samples was responsible for the very short length of the

vectors on the chart. Conversely, vectors such as stickiness, stringiness,

spreadability and viscosity were all very long, indicating that these attributes

showed the largest differences between samples.

The sample positions relative to the vectors are also shown on the chart. The

relative intensities of the samples for each vector may be established by

perpendicularly intersecting each vector, including the extrapolation in the positive

and negative directions of that vector. For example, if all the sample points were

projected (perpendicularly) onto the greasiness vector, sample 130 (the 12500 cs

labelled silicone oil) was furthest to the positive side of the vector and hence the

greasiest sample, next came sample 113 (1000 cs), followed by sample 120

(350 cs), followed by sample 187 (50 cs) - which was the furthest in the negative

direction of the greasiness vector, and hence the least greasy sample. Similarly,

sample 120 (350 cs) was the creamiest (creamy feel), closely followed by 187 and

113, and then by 130 - which was the least creamy sample.
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Multiple linear regression (see Section 3.3.5) was used to identify which

rheological parameter was correlated the best with each of the sensory attributes.

R2 values are shown together with the best fitting rheological parameter in Table

5.5.1-3.

Table 5.5.1-3 Silicone Oils - Multiple Linear Regression

Silicone Oils

Best 1 Variable, Maximum R2 Model
Sensory Attribute Best Rheological Parameter R

2

Visual Thickness G* (6.3 rad s-1 ) (log10) 0.997

Visual Creaminess G* (6.3 rad s-1 ) (log10) 0.935

Firmness Dynamic Visc. (constant) (log 10) 0.962

Amount of Peaking Dynamic Visc. (constant) (log 10) 0.904

Stringiness Dynamic Visc. (constant) (log 10) 0.843

Stickiness Dynamic Visc. (constant) (log 10) 0.898

Elasticity Dynamic Visc. (constant) (log 10) 0.931

Greasiness G* (6.3 rad s-1 ) (log10) 0.970

Wetness G* (6.3 rad s-1 ) (log10) 0.726

Oiliness Arrhenius EXP index (linear) 0.961

Spreadability Dynamic Visc. (constant) (10910) 0.960

Creamy feel Dynamic Visc. (constant) (10910) 0.622

Thickness Dynamic Visc. (constant) (10910) 0.970

Smoothness Dynamic Visc. (constant) (log 10) 0.921

Thermal Effect G* (6.3 rad s-1 ) (log10) 0.885

Absorbency G* (6.3 rad s-1 ) (log10) 0.445

Residue Amount G* (6.3 rad s-1 ) (log 10) 0.688

Residue Tackiness Dynamic Visc. (constant) (log 10) 0.946

Skin Slipperiness G* (6.3 rad e ) (log10) 0.992

Skin Temperature Arrhenius EXP index (linear) 0.773

R2 values were mostly greater than 0.75 except for wetness, creamy feel,

absorbency and residue amount. Since dynamic viscosity, shear viscosity and G*

were all highly correlated, there was little difference between the best attribute

and one of these others. The Table 5.5.1-3 did show that oiliness and skin

temperature were best correlated with the Arrhenius exponential index, and all the

other attributes were viscosity related (G* being viscosity dominated in a

Newtonian fluid).

In order to predict the sensory intensity of a silicone oil from these rheological

parameters, the best 2-variable rheological model was selected by multiple linear

regression.
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Table 5 5.1-4 Silicone Oils - Best 2-Variable Multiple Linear Regression Model
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Table 5.5.1-4 shows the best 2-variable maximum R2 improvement multiple linear

regression model (see Section 3.3.5) for the silicone oil samples. By finding the

optimum combination of two rheological parameters to yield the highest R2 value,

the statistical technique generated predictive equations for each sensory attribute.

By inserting the specified rheological values into these equations, an accurate

value of the sensory intensity of a particular sample was calculated. The error on

the prediction was shown as the root mean square (RMS) error in the Table 5.5.1-

4. By using two variables instead of one, the power of the predictive model was

improved as can be seen from the higher R 2 values than in the single-variable

model, Table 5.5.1-3. The R2 values of each prediction equation were greater

than 0.96 in each case, and the error of the predicted value from the actual

observed sensory value on each 0 to 10 scale was less than 0.5 in all cases

except for stringiness and stickiness, where the RMS errors were 1.1 and 0.8

respectively. The reason that these errors were larger was because the

stringiness and stickiness values of sample 130 (12500 cs) were much higher

than the other samples, resulting in non-linear relationships. This can be seen on

the relevant scatter charts in Figure 5.5.1-2.

The way to use the rheological parameters and parameter estimates to predict

each sensory value is shown here:

Procedure for p redictinq a sensory value from rheoloqical measurements: 

For example, to predict the spreadability of a silicone oil:

• identify from the Table 5.5.1-4 which rheological parameters need to be known

for spreadability

in this case they were shear viscosity and G* (6.3 rad s4)

• Measure these parameters for the relevant sample, and take log 10 values if the

parameters require it from the Table 5.5.1-4. In this case both parameters

required logloing.

For a 1000 cs labelled sample, shear viscosity was 1.0 Pa s and G* was

6.0 Pa. Log i c) values were 0 and 0.7782 respectively.

• The R2 value indicated the likelihood of a good prediction

in this case the R2 value was 1.0 (a perfect correlation)
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The equation was thus:

Sensory Value = (Intercept)+(Estimate1 x Parameter1)+(Estimate2 x Parameter2)

9 = (-55.05) + (-80.80 x 0) + (78.43 x 0.7782)

... 9 = 5.98

9 is the predicted sensory value. The RMS error from the Table 5.5.1-4 gives an

indication of the accuracy of the predicted result, i.e. ± 0.01

The observed value of spreadability for this sample as measured by the panel

was 5.98, which was in exact agreement with the predicted value.

In summary all the sensory attributes of the silicone oil samples were closely

related to viscosity except for creamy feel which showed a maximum in mid range.

Little variation was present between silicone oils for thermal effect, absorbency,

amount of residue and thermal effect. Sensory values could generally be

accurately predicted using a 2-variable multiple linear regression model.

5.5.2 Water-in-Oil Silicone Emulsions

The W/O silicone emulsion samples showed a wide variation between samples for

all the rheological parameters and for the majority of the sensory attributes. Table

5.5.2-1 shows the sensory values for each attribute as well as the appropriate

linear or log 10 extracted rheological values. The rheological parameters were all

extracted from experiments conducted at 32°C, except for the Arrhenius

exponential index which was obtained from oscillation experiments across the

temperature range 10°C-÷ 45°C (see Section 5.4 for details). It was clear by

inspection that several attributes such as visual thickness, visual creaminess,

firmness and amount of peaking increased with increasing volume fraction. The

rheological attributes such as shear viscosity and phase angle similarly increased

and decreased respectively and were closely related to these sensory attributes.

The correlation matrix, Table 5.5.2-2, shows all the relationships in detail.
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Table 5.52-1 W/O Silicone Emulsions - Sensory and Rheological Values

W/O Silicone Emulsions
40% 50% 60% 70% 80%

Sample Code -	 128 181 174 155 123
Visual Thickness 1.49 1.80 4.78 8.75 9.29

Visual Creaminess 3.79 4.12 6.55 7.95 7.41

Firmness 1.11 1.16 1.45 3.51 5.79

Amount of Peaking 0.31 0.46 1.17 5.37 6.28

Stringiness 0.25 0.21 0.68 1.49 1.31

Stickiness 0.49 0.68 0.96 2.49 3.34

Elasticity 0.54 0.49 1.19 3.48 5.00

Greasiness 1.55 1.74 2.31 5.42 5.44

Wetness 3.81 3.65 3.33 1.55 2.49

Oiliness 6.29 6.39 5.02 3.66 2.88

Spreadability 8.55 8.25 7.66 7.32 5.80

Creamy feel 3.99 4.71 4.68 6.43 5.16

Thickness 1.71 2.47 3.86 5.08 6.31

Smoothness 8.76 8.53 8.52 8.10 7.67

Thermal Effect 4.68 4.38 3.60 4.38 3,46

Absorbency 6.53 6.50 7.26 7.58 8.65

Residue Amount 3.59 3.03 2.09 2.26 1.11

Residue Tackiness 0.67 1.40 1.09 3.42 3.94

Skin Slipperiness 5.39 4.56 4.08 4.63 3.61

Skin Temperature 4.95 4.79 4.37 4.65 3.88

Shear Visc. Power Law Const. (log 10) -1.16E+00 -7.90E-01 -5.44E-02 1.42E+00 2.49E+00

Shear Visc. Power Law Index (linear) -9.49E-02 -1.12E-01 -2.52E-01 -6.29E-01 -8.67E-01

G* (6.3 rad s-1 ) (log10) -5.23E-01 -2.52E-01 3.01E-01 3.00E+00 3.60E+00

Phase Angle (1 rad s-1 ) (linear) 7.90E+01 6.70E+01 5.30E+01 4.00E+00 1.00E+00

Complex Vi SC. Power Law Const. (10g i0) -1.27E+00 -9.21E-01 -2.84E-01 2.98E+00 3.56E+00

Complex Vi SC. Power Law Index (linear) -8.00E-02 -9.00E-02 -3.00E-01 -9.78E-01 -9.90E-01

G(0) (from G') (log 10) -1.85E+00 -1.09E+00 -2.47E-01 3.02E+00 3.57E+00

G1 (from G') (log 10) 4.65E-01 6.29E-01 6.33E-01 3.02E+00 3.57E+00

Relaxation Time (from G') (linear) 1.05E-02 1.03E-02 1.47E-02 n/a n/a

GOO (from stress relax.) (log 10) 3.62E01 7.48E01 1.20E+00 3.00E+00 3.57E+00

Relaxation Time (from stress relax.) (log 10) -1.00E+00 -7.70E-01 -3.98E-01 2.78E+00 2.78E+00

Arrhenius EXP Index (linear) 1.77E+03 1.83E+03 2.95E+03 6.16E+02 1.87E+02

Volume Fraction (linear) 4.00E-01 5.00E-01 6.00E-01 7.00E-01 8.00E-01
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Table 5.5.2-2 W/O Silicone Emulsions - Correlation Matrix

,„
2
c

12
1-
iii
7

.,;2

(1)
C
0

•	n

(1)

M

E
ILI

0
C
0

(..)
.

.....

0LE,.

an
„9

Z•
c.,..,0
E
w

•	 .na,
jr,

•	 ..n

c.)

c'Sv.c
1

6

CO

CO

a)
Le
161

X

C

0

r)
TDC

.„.

'4;
1.-oc",i).)

0
U)c
a)

CO

C
COo

.
a)
.0

06

.a^

,c,-a
2

'au)

s
>.
g

0

........
U)s-
a)

..—
a)
E
as
,._
as

a._
as
C)
.-
0 )
0

0
a)

Et

.
gic
:2
I-

,n.,
°cc
'6
E

CD

CO el

—

2
0
Y
.

.- I-S	 613
0 -0E -,T,
< ED
a) CL

—

22
-,
a)
°-
co

.-E0

to

c--3
r)
O.
E

.03
,-
c

-z;
622

g
C;

g

Li

5
to'
0
6

....73-'0.,
.g

.-E,c

_.,
r,

.,L,
.-
TI)

U)

—

—
M-
.c.a)

..._.

V

a)-6,
c

1,
v
.c

—

Cr)
2
1-8
0

2,
t.
ci_

LfE_ .!d
---
0-Eo

—
tr,
2

L9
Ee
g,
E
c

.762,cg
rat.,

_

--,3
6;
0
....----

g

ra)
'"
15
2

.___
g

(9--

..-7-ET.,6---

-a
6)o
—

E
„„
ri)).-
E
,o

.....,

E

.5
.115

g.5.

-c)
E
o_
x
al

.;

,..n---
-

1---
gi

co
Er2

Li_
a)E2
>

9

,--z-
2.s

.8
c

3

Zii

r2
!a°5
>al

..-E
o

-,-
CD
0

57:,—
g

___"?-c,
6

gc"-
CD
E

E':._-,
6

i'l" ,., s•-

co

ci
_

9
an

&
I--CD
p

aa)
p

a, N.
co
ci

83

c i
SO.,
ci

oi,

D-
C.ED
d

coa)
0-

r,
0)
0-

0
0
s-

a)
a)
0

g,2_
,

.6,-.-
'in
v
co

ED

t3

a)CD
cc

c0
01
ci

CO
a)0-

a) CD
C3
'7

C)co
d

0,a)
q

0)a)or
0c,.s -

03
Cn
o-

03
Cr)
o-

C3
0
s_

03
a)
6

03ODci
-V
a)ci

CDc.,_
c.

.

ccc
0)6

0
0
7

N-
0
9

r-0,_
9

CD01
9

CD0,_9
c....
I--ci

CO
co_9

oo

9
0

.-

,3,

9
8

*-
sr,,
c)

gi
c)

8

..-

83

c.
oo

.

A-
_c)

a,CD_
p
Iii-n_

OCjp

CDCD c.„
a3

03 c0
CD
9-

Ena)
9

0) r--a)
c.:"

c7,
0

In
Cn
q

co
a)
0-

c0CY,q
COa,0-

N-cn
9-

c0
Cn
cc

r-a,
ci

ela,
ci

a)
N-
9-

co
CD
cc

NC
co9

co
h..
0

3-
r--.
9

cc,
co
cs

CD
N.
9

co
co
0

NE
r-

9
CO
a)
99

r-
LO

tor---
9 9

a,al
d

0c0
q

,.% f.......) 6..

09-09-090
IL Ccs ,S ,93 ta

lO
Ci

CO34-
q

el
LO
s4'

.n.
,,,i
4=c

C O
CO
q

0co
d

'

N-co
cj

6
si

CD a, 03 a,N-00N-0303c0Enc0C003CONE
Co

696-9cicio-ddsid
CD CD CD 03 03 cD

_,
0
03

To
E
45
Ci_

,...0
w
.06

<

7
:2	 ,._CC.En	 • -
Ce 9

el01
o-

c003
o"

r---c0
ci

01
c0
q

csi
03
9-

c,c
V)
c0

r--
r--

0
r-

dq9-9-9"9Cdcii-

(13
03

CD
I--

co
.„,-

r2cr,

a)	 ,....
03 co

c)
CO

w v 94-09-9-0909
cv
01 ,....a, CDCD cs,cc, 0

°a
a

44
c.,
a.0

CO
CO
9-

coa,
6

CO0-
0.

as 01co	 ''s
d 9

..a-a
6

Nras
ci

c4cc,
6

I--u-,
ci

03'''t
9

0
.0
ci

t".•.0'
9

..cr31-.
ci

.7,3
6

;7
9

co
cr3
969

J)c,
NI
N-

030
ci

a "•-•co 0,
0- 5;

CD
133
Cii

co
oc
0

,
03

En
CD

u",
03
°i;

•-0)
ci"

I--03
cii

NJ _
;3
6

CD
c i i

,-
,....
0

N.
0„
ci

ED	 ,,,
0, 0,
9- ci

0
c0
q

CD a,
03ci.

I,-0,9-
0
Cnci.

En
01
ci

r--03
cl

NI
CD
c;

03
c00.

N.
03
cn

C31
CD
cn

0CO9
0
CI

co,._. ,-el '1)NJ cr,co COED N.c._ cnCO CDc.,
00q0Sio9o9-cpoocc39c3

CsiCO 0co u-3N_ ZT:, N.rn a)co .,_,c0
-

3-r-

co LoCD
9T
,
cn0

r....
r-0

a09
,c,	 03
01 000 9-
,
c00 al

5
CO co

cc,
d

0
a)
9

c.„
co
o9

a
03

co
co
cc

CI
CD
9

03
c0
9

3--
c0
9

el
a)
9

-cr
CO
9

c.„.
co
ci

LO
CD
9

a-,
cr,

o
rn

co ..4.
CD

ca
CO 'O5 O 30

c, NI a 0
CO

a, d 99 od9d9do9d9 d9o99999o9
CD0, cc,

Cr)
N- i.„,

0)
n-03 c..„

03
0303 •Er

CD
er
01

CO
cn

LO
01

a
h,

1,-
a)

ea
cr)
6

0CO9
31
r--0

0
EN0-

N- 03
LO
ci

co
el
o-

oo
e36

NICOci
cs,
coci

CDco
q

c,,,
cnci

0 coa, oo) n.co cgo)
ci qq 9- 9' cr.i09

r---
CO

aCD 0,
co

0)
I--

6.3

q

a) m c...)
Cn
cs

cslCD
9-

,-.4'
9

03
c0
cc

03	 I--1--	 CD9- cs
,1'0si

"zCO
9-

co
CDci

N-Cr,q
CD
a)
ci

0,0,
9-

0
0
.--

0 as
03
cc

a,
CD
6

a,
a)
d

a,
03
ci

o 
0
.-

cs+0
q

ei
cr,
6

o
CO
q

N.
CD
Ci;

ul
03
cii

a,
03
01
9-

al
ul
c i

CO	 c.„
CO oc

Ur)
CO

CO a
0)

0 0,
0)
ci

CD cc,
CI),D
ci

CO
9-

I--
MO)
ci

03

c:)-
)13cn
ci

CDa
cc

elco
9-

o.a,
ci

a.
i

c._'D
t,
0

<

a
w, iS
F 

,,,,
a

N.
cn
o9

NE

99

Cn
CO
5o 99

a3a) °3CDq
c0
0)

N-
0-9o'

CD
13)

00
7

CD
CD0

N-0,
94-

CD
CDcs

SI

0 0
SD,

0
6-

0
g
q

al.

0
.'2' cD(-4.- 
-1. 6cn

"a)
d

C°a)
5

8_
9

Vii_
9

8
9

.°03
ci-

Cs'0)
ci

::n3'_
9

En
03
5

c0
N-
q

el
LO
cc

3-
cp.
9

,,-,
o,
6

C.,
03
c ii

c0 c00
ci

r--
03
5

el
a)
c i -

•st
Cr,
c i -

La
0)
cr

N.
CD
c i

0 3--
CD
d

i',c
E
2
0
7,

>

,,,2
c
€

LI_

E ddd
Ea FA E&D g)3 3 3 rc; -, go, ci. El 1-'14 .4 y. ,

09990-09-90909909-9.-,90.=
c.c 0 SO, a)o ., 03‘. 0 c

c as
g; 8 2, 8 2 31 8 g .,, as3

6d696
g .,) Los 13

ci
61

ci
2 tr., 2 COa, f ...-ul toa, 1"--03 r--

CD
d

030,cii
Er)
CD0-

3 C., A
a

�7. ,
9

Ec; ;3
d d

6- 1

d
2

ci
ial
a

a;

ci
a
1;"1

a,
co
a

a,
CO
d

CD cr) CO
ci:,
d

,..,
a
d

0) 01 En
CO
9-

c0
a)
9

co
co
cS

c1303
9

el co
co
ci

el
03
cs

NJ
CO
ci

0MI
ci-

co
•01.
9-

csi0)
ci

c)
a)
C3-

r--
CD
d

cc
a)

ED 01
a)
q

Cn
N.
d

COa,
ci

01a,
9-

I--al9
NEcr,
ci

1---	 cr)a) co
9- d

r....cr,0
c---a,9-

03
Cr)0

0,Cr,9-
co
a)0

0, 03
030

-a
a)0

-a
CD0

03
Cn0

1---
010

CD03
9-

CO
CncC

181



0

tal
C.)

cn

a)
s_

11
ig

----,_ r---- .\\ J\ \ ) \,. \ ---_____1 (- \\\ -/ \ .

,-;;;t- ._______ ..__., ,_____ ,,_______ .____, c______. _____--• ,---__ , ,-----,- .--,-Th ,-.--.,---_,

i

q'

/

--'N" \ r' .--. ''-'.'% /'-1 r--- '-'• '-'.1 ------^, -''.--1 ''. ' \----7

,
i1 .,-----/ '-----, c-----/ ',___---1 r—__/ ',,_-3

p

I\-_ _J \ -_,„..... \ t_Th. n.____,.._ ___./ ,..„._	 2.

4 t,
. ,-. -'-'U .----,-, ..------, /-------/* ---,.---, .-------.7 ••,.-------7 f------,-- ,------3-

'g)t1
z

----------- .------- ------- ----- _____- ,--• r___--.. .,,__--n—n•• .—s___ ..,,..—.--..----..

1
--,-__\ (___-- \-_____\ j______)\—_,, (____) \_____N. \______1 _________,E______\ •-____\ _.__-/-\\

V V.
u

r:t:

%

/------- s----- /---'. -----; l--- ‘----- r---- r /------ '----\ /-----c

! /' \ P - • - f \ /- )* —jr

i
'i -,_------ ----,, ...---- ------_,,,,---- -------, ,---- ,___--- ,--- ...------ .<-_,Nr.

1; N- .7 \ .-,-' \	 . - ‘\,-

1
‘6: -''''--- ----.--- '-------. -------"-------. .------' .---------. N-------, 1----------. '--------. -------.'\--_.

1 E
Liz

--------. ------ ------_ ----------.. ----- -----___ ------Th. ---------
	 -

,---------

2

;, \ N. YN N_ Z

1 ... .,• ' >

g ,=

g 1
g =4 ''\. / -_. (_

11	 1

Irl:1
LI

Pi (' ' 'i "I ruirVi I";
.:61o gi

°'
.--.I	 --,..i -2.41

P I ;
w:
HI

Figure 5.5.2-1 W/O Silicone Emulsions - Scatter Plot Matrix

182



From the correlation matrix it was clear that the majority of the sensory attributes

were closely correlated with the rheological parameters, with correlation

coefficient values close to +1 or -1. The only sensory attributes which were not

closely related to any of the rheological parameters were thermal effect, skin

temperature and skin slipperiness. These attributes had very narrow spreads of

behaviour across the samples.

Figure 5.5.2-1 shows the mini scatter plots of the sensory attributes vs. the

rheological parameters. Also included, on the right hand side and along the

bottom, are volume fraction graphs. This made it easy to see what effect an

increase or decrease in the volume fraction had on each sensory and rheological

attribute. Sensory attributes were all on 0 to 10 scales.

The graphs indicated that generally the sensory attributes either increased or

decreased consistently with the rheological parameters, thus leading to good

linear relationships and therefore high correlation coefficients. An exception was

similar to that seen with the silicone oils: the creamy feel and visual creaminess

attributes went through a maximum. Creamy feel and visual creaminess increased

consistently with increasing viscosity and volume fraction up until the 70% sample

which was the most creamy. Increasing the volume fraction/viscosity further

resulted in a decrease in creamy feel. This was because creamy samples tend to

have medium viscosities - samples with high or low viscosities do not feel as

creamy as mid range samples.

A similar effect, in this case a minimum in the wetness scale, was also noticed for

this sample (70% W/O). The explanation in this case was, that liquid-like samples

(up to 60% volume fraction) were generally treated as the wettest samples, whilst

the solid-like samples (70% and 80%) were not treated as wet on the skin

(basically wetness was closely inversely correlated with viscosity and volume

fraction). In this case, however, the emulsion system of the 80% W/O sample

broke down after rubbing the sample on the skin, resulting in the sensing of the

water phase on the skin and hence a much higher wetness rating than expected.

All the relationships between attributes were again most satisfactorily summarised

with principal components analysis, see Figure 5.5.2-2.
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Figure 5.5.2-2 Biplot of Sensory and Rheological Attributes for W/O Emulsions
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The first two principal components accounted for 97.8% of the variability between

samples. This meant that the two dimensional representation was an accurate

depiction of the relationships between the attributes. The first principal component

(dim 1) explained the majority (94.2%) of the variability and was directly related to

viscosity and sample volume fraction, and inversely related to phase angle. This

meant that any samples high up on the positive side of principal component 1 had

high viscosity, high volume fraction and low phase angle values. The opposite

was true for sample towards the negative side (i.e. to the left hand side of the

chart).

The shortest vectors indicated the lack of discrimination ability of these attributes

to tell samples apart from one another. All samples had similar values for these

attributes. They included stringiness and stickiness, where all samples had very

low values. All samples had very high smoothness values. Thermal effect, skin

temperature and skin slipperiness had values centred around 4 or 5 on the

scales.

Oiliness, peaking and visual thickness were among the strongest sensory

attributes in terms of sample variability. Visual thickness was closely directly

related to viscosity, G* and thickness, whilst it was inversely related to oiliness

and phase angle. Oiliness, apart from being closely directly correlated with phase

angle, was also closely related to wetness and spreadability, all of which were

inversely related to volume fraction and viscosity.

Arrhenius exponential index was pointing slightly more towards the second

principal component than the other samples, although the majority of its variability

was still within the rt principal component. Arrhenius exponential index increased

with increasing volume fraction up to sample 60%. The higher volume fraction

samples, 70% and 80%, were much lower on the Arrhenius exponential index

scale than all the others. This was seen on the chart with these latter samples in

the bottom right corner, on the negative side of the vector, and the 60% sample

on the top left of the chart, highest up on the vector. The thermal effect vector

showed that the 60% and 80% samples were the most cooling. All the other

vectors showed the samples in line with volume fraction.
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Maximum R2 improvement multiple linear regression identified the underlying

rheological parameter which was most closely correlated with each sensory

attribute. Table 5.5.2-3 showed that most sensory attributes could be successfully

modelled with R2 values of 0.9 or better. Exceptions were: skin temperature,

thermal effect, skin slipperiness and creamy feel and residue amount.

Table 5.5.2-3 W/O Silicone Emulsions - Multiple Linear Regression

W/O Silicone Emulsions

Best 1 Variable, Maximum R2 Model
Sensory Attribute Best Rheological Parameter

,
R2

Visual Thickness Phase Angle (1 rad s-1 ) (linear) 0.977

Visual Creaminess Phase Angle (1 rad s-1 ) (linear) 0.856

Firmness Shear Visc. Power Law Index (linear) 0.964

Amount of Peaking G* (6.3 rad s-1 ) (log 10) 0.998

Stringiness Complex Visc. Power Law Index (linear) 0.970

Stickiness Shear Visc. Power Law Index (linear) 0.996

Elasticity Shear Visc. Power Law Index (linear) 0.997

Greasiness Relaxation Time (from stress relax.) (log 10) 0.999

Wetness Relaxation Time (from stress relax.) (log) 0.869

Oiliness Shear Visc. Power Law Const. (log1 0) 0.974

Spreadability Shear Visc. Power Law Const. (logic) 0.921

Creamy feel Phase Angle (1 rad S-1 ) (linear) 0.694

Thickness Shear Visc. Power Law Const. (logic) 0.974

Smoothness Shear Visc. Power Law Const. (log10) 0.962

Thermal Effect Shear Visc. Power Law Const. (log10) 0.390

Absorbency Shear Vise. Power Law Const. (log10) 0.939

Residue Amount Shear Visc. Power Law Const. (log10) 0.827

Residue Tackiness G1 (from G') (log 10) 0.981

Skin Slipperiness Shear Visc. Power Law Const. (log 10) 0.538

Skin Temperature Shear Visc. Power Law Const. (log 10) 0.678

The majority of the skin-feel attributes were best modelled with viscosity, although

all the rheological parameters (apart from Arrhenius index) were very closely

correlated, and therefore there was very little difference between them, one

attribute was virtually as good as the next in modelling the sensory attributes.

(This was noticed in the correlation matrix).
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Table 5.5.2-4 shows the best 2-variable maximum R2 improvement multiple linear

regression model for each sensory attribute. The R 2 values were all 0.99 or better

with RMS errors of less than 0.26 in all cases. This meant that the model was very

accurate for predicting sensory values for W/O silicone emulsions.

Using a 2-variable model increased the R2 values of the predictions over the 1-

variable model. The attributes that were not well modelled with the 1-variable

model were much more satisfactorily modelled using two variables.

5.5.3 Oil-in-Water Silicone Emulsions

The 01W silicone emulsion samples did not show a wide variation between

samples for the rheological parameters or the sensory attributes. This was in

contrast to the W/O silicone emulsion samples, which did show a wide variation.

Table 5.5.3-1 01W Silicone Emulsions - Sensory and Rheological Values

01W Silicone Emulsions
5% 10% 20% 30% 40% 55%

Sample Code -	 161 126 112 172 110 170
Visual Thickness 8.63 8.51 8.33 8.15 8.44 8.57

Visual Creaminess 8.27 7.01 7.49 7.67 6.87 7.11

Firmness 2.80 3.55 3.32 3.21 3.77 3.65

Amount of Peaking 5.48 5.89 5.88 5.56 5.43 5.59

Stringiness 1.48 2.08 2.30 1.86 1.64 2.00

Stickiness 1.61 1.76 1.64 2.31 2.36 2.49

Elasticity 2.56 3.35 3,50 3.02 3.74 3.82

Greasiness 2.85 2.99 3.20 4.27 4.03 5.92

Wetness 3.01 3.41 2.21 2.82 2.29 1.58

Oiliness 6.10 5.53 4.79 4.12 5.37 3.53

Spreadability 8.18 8.25 8.19 7.78 7.38 6.76

Creamy feel 6.57 5.77 7.18 6.75 6.22 6.69

Thickness 3.95 3.72 3.69 4.09 4.72 5.85

Smoothness 8.70 8.62 8.71 8.36 8.26 8.31

Thermal Effect 4.07 4.08 4.21 4.50 4.78 4.56

Absorbency 5.98 6.82 6.51 5.63 7.05 5.67

Residue Amount 3.19 3.11 3.42 3.98 2.46 4.44

Residue Tackiness 2.50 2.92 3.26 3.10 4.01 3.79

Skin Slipperiness 3.53 3.66 3.11 3.44 3.96 3.62

Skin Temperature 4.26 4.58 4.54 4.73 4.84 4.70

Shear Visc. Power Law Const. (linear) 4.84E+00 1.66E+01 1.65E+01 1.44E+01 1.40E+01 1.35E+01

Shear Visc. Power Law Index (linear) -6.29E-01 -7.13E-01 -7.35E-01 -7.23E-01 -7.00E-01 -5.80E-01

G* (6.3 rad s-1 ) (linear) 1.60E+02 5.40E+02 5.80E+02 5.00E+02 5.30E+02 6.00E+02

Phase Angle (1 rad s-1 ) (linear) 4.40E+01 2.50E+01 3.20E+01 3.50E+01 3.20E+01 2.80E+01

Complex Visc. Power Law Const. (linear) 1.00E+02 3.60E+02 3.90E+02 4.60E+02 4.20E+02 5.70E+02

Complex Visc. Power Law Index (linear) -7.00E-01 -7.40E-01 -7.50E-01 -7.50E-01 -7.50E-01 -7.50E-01

G' Power Law Const. (linear) 7.00E+01 3.42E+02 3.59E+02 4.14E+02 3.61E+02 5.24E+02

G Power Law Index (linear) 4.00E-01 2.45E-01 2.57E-01 2.64E-01 2.84E-01 2.61E-01

G(00) (from stress relax.) (linear) 5.20E+02 6.00E+03 2.50E+03 1.85E+03 4.00E+03 4.00E+03

Relaxation Time (from stress relax.) (linear) 2.90E-01 1.50E-01 2.00E-01 2.20E-01 1.20E-01 2.50E-01

Arrhenius EXP Index (linear) 1.25E+03 2.43E+03 1.37E+03 4.75E+02 1.57E+03 1.30E+03

Volume Fraction (linear) 5.00E-02 1.00E-01 2.00E-01 3.00E-01 4.00E-01 5.50E-01
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Table 5.5.3-2 01W Silicone Emulsions - Correlation Matrix
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Table 5.5.3-1 shows the sensory and rheological values for each sample. The

rheological parameters were all extracted from experiments conducted at 32°C,

except for the Arrhenius exponential index which was obtained from oscillation

experiments across the temperature range 10°C—> 45°C. Since the differences

between the samples were so small, all the values were used in their original

linear form.

The correlation matrix in Table 5.5.3-2 showed much lower correlation coefficient

values than were seen with the W/O silicone emulsions. Most of the sensory

attributes had correlation coefficients of less than ±0.8. The only sensory

attributes which did show satisfactory correlations were identified from multiple

linear regression. Table 5.5.3-3 shows the best single-rheological variable which

fitted the sensory data. Visual creaminess was most closely related to G(00) with

an R2 value of 0.81. Firmness was best modelled by phase angle. Elasticity was

related to complex modulus, oiliness was related to complex viscosity, and

absorbency was related to relaxation time with R 2 = 0.70. The other best

relationships are shown in the Table 5.5.3-3, together with their R2 values.

To see how realistic these relationships were, the mini scatter plots of each

sensory attribute against each rheological parameter were inspected. Figure

5.5.3-1 shows the scatter plot matrix. The relationship of each attribute to volume

fraction was also shown in the scatter plot matrix. It was clear from the scatter

plots why the correlation coefficients were so small - most sensory attributes

showed little variation between samples and hardly any significant trends were

seen. The attributes with the higher R2 values, from the multiple linear regression

single variable model, showed the best trends as expected.

Principal components analysis was successful at identifying how all the attributes

were related and at summarising the differences between the samples. Figure

5.5.3-2 shows the PCA biplot for the 01W silicone emulsions.
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Table 5.5.3-3 01IN Silicone Emulsions - Multiple Linear Regression

ONV Silicone Emulsions

Best 1 Variable, Maximum R2 Model
Sensory Attribute Best Rheological Parameter R

2

Visual Thickness Shear Visc. Power Law Index (linear) 0.518

Visual Creaminess G(00) (from stress relax.) (linear) 0.806

Firmness Phase Angle (1 rad s-1 ) (linear) 0.709

Amount of Peaking Shear Visc. Power Law Const. (linear) 0.389

Stringiness Shear Visc. Power Law Const. (linear) 0.645

Stickiness Complex Visc. Power Law Const. (linear) 0.596

Elasticity G* (6.3 rad s-1) (linear) 0.760

Greasiness Complex Visc. Power Law Const. (linear) 0.642

Wetness Complex Visc. Power Law Const. (linear) 0.394

Oiliness Complex Visc. Power Law Const. (linear) 0.763

Spreadability Complex Visc. Power Law Const. (linear) 0.497

Creamy feel Arrhenius EXP Index (linear) 0.504

Thickness Shear Visc. Power Law Index (linear) 0.555

Smoothness Complex Visc. Power Law Const. (linear) 0.492

Thermal Effect Complex Visc. Power Law Const. (linear) 0.442

Absorbency Relaxation Time (from stress relax.) (linear) 0.703

Residue Amount Relaxation Time (from stress relax.) (linear) 0.372

Residue Tackiness Complex Visc. Power Law Const. (linear) 0.593

Skin Slipperiness G(cc) (from stress relax.) (linear) 0.199

Skin Temperature Complex Visc. Power Law Index (linear) 0.769
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Figure 5.5.3-2 Biplot of Sensory and Rheological Attributes for 01W Emulsions
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The first two principal components from the biplot, Figure 5.5.3-2, accounted for

82.1% of the variability between samples. The 1 st principal component was

directly related to the elastic modulus (G' power law constant), and to residue

tackiness. Only the key rheological attributes were plotted so as not to swamp the

correlations between sensory attributes.

The 2nd principal component contained 28.5% of the variation between samples

and was inversely related to Arrhenius exponential index and absorbency. The 3rd

principal component, which was not shown, contained 10.7% of the remaining

unexplained variability, but contained no significant relationships.

The most apparent relationships between attributes were:

Spreadability, wetness and oiliness were directly related to each other and were

inversely related to volume fraction, stickiness, greasiness and thickness. This

indicated that increasing the volume fraction resulted in an increase in the latter

attributes and a decrease in the former attributes.

Visual creaminess was directly related to phase angle, and both were inversely

related to stringiness, firmness and shear viscosity.

The shortest vectors (the ones showing the least variation between samples) were

skin slipperiness, visual thickness, peaking, skin temperature, smoothness and

viscosity power law index. The longest sensory vectors, i.e. the attributes with the

largest differences between samples, were greasiness, oiliness, wetness and

spread ability.

The sample positions projected onto each vector indicated the observed

differences between samples. Sample 161 (5% volume fraction) was situated in

the top left corner of the chart and was hence the most visually creamy and the

least firm sample. Samples 170 (55%, the highest volume fraction) and 110 (40%)

were the firmest samples.
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Table 5.5.3-4 01W Emulsions - Best 3-Variable Multiple Linear Regression Model
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Although the best 1-variable maximum R 2 improvement multiple linear regression

model was only good enough to model 6 of the 20 sensory attributes, the best

3-variable model did satisfactorily model all of the attributes. R 2 values were in

excess of 0.93 and RMS errors were less than 0.21 for the 3-variable model. The

model is shown in Table 5.5.3-4. The model was accurate at predicting the

sensory values for the 01W silicone emulsions. The sensory attributes all had

different combinations of 3 rheological parameters to best predict their sensory

values for each sample.

5.5.4 PVA/Sodium Borate Gels

Table 5.5.4-1 shows the sensory attribute values and rheological parameters for

the PVA/sodium borate gels. Attributes such as visual thickness and elasticity

showed a large variation across samples, approximately consistent with

increasing viscosity and elastic modulus values. Other attributes such as amount

of peaking, creamy feel, oiliness, thermal effect, skin slipperiness and skin

temperature did not show any trends or differences between samples.

The correlation matrix in Table 5.5.4-2 showed which of the sensory attributes

were related together and how well they were correlated with the rheological

parameters. The best relationships between sensory attributes had correlation

coefficients of ± 0.85 or larger. Visual thickness was directly correlated to visual

creaminess and firmness. Firmness was also directly correlated with elasticity and

thickness, and inversely correlated to absorbency. Stickiness was closely

correlated with stringiness and elasticity. The attributes with little variation

between samples, as mentioned above, were understandably not well correlated

with any of the other sensory attributes.

The best 1-variable maximum R2 improvement multiple linear regression model, in

Table 5.5.4-3, showed which rheological parameter was most closely correlated to

each of the sensory attributes.
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Table 5.5.4-1 PVA/Sodium Borate Gels - Sensory and Rheological Values

A2 A3

PVA/Sodium Borate Gels
A4	 A5	 A6 A7 48

Sample Code -	 171 168 147 118 133 136 177
Visual Thickness 1.51 3.09 3.91 3.81 5.14 5.91 7.49

Visual Creaminess 0.74 1.58 2.38 1.96 2.77 2.94 2.91

Firmness 0.75 2.32 2.09 4.10 2.48 3.59 5.84

Amount of Peaking 0.29 1.09 1.11 1.46 0.89 1.30 0.60

Stringiness 0.36 6.16 5.82 5.83 5.93 6.52 5.92

Stickiness 0.46 2.21 2.17 3.31 2.21 3.15 3.21

Elasticity 0.60 2.65 2.29 6.07 3.42 4.95 7.61

Greasiness 0.49 1.75 0.63 1.33 1.29 1.22 1.61

Wetness 7.22 4.86 7.57 5.91 6.57 6.69 4.14

Oiliness 2.39 4.00 2.79 3.02 2.74 2.86 2.84

Spreadability 6.84 6.61 7.39 6.01 7.02 6.78 4.11

Creamy feel 2.13 2.54 2.78 1.82 3.22 2.25 2.18

Thickness 1.53 2.96 1.96 4.24 2.26 2.83 5.03

Smoothness 6.82 8.29 7.57 4.49 7.94 7.43 6.30

Thermal Effect 3.72 3.76 3.36 3.63 3.58 3.99 4.29

Absorbency 7.53 7.12 7.99 5.65 8.30 6.95 4.76

Residue Amount 3.35 2.51 3.20 4.36 2.95 2.78 4.78

Residue Tackiness 3.62 3.84 3.83 4.19 2.79 3.26 3.85

Skin Slipperiness 5.48 5.06 5.25 5.99 5.71 5.54 5.41

Skin Temperature 4.52 4.67 4.59 4.46 4.65 4.61 4.71

Shear Viscosity (co) ( logio) -1.72E+00 -1.51E+00 -1.31E+00 -7.21E-01 -3.07E01 -1.81E-01 1.36E01

Shear Viscosity (0) (log 10) -1.24E+00 -6.82E-01 -3.89E-01 -2.22E-01 3.25E-01 7.26E-01 9.09E-01

a (from shear visc. Cross mod.) (linear) 9.69E-01 5.19E+00 1.37E+01 2.33E+00 3.01E+00 2.54E+00 3.69E+00

n (from shear visc. Cross mod.) (linear) 9.63E-01 6.03E-01 7.56E-01 6.36E-01 1.21E+00 8.22E-01 8.37E-01

Shear Rate at Thickening (log 10) n/a n/a n/a 200E+00 1.78E+00 1.36E+00 1.15E+00

G* (6.3 rad s-1 ) (log10) -1.25E01 -1.55E01 -3.98E-01 0.00E+00 3.98E01 7.24E01 1.00E+00

Phase Angle (1 rad s -1 ) (linear) 8.50E+01 8.40E+01 7.90E+01 7.00E+01 7.60E+01 7.30E+01 7.80E+01

Dynamic Visc.(0) (log 10) -1.81E+00 -1.61E+00 -1.28E+00 -9.06E-01 -5.09E-01 -2.37E-01 3.78E02

Relaxation Time (from Osc.) (linear) 1.62E-02 8.32E-03 7.10E-03 1.24E-02 1.78E-02 2.65E-02 3.37E-02

G(0) (from Osc.) (log10) -3.05E+00 -2.52E+00 -2.00E+00 -1.22E+00 -1.00E+00 -7.21E-01 -6.78E-01

G1 (from Osc.) ( 1 091o) -1.52E-02 4.73E-01 8.74E-01 9.99E-01 1.24E+00 1.34E+00 1.51E+00

G1 (from stress relax.) (log 10) 3.42E-01 4.77E-01 5.68E-01 7.78E-01 1.11E+00 1.30E+00 1.49E+00

Relaxation Time (from stress relax.) (linear) 2.50E-01 2.00E-01 2.70E-01 2.70E-01 2.50E-01 2.00E-01 3.00E-01

G(0) (from stress relax.) (log 10) -203E+00 -4.95E-01 n/a -7.96E-01 -7.96E-01 n/a -7.96E-01

G(co) (from stress relax.) ( log in) 3.44E-01 5.21E-01 5.68E-01 7.90E-01 1.11E+00 1.30E+00 1.49E+00

Arrhenius EXP Index (linear) 4.92E+03 7.95E+03 1.07E+04 1.21E+04 1.29E+04 1.23E+04 1.16E+04

Volume Fraction (linear) 2.03E+00 2.50E+00 299E400 3.40E+00 3.80E+00 4.20E+00 4.70E+00
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Table 5.5.4-2 PVA/Sodium Borate Gels - Correlation Matrix
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Table 5.5.4-3 PVA/Sodium Borate Gels - Multiple Linear Regression

PVA/Sodium Borate Gels

Best 1 Variable, Maximum R2 Model
Sensory Attribute Best Rheological Parameter R2

Visual Thickness Shear Viscosity (0) (log10) 0.962

Visual Creaminess Cl (from Osc.) (log10 ) 0.938

Firmness Dynamic Visc.(0) (log 10) 0.683

Amount of Peaking Phase Angle (1 rad s-1 ) (linear) 0.491

Stringiness Arrhenius EXP Index (linear) 0.668

Stickiness Cl (from Osc.) (log10 ) 0.726

Elasticity G(0) (from Osc.) (log 10) 0.720

Greasiness G(0) (from stress relax.) (log 10 ) 0.493

Wetness G(0) (from stress relax.) (log 10) 0.542

Oiliness n (from shear visc. Cross mod.) (linear) 0.402

Spreadability Relaxation Time (from Osc.) (linear) 0.488

Creamy feel n (from shear visc. Cross mod.) (linear) 0.317

Thickness Shear Viscosity (co) (log 10) 0.400

Smoothness Relaxation Time (from stress relax.) (linear) 0.313

Thermal Effect Relaxation Time (from Osc.) (linear) 0.779

Absorbency Relaxation Time (from Osc.) (linear) 0.315

Residue Amount Relaxation Time (from stress relax.) (linear) 0.727

Residue Tackiness n (from shear visc. Cross mod.) (linear) 0.716

Skin Slipperiness Phase Angle (1 rad s-1 ) (linear) 0.584

Skin Temperature Shear Viscosity (0) (log 10) 0.269

The most satisfactorily correlated sensory attributes, with R 2 values greater than

0.75 were: visual thickness, which was correlated with low shear limiting viscosity,

visual creaminess - which was closely related to elastic modulus G1, and thermal

effect - which was related to relaxation time.

The mini scatter plot matrix in Figure 5.5.4-1 shows how each sensory attribute

varied with the rheological parameters. Also shown is the behaviour with sodium

borate volume fraction. The multiple linear regression best 1-variable model

indicated which scatter graph was the closest fit for each sensory attribute. From

the graphs it was clear that only the above mentioned sensory attributes were well

related to the rheological parameters. Other relationships were very noisy. The

trends of rheological parameters vs. volume fraction showed that relaxation time,

a and n, and Go (t) parameters were not related with volume fraction and were

therefore not as reliable as the other parameters.
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Figure 5.5.4-2 Biplot of Sensory and Rheological Attributes for

PVA/Sodium Borate Gels
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To summarise all the relationships between sensory attributes, rheological

parameters and samples, principal components analysis was used. Figure 5.5.4-2

shows the PCA biplot for the PVA/sodium borate gels. The first two principal

components managed to summarise 86.6% of the variability between attributes

and samples. The 1 st principal component, contained most of the information

(75.3%) and was directly related to volume fraction. The vectors closest to this

axis were therefore closely related to volume fraction. They were: visual

thickness, stickiness, G(c0) and complex modulus - which were directly related,

and shear rate at thickening which was inversely related. The 2nd principal

component contained much less information about the variability between

samples and vectors, with 11.3%. No strong relationships existed in line with this

principal component.

Many vectors were very short, indicating that there was little difference between

samples for these attributes, as mentioned above.

Attributes which were closely related were grouped together in direction.

Spreadability was closely directly related to wetness, absorbency and

smoothness, and inversely related to thickness, firmness, elasticity and residue

amount. These attributes were not so well related to volume fraction. Stringiness

was most closely related to visual creaminess, Arrhenius exponential index, G1

and low shear limiting viscosity.

The sample positions were distributed throughout the chart, so as to optimise their

projections onto each vector. For example, for projection onto the 1 st principal

component - from left to right - sample volume fraction, viscosity, elastic modulus

and visual thickness consistently increased, and shear rate at thickening

decreased.

To predict the sensory values of each PVA/sodium borate gel formulation from

rheological measurements, a 3-variable maximum R2 improvement multiple linear

regression model was used. Using 3-variables was a substantial improvement

over 1- and 2-variable models. Table 5.5.4-4 shows which rheological parameters

were selected to predict each sensory value.
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Table 5.5.4-4 PVA/Sodium Borate Gels -

Best 3-Variable Multiple Linear Regression Model
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R2 values for the predictions were greater than 0.8 in all cases, with RMS error

values generally not greater than 0.5. This indicated that the model was

satisfactory for predicting the sensory values of any PVA/sodium borate gel within

the formulation range used. The sensory attribute with the highest RMS error

value was stringiness, with an RMS error of 0.73. This arose from the fact that all

the samples were stringy, with values around 6.0, except for the lowest volume

fraction sample (code 171), which was not stringy (value = 0.4). The rheological

parameters did not detect any identical trends and therefore this model was not as

good as the others.

5.5.5 Beeswax/Liquid Paraffin Samples

Table 5.5.5-1 shows the sensory and rheological values for the beeswax/liquid

paraffin samples. There was generally a fairly wide variation between samples for

the sensory attributes. The exceptions were as expected from experience with the

other samples sets, i.e. thermal effect, skin temperature and skin slipperiness

showed little variation. Also, wetness was very low for all samples and therefore

showed little variation. All the rheological parameters except phase angle (where

values were all low) showed large variations between samples.

The correlation matrix in Table 5.5.5-2 showed that good linear relationships

existed between most of the sensory attributes and the rheological parameters.

Notable exceptions to this were: amount of peaking, stringiness and creamy feel,

where correlation coefficients were generally close to zero. The reason for this

was obvious from inspection of the scatter plot matrix in Figure 5.5.5-1.
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Table 5.5.5-1 Beeswax/Liquid Paraffin Samples - Sensory and Rheological
Values

Beeswax/Lq. Paraffin Mix
10%	 20%	 30%	 40%

Sample Code -	 132	 158	 148	 104
Visual Thickness 6.96 9.07 9.71 9.78

Visual Creaminess 5.64 4.06 4.62 2.18

Firmness 2.06 5.49 6.79 7.77

Amount of Peaking 1.41 6.21 7.30 1.80

Stringiness 0.47 1.91 1.64 0.43

Stickiness 1.03 5.41 5.47 5.88

Elasticity 1.07 4.83 5.53 6.36

Greasiness 4.27 6.81 7.16 7.64

Wetness 0.87 0.66 0.52 1.12

Oiliness 6.66 3.18 3,45 1.44

Spreadability 8.08 6.62 5.48 4.50

Creamy feel 4.99 5.55 5.45 4.24

Thickness 3.15 5.84 6.09 7.30

Smoothness 8.74 8.11 7.33 5.22

Thermal Effect 5.11 5.11 5.11 5.28

Absorbency 1.61 2.74 3.21 4.10

Residue Amount 8.37 7.45 6.75 5.42

Residue Tackiness 1.25 3.90 3.74 4.69

Skin Slipperiness 4.11 4.00 3.22 3.45

Skin Temperature 5.22 5.07 5.12 5.12

Shear Visc. Power Law Const. (linear) 1.40E+01 1.20E+02 2.50E+02 5.00E+02

Shear Visc. Power Law Index (linear) -5.60E-01 -7.50E-01 -7.50E-01 -7.50E-01

G* (6.3 rad S-1 ) (linear) 9.00E+01 2.00E+04 5.00E+04 9.00E+04

Phase Angle (1 rad s-1 ) (linear) 1.90E+01 1.40E+01 6.00E+00 3.00E+00

Complex Visc. Power Law Const. (linear) 4.70E+02 2.40E+04 6.23E+04 8.87E+04

Complex Visc. Power Law Index (linear) -7.70E-01 -8.96E-01 -1.00E+00 -1.00E+00

G' Power Law Const. (linear) 4.28E+02 2.36E+04 6.23E+04 8.87E+04

G' Power Law Index (linear) 2.42E-01 1.04E-01 0.00E+00 0.00E+00

G1 (from stress relax.) (linear) 2.00E+02 3.00E+04 8.00E+04 8.00E+04

(from stress relax.) (linear) 1.10E-01 2.00E+00 5.00E+00 1.00E+01

G2 (from stress relax.) (linear) 7.00E+01 6.00E+03 2.00E+04 4.00E+04

2 (from stress relax.) (linear) 1.50E+01 1.50E+02 2.00E+02 4.00E+02

G(09) (from stress relax.) (linear) 2.70E+02 3.60E+04 1.00E+05 1.20E+05

T1 + T2 (from stress relax.) (linear) 1.51E+01 1.52E+02 2.05E+02 4.10E+02

Arrhenius EXP Index (linear) 1.21E+04 6.45E+03 3.31E+03 8.10E+02

Volume Fraction (linear) 1.00E-01 2.00E-01 3.00E-01 4.00E-01
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Table 5.5.5-2 Beeswax/Liquid Paraffin Samples - Correlation Matrix
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The scatter plot matrix (Figure 5.5.5-1) generally showed good linear relationships

between sensory attributes, rheological parameters and volume fraction. The

exceptions were peaking, stringiness and, to a lesser extent, creamy feel. Taking

amount of peaking as the best example, the relationship with all the rheological

parameters and with volume fraction went through a maximum. The lowest volume

fraction sample (10%) was not peaky, with a value of 1.4, as volume fraction (and

thus viscosity) increased to 20%, the amount of peaking had increased to 6.2. As

volume fraction increased further to 30%, the peaking value increased slightly

more to 7.3. A further increase in volume fraction to 40% resulted in a reduction of

peaking, back down to a low value of 1.8. Similar maxima were observed for

stringiness with the 20% sample the most stringy, and for creamy feel, where the

20% sample was the most creamy.

The best 1-variable maximum R2 multiple linear regression model indicated which

rheological parameter was closest linked to each sensory attribute. The results

are shown in Table 5.5.5-3. R2 were generally very good, > 0.9, except for the low

variability attributes and the non-linear ones mentioned above. Some particularly

good relationships were: visual thickness with elastic modulus; firmness,

spreadability and thickness with Arrhenius exponential index; stickiness with

shear viscosity power law index; smoothness with shear viscosity, and residue

amount with stress relaxation time.

The relationships were very well summarised using principal components

analysis. Figure 5.5.5-2 shows the first two principal components with all the

sensory attributes, samples and the key rheological parameters. 97.7% of the

variability between samples was summarised in these first two principal

components. This high number indicated that the correlations and sample

positions were very well summarised by just these first two principal components.
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Table 5.5.5-3 Beeswax/Liquid Paraffin Samples - Multiple Linear Regression

Beeswax/Liquid Paraffin Samples

Best 1 Variable, Maximum R2 Model
Sensory Attribute Best Rheological Parameter R2

Visual Thickness

Visual Creaminess

G' Power Law Index (linear)

T 2 (from stress relax.) (linear)

0.961

0.917

Firmness Arrhenius EXP Index (linear) 0.988

Amount of Peaking Shear Visc. Power Law Index (linear) 0.376

Stringiness Shear Visc. Power Law Index (linear) 0.307

Stickiness Shear Visc. Power Law Index (linear) 0.992

Elasticity Arrhenius EXP Index (linear) 0.950

Greasiness Shear Visc. Power Law Index (linear) 0.949

Wetness G2 (from stress relax.) (linear) 0.243

Oiliness Arrhenius EXP Index (linear) 0.903

Spreadability Arrhenius EXP Index (linear) 0.989

Creamy feel G2 (from stress relax.) (linear) 0.475

Thickness Arrhenius EXP Index (linear) 0.955

Smoothness Shear Visc. Power Law Const. (linear) 0.991

Thermal Effect Shear Visc. Power Law Const. (linear) 0.788

Absorbency Arrhenius EXP Index (linear) 0.979

Residue Amount T 1 + T2 (from stress relax.) (linear) 0.990

Residue Tackiness Shear Visc. Power Law Index (linear) 0.922

Skin Slipperiness G1 (from stress relax.) (linear) 0.912

.	 Skin Temperature Shear Visc. Power Law Index (linear) 0.860
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Figure 5.5.5-2 Biplot of Sensory and Rheological Attributes for

Beeswax/Liquid Paraffin Samples
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The 1 st principal component contained most of the variability between samples

and was directly related to volume fraction and firmness, and inversely related to

oiliness, phase angle and Arrhenius exponential index. The second principal

component explained most of the remaining variability, at 13.5%. This principal

component was direct related to amount of peaking, stringiness and creamy feel.

As mentioned earlier, these attributes were non-linear and were therefore

unrelated to volume fraction or the rheological attributes; these vectors were

orthogonal to the others on the chart. Samples 158 (20% volume fraction) and

148 (30% volume fraction) were situated high up on the 2 nd principal component

since these samples were the peakiest, creamiest and stringiest. The 10% and

40% samples were situated in the negative direction on this principal component,

since they were not peaky, stringy or creamy.

The sensory attributes associated with the 1 st principal component were closely

grouped together in a directly related set and an inversely related set. The directly

correlated vectors were: stickiness, visual thickness, greasiness, elasticity,

residue tackiness, firmness and thickness. The inversely correlated group of

vectors was smoothness, visual creaminess, residue amount, spreadability and

oiliness. The latter group was most closely associated with the rheological

parameters: phase angle, Arrhenius exponential index and elastic modulus power

law index. The former group was most closely related to elastic and complex

modulus, shear viscosity and relaxation time.

The sensory attributes tended to be grouped above the x-axis (the 1 st principal

component) and the rheological parameters below the axis. This was due to the

sensory attributes being slightly more correlated with peaking (the 2 nd principal

component) than the rheological parameters.

Thermal effect, skin temperature, wetness and skin slipperiness were the shortest

vectors since they did not show any significant differences between samples.

The sample positions were distributed according to volume fraction from left to

right, and according to amount of peaking from bottom to top.
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Table 5.5.5-4 Beeswax/Liquid Paraffin Samples

Best 2-Variable Multiple Linear Regression Model
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The best 2-variable maximum R2 improvement multiple linear regression model

proved very satisfactory at predicting the sensory values of beeswax/liquid

paraffin samples from rheological measurements. Even the non-linear attributes,

such as peaking, stringiness and creamy feel were satisfactorily predicted by

using a combination of two rheological parameters rather than just one. R 2 values

in all cases were 0.99 or better, RMS errors were generally less than 0.2. The

largest error was 0.5 for the amount of peaking attribute.

5.5.6 General Relationships for ALL 29 Samples

So that all samples could be compared with each other, rheological parameters

were selected which could be extracted from the rheological behaviour of all

samples. These parameters are shown, together with the sensory attributes in

Table 5.5.6-1. Log i° values were used for the rheological values, except for phase

angle and Arrhenius exponential index, to spread the samples out and to show

the variability between samples more clearly.

The scatter plot matrix in Figure 5.5.6-1 shows how each of the sensory attributes

behaved vs. each rheological parameter. Samples from the same sample set were

joined together by a line. This assisted the identification of individual sample sets

from the rest. It was clear from these scatter plots that certain attributes were

closely related, such as visual thickness and low shear viscosity, or greasiness

and high frequency complex viscosity. Other attributes were totally unrelated, and

were obvious by the random scatter of points on the scatter plots - oiliness and

high frequency complex viscosity showed no trend at all.

The correlation matrix in Table 5.5.6-3 showed how well each sensory attribute

was linearly related to each rheological parameter. Correlation coefficient values

larger than ± 0.75 indicated a good relationship between variables.
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Table 5.5.6-1(a) Sensory and Rheological Values for All Samples

Silicone Oils 01W Silicone Emulsions
50cs 350cs 1000cs 12500cs 5% 10% 20%	 30% 40% 55%

Sample Code - 187 120 113 130 161 126 112	 172 110 170
Visual Thickness 0.69 2.90 3.77 6.14 8.63 8.51 8.33	 8.15 8.44 8.57

Visual Creaminess 0.77 1.88 2.01 2.67 8.27 7.01 7.49	 7.67 6.87 7.11

Firmness 0.34 1.39 2.15 5.11 2.80 3.55 3.32	 3.21 3.77 3.65

Amount of Peaking 0.11 0.49 0.90 2.95 5.48 5.89 5.88	 5.56 5.43 5.59

Stringiness 0.04 0.54 1.37 7.10 1.48 2.08 2.30	 1.86 1.64 2.00

Stickiness 0.21 1.13 2.28 7.79 1.61 1.76 1.64	 2.31 236 2.49

Elasticity 0.10 0.83 1.64 4.77 2.56 3.35 3.50	 3.02 3.74 3.82

Greasiness 1.13 3.35 552 744 285 299 3.20	 4.27 4.03 5.92

Wetness 2.89 1.12 0.72 0.65 3.01 3.41 2.21	 2.82 2_29 1.58

Oiliness 7.86 7.30 4.83 2.19 6.10 5.53 4.79	 4.12 5.37 3.53

Spreadability 9.04 7.85 5.98 1.90 a 18 8.25 8.19	 7.78 7.38 6.76

Creamy feel 3.31 4.00 3.30 1.29 6.57 5.77 7.18	 6.75 6.22 6.69

Thickness 1.67 3.49 5.77 7.80 3.95 3.72 3.69	 4.09 4.72 5.85

Smoothness 9.12 8.69 8.28 6.36 8.70 8.62 8.71	 8.36 8.26 8.31

Thermal Effect 4.91 5.08 5.15 5.20 4,07 4.08 421	 4.50 4.78 456

Absorbency 2.96 2.20 2.74 221 5.98 6.82 6.51	 5.63 7.05 5.67

Residue Amount 6.71 7.52 7.33 7.61 3.19 3.11 3.42	 3.98 2.48 4.44

Residue Tackiness 0.59 1.90 3.33 8.16 2.50 2.92 3.26	 3.10 4.01 3.79

Skin Slipperiness 5.55 5.12 4.82 4.38 3.53 3.68 3.11	 3.44 3.96 3.62

Skin Temperature 508 5.04 511 5.14 4.26 4.58 454	 4.73 4.84 470

Viscosity  (0.001 6.1 ) (log 1 0) -1.33E+00 -4.66E-01 0 00E+00 1.12E+00 2.57E+00 336c100 3.42E+00	 333E403 325E+00 287E+00

Viscosity  (10000 61 ) (l0910) -1.33E+03 -4 66E01 0 00E+00 1.12E+03 -1.83E+00 -1.63E+00 -1.72E+00	 -1.73 E+CO -1.65E+00 -1.19E+00

G" (6.3 rad s-1 ) (log i 0) -5.53E-01 322E-01 7.78E-01 1.88E403 2.20E+00 2.73E+08 2.76E+00	 2.70E+00 2.72E+00 2.78E+03

Phase Angle (1 rad s-1 ) (linear) 8.80E+01 8908+01 8.80E+01 8.80E+01 4408+01 250E+01 320E+01	 3.50E+01 3.20E+01 280E+01

Complex Visc.(0.1 rad 8-1) (log10 ) -1.34E+03 5.195-01 0.00E+00 1.10E+00 2.70E+03 3.30E+00 3.34E+00	 3.41E+00 337E+00 3.51E+00

Complex Visc.(100 rad s-1 ) (log10) -1.34E+00 5.195-01 0.00E+00 1.10E+00 6.00E-01 1.08E4W 1.09E+00	 1.18E4W 1.128-480 1.26E+00

G(.0) Relaxation (log 10 ) 1.76E-01 1.04E+00 1.45E400 275E+00 2.72E+00 378E+00 3.40E+00	 3.27E480 3.60E+00 360E+00

Sum of Relaxation Times (log i 0) -1.52E4W -1.52E+00 -1.52E+03 -1.52E+00 -5.38E-01 -824E-01 -899E-01	 -6.58E-01 -9218-01 -6.02E-01

Arrhenius EXP Index (linear) 1.84E4-03 1.81E+03 1.65E+03 1.58E4-03 1.25E+03 2.43E+03 1.37E+03	 4.75E+02 1.57E+03 1.30E+03

PVA/Sodium Borate Gels Products
A2 A3 A4 AS	 AS A7 AS VIC AF M E45

Sample Code - 171 168 147 118	 133 136 177 111 125 140
Visual Thickness 1 51 3.09 3.91 3.81	 5.14 5.91 7.49 7.76 0.64 8.19

Visual Creaminess 0.74 1.58 2.38 1.96	 2.77 2.94 291 7.44 2.81 8.11

Firmness 0 75 2.32 209 4.10	 248 3.59 5.84 2.83 0.16 361
Amount of Peaking 029 1.09 1.11 1.46	 0.89 1.30 0.60 644 0.07 7.99

Stringiness 036 6.16 5.82 5.83	 5.93 6.52 5.92 1.14 0.09 1.85

Stickiness 0 46 2.21 2_17 331	 2.21 315 321 1.95 024 2.71

Elasticity 060 265 2.29 6.07	 342 4.95 7.61 1.46 0.20 261

Greasiness 0 49 1.75 063 1.33	 1.29 122 1.61 2.05 0.97 2.61

Wetness 722 4.86 757 5.91	 6.57 6.69 4.14 4.29 7.62 355

Oiliness 239 4.00 279 3.02	 2.74 286 2.84 5.95 2.61 5.09

Spreadability 684 6.61 7.39 6.01	 7.02 6.78 4.11 8.11 7.52 8.35

Creamy feel 213 254 278 1.82	 3.22 2.25 2.18 6.12 3.39 7.93

Thickness 1.53 2.96 1.96 4.24	 2.26 2.83 5.03 2.76 1.40 4.23

Smoothness 682 829 7.57 4.49	 7.94 7.43 6.30 8.57 7.14 8.74

Thermal Effect 372 376 3.36 363	 158 3.99 4.28 3.74 371 4.08

Absorbency 7.53 7.12 7.99 5.65	 8.30 6.95 4.76 6.51 7.65 5.43

Residue Amount 335 251 120 4.36	 295 278 4.78 3.25 235 4.98

Residue Tackiness 162 384 383 4.19	 2.79 3.26 385 245 1.41 1.98

Skin Slipperiness 5.48 5.06 525 5.99	 5.71 554 5.41 284 4.95 3.76

Skin Temperature 452 467 4.59 4.46	 4.65 4.61 4.71

Viscosity (0.001 s-1 ) (log10) -124E+00 -7.11E-01 -4.16E-01 -231E-01	 325E-01 723E-01 9.05E-01 2.70E+00 -266E+00 347E+00

Viscosity (10000 s' 1 ) (log10) -1.72E+00 -1.51E+00 -1.31E+00 -7.205-01	 -307E-01 -1.80E-01 1.365-01 1.50E+00 -2.77E+00 -1.15E+00

G* (6.3 rad sA ) (log 10) -1.25E-01 -1.55E-01 -198E-01 0.00E+08	 3.98E-01 7.24E-01 1.00E+00 238E+03 -1.85E+00 3.48E+00

Phase Angle (1 rad s-1 ) (linear) 8508+01 8-40E+01 7.90E+01 7.00E+01	 7.60E+01 7.305481 7.80E+01 120E+01 4.30E+01 320E+01

Complex ViSC. (0. 1 rad s-1 ) (10g 1 0 ) -1.74E+00 -1.55E+00 -1.22E+00 -7.96E-01	 -3.77E-01 -5.06E-02 279E-01 315E480 2.77E-02 396E+00

Complex Visc.(100 red s-1 ) (1091o) -1-89E4W -1.64E+00 -1.30E+03 -1.05E403	 -6.99E-01 -5.23E-01 -3.98E-01 5.395-01 -312E+08 1.77E+00

G(.0) Relaxation (log) 344E01 5.218-01 5.685-01 7.905-01	 1.11E+00 1.30E+03 1.49E+03 3.10E+00 -9.87E-01 3.57E+00

Sum of Relaxation Times (log 10) -802E-01 -6.99E-01 -5.69E-01 -5.69E-01	 -6.02E-01 -6.998-01 -523E-01 200E+00 -4.44E-01 4.975-01

Arrhenius EXP Index (linear) 4928+03 7958-4-03 1075+04 1.21E+04	 1.29E+04 1.23E+04 1.16E+04 96884-03 0.00E+00 4.95E+03
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Table 5.5.6-1 (b) Sensory and Rheological Values for All Samples

Sample Code -
40%

128

W/O Silicone Emulsions
50%	 60%	 70%

181	 174	 155
80%

123

Beeswax/Lq. Paraffin Mix
10%	 20%	 30%	 40%

132	 158	 148	 104
Visual Thickness 1.49 1.80 4.78 8.75 9.29 6.96 907 9.71 9.78

Visual Creaminess 3.79 4.12 6.55 7.95 7.41 5.64 4.06 4.62 2.18

Firmness 1.11 1.16 1.45 3.51 5.79 2.06 5.49 6.79 7.77

Amount of Peaking 0.31 0.46 1.17 5.37 6.28 1.41 6.21 7.30 1.80

Stringiness 0.25 0.21 0.68 1.49 1.31 0.47 1.91 1.64 0.43

Stickiness 0.49 0.68 0.96 2.49 3.34 1.03 5.41 5.47 5.88
Elasticity 0.54 0.49 1.19 3.48 5.00 1.07 4.83 5.53 6.36

Greasiness 1.55 1.74 2.31 5.42 5.44 4.27 6.81 7.16 7.64

Wetness 381 3.65 3.33 1.55 249 0.87 0.66 0.52 1.12

Oiliness 6.29 6.39 5.02 3.66 2.88 6.66 3.18 3.45 1.44

Spreadability 855 8.25 7.66 7.32 5.80 8.08 6.62 5.48 4.50

Creamy feel 3.99 4.71 4.68 6.43 5.16 499 5.55 5.45 424

Thickness 1.71 2.47 3.86 5.08 6.31 3.15 5.84 6.09 7.30

Smoothness 8.76 8.53 852 8.10 7.67 8.74 8.11 7.33 5.22

Thermal Effect 468 4.38 3.60 4.38 3.46 5.11 5.11 5.11 5.28

Absorbency 653 6.50 7.26 7.58 8.65 1.61 2.74 3.21 4.10

Residue Amount 3.59 3.03 209 2.26 1.11 8.37 7.45 6.75 5.42

Residue Tackiness 0.67 1.40 1.09 3.42 3.94 1.25 3.90 3.74 4.69

Skin Slipperiness 5.39 4.56 4.08 4.63 3.61 4.11 4.00 3.22 3.45

Skin Temperature 495 4.79 4.37 465 3.88 522 5.07 5.12 5.12

Viscosity (0.001 s-1 ) (logo) -8.73E-01 -4.55E-01 7.01E-01 3.30E+00 5.09E+00 2.83E+00 4.33E+00 4.65E+00 4.95E+00

Viscosity (10000 8-1 ) (10910 -1.54E+00 -1.24E+00 -1.06E+00 -1.10E+00 -9.82E-01 -1.09E+00 -9.21E-01 -6.02E-01 -3.01E-01

G" (6.3 rad 8-1 ) (log10) -5.23E-01 -2 52E-01 3 01E-01 3.00E+00 3.60E+00 1.95E+00 4.30E+00 4.70E+00 4.95E+00

Phase Angle (1 rad 8-1 ) (linear) 7.90E+01 6.70E+01 5.30E+01 4.00E+00 1.00E+00 1.90E+01 1.40E+01 6.00E+00 3.00E+00

Complex Visc.(0.1 rad 5-1 ) (lo910) -1.19E+00 -8.31E-01 1.60E-02 3.95E+00 4.55E+00 3.44E+00 5.28E+00 5.79E+00 5.95E+00

Complex Visc.(100 rad s-I ) (10£110) -1 43E+00 -1.10E+00 -8.84E-01 1.02E+00 1.58E+00 1.13E+00 2.59E+00 2.79E+00 2.95E+00

G(co) Relaxation (log) 3.62E-01 7.48E-01 1.20E+00 3.00E+00 3.57E+00 2.43E+90 4.56E+00 5.00E+00 5.08E+00

Sum of Relaxation Times (1091o) -1.00E+00 7.70E01 -3.98E-01 2.78E+00 2.78E+00 1.18E+00 2.18E+00 2.31E+00 2.61E+00

Arrhenius EXP Index (linear) 1 77E+03 1 83E+03 295E.03 816E+02 1.87E+02 1.21E+04 645E+03 3.31E+03 810E+02

Table 5.5.6-2 ALL Samples - Multiple Linear Regression

All Samples

Best 1 Variable, Maximum R2 Model
Sensory Attribute Best Rheological Parameter R2

Visual Thickness Viscosity (0.001 s-1 ) (log10) 0.915

Visual Creaminess Phase Angle (1 rad s-1 ) (linear) 0.497

Firmness G* (6.3 rad s" 1 ) (log10) 0.641

Amount of Peaking Viscosity (0.001 s-1 ) (log 10) 0.697

Stringiness Arrhenius EXP Index (linear) 0.433

Stickiness Viscosity (10000 s" 1 ) (log10) 0.458

Elasticity G* (6.3 rad s" 1 ) (log10) 0.321

Greasiness Complex Visc.(100 rad s"
1 ) (log10) 0.693

Wetness Complex Visc.(100 rad s"
1 ) (log 10) 0.587

Oiliness Viscosity (10000 s-1 ) (logio) 0.092

Spreadability Viscosity (10000 s" 1 ) (log10) 0.555

Creamy feel Phase Angle (1 rad s-1 ) (linear) 0.536

Thickness Complex Visc.(100 rad s-1 ) (log10) 0.591

Smoothness Viscosity (10000 s -1 ) (logio) 0.168

Thermal Effect Complex Visc.(100 rad s-1 ) (log 10) 0.278

Absorbency Viscosity (10000 s-1 ) (log10) 0.237

Residue Amount Viscosity (10000 s -1 ) (log i o) 0.250

Residue Tackiness Viscosity (10000 s-1 ) (log 10 ) 0.310

Skin Slipperiness Complex Visc.(0.1 rad s-1 ) (log 10) 0.684
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Table 5.5.6-3 ALL Samples - Correlation Matrix (Rheological & Sensory Values)
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Good linear relationships between sensory attributes and rheological parameters

were noticed for visual thickness, firmness, peaking, greasiness, wetness,

thickness and skin slipperiness. The best rheological parameter underlying each

sensory attribute was identified by maximum R2 improvement multiple linear

regression. Table 5.5.6-2 shows which one rheological variable was best

correlated with each sensory attribute. The sensory attributes, mentioned above

have the highest R2 values.

Visual thickness was the most satisfactorily correlated of all attributes, and was

directly related to low shear viscosity (0.001 s -1 ), with an R2 value of 0.92.

The least satisfactorily explained sensory attributes were oiliness, smoothness,

absorbency and residue amount. These attributes all had R2 values of less than

0.25.

Generally, viscosity (continuous shear and dynamic) was the underlying

rheological parameter most closely associated with the sensory attributes.

Exceptions to this were: firmness and elasticity, where complex modulus was most

dominant; visual creaminess and creamy feel, where phase angle was most

dominant (an inverse relationship); and stringiness - which was closely related to

the Arrhenius exponential index.

The overall picture of how attributes and samples were related was very well

observed from the principal components analysis biplot in Figure 5.5.6-2. This

chart was very similar to Figure 5.3.6-1 in Section 5.3.6 which showed just the

sensory attributes. With the rheological parameters included in the analysis, the

total variability between samples which was explained by the first two principal

components was 71.8%. This figure was sufficient to satisfactorily summarise all

the significant differences between samples.

The 1 st principal component which contained 53.6% of the variability between

samples was directly related to low shear viscosity (at 10 -3 s-1 ). Several of the

other rheological parameters, such as complex viscosity, complex modulus,

relaxation time and GOO (relaxation), as well as visual thickness were closely

directly related to this principal component. Wetness and phase angle were

closely inversely related.
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The 2nd principal component, with 18.2% of the variability, was most closely

directly related to high shear viscosity (at 10 4 s-1 ) and stringiness.

The 3rd and 4th principal components contained 11.1% and 5.4% of the remaining

unexplained variability between samples respectively. Only trivial information was

observed.

Since the first two principal components were both related to shear viscosity, the

1 st principal component being related to low shear rate viscosity (at 10 -3 s-1 ), and

the 2nd principal component with high shear rate viscosity (at 10 4 s-1 ), it facilitated

the identification of where samples were positioned on the chart just by measuring

their viscosities at these shear rates, i.e. the approximate skin-feel of any sample

(similar to those measured in this study) could be predicted from these two

viscosity measurements.
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Samples in the top right corner of the chart had high viscosity values at both

shear rates and were also closely related to the sensory vectors pointing in this

area, which were - greasiness, thickness, firmness, stickiness, elasticity, residue

tackiness and residue amount. It was also immediately obvious that these

attributes were not particularly pleasant sensations on the skin, indicating that

high values of low and high shear rate viscosity should be avoided when

formulating a sample designed to feel pleasant on the skin. Samples which did

appear in this top right sector were - the highest volume fraction beeswax/liquid

paraffin samples (20%, 30% & 40%) and the 12500 cs labelled silicone oil.

Samples situated in the bottom right corner of the chart had high values of low

shear viscosity (at 10-3 s-1 ), and low values of high shear (at 104 s-1 ) viscosity, i.e.

the most shear thinning of all samples. Samples in this sector were also the most

peaky, and creamy (both visually and feel). Creaminess was a particularly

desirable/pleasant attribute for a skin-care product to have, therefore this sector

of the chart was considered the most pleasant. The samples situated in this sector

of the chart were: all the 0/W silicone emulsions, the highest volume fraction W/O

silicone emulsions (70% and 80%), the lowest volume fraction beeswax/liquid

paraffin sample (10%) and the two branded products Cream E45 and Vaseline

Intensive Care Lotion.

Samples situated in the bottom left corner of the chart had low viscosity values at

both shear rates and were also closely associated with spreadability, absorbency,

oiliness and wetness. These samples included the low volume fraction W/O

silicone emulsions (40%, 50% & 60%), the least viscous silicone oils (50 cs &

350 cs labelled), the lowest volume fraction PVA/sodium borate gel, and Anne

French Deep Cleansing Milk.

Samples in the top left sector of the chart had high values of high shear (10 4 s-1)

viscosity, and low values of low shear (10 -3 s-1 ) viscosity, i.e. the most constant or

shear thickening of all samples. These samples were also the most stringy and

skin slippery after-feel. They also had the highest Arrhenius exponential index

values and high phase angles. These samples included: all the PVA/sodium

borate gels apart from the lowest volume fraction one, and 1000 cs labelled

silicone oil.
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Trends across each sample set were also noticed.

The trends in increasing silicone oil viscosity and increasing volume fraction of

the 01W silicone emulsions and PVA/sodium borate gels were all parallel, and

therefore directly related, to the residue tackiness, residue amount, elasticity,

stickiness and high shear (104 s-1 ) viscosity vectors. The trends were also

inversely related to absorbency, oiliness and spreadability.

The trend in increasing W/0 volume fraction was related to increasing visual

thickness and complex viscosity (at 100 rad s -1 ), and decreasing wetness.

The trend in increasing beeswax/liquid paraffin volume fraction was related to

increasing firmness and thickness.

Vector length indicated how discriminating each attribute was between samples.

The shortest vector, which thus showed the smallest amount of variation between

samples, was thermal effect. The longest sensory vectors were visual thickness,

visual creaminess and amount of peaking.

In order to predict the skin feel of any sample or product (provided it was fairly

similar to those used in this study), a 3-variable maximum R 2 improvement

multiple linear regression model was established for each sensory attribute. The

best combination of three rheological parameters was selected together with

parameter estimates so that the prediction model yielded the highest R2 value.

Table 5.5.6-4 shows the best 3 variable model for each sensory attribute together

with their R2 values and RMS errors. R2 values were all generally better than 0.5,

except for smoothness, where the R2 value was 0.4. RMS error values were all

lower than 1.6 (based on 0 to 10 scales).

If a sensory prediction is required for a sample which is very similar to one of the

sample sets used in this study, then that particular sample set prediction model

may be used in addition to or instead of the general model shown here. A more

accurate sensory prediction may, in this case, be obtained.
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The most accurate models were for visual thickness, firmness, greasiness,

wetness, thickness and skin slipperiness. The worst models were for smoothness,

oiliness, residue tackiness and stringiness, although these models still yielded

predictions which were within ±1.6 of the actual observed values.

The above models were tested by cross validation, i.e. by comparing the sensory

predictions of the samples used in the model with their observed values.

The method for using the parameters and variables in Table 5.5.6-4 for predicting

each sensory value is shown in the silicone oils Section 5.5.1.

Analysis of best 3-variable maximum R2 improvement multiple linear regression 

model 

In order to assess the degree to which each variable contributed to the end

prediction value, and to understand why each particular rheological variable was

selected by each model, two different samples were compared. The samples were

1000 cs silicone oil (113) and 30% beeswax/liquid paraffin (148).

The rheological values for the two samples are shown in Table 5.5.6-5

Table 5.5.6-5 Rheological Values for Samples

113 (1000 cs Silicone Oil) and 148 (30% Beeswax/Liquid Paraffin)

Sample Code:	 113 148

Viscosity (0.001 s-1 ) (log 10) 0.00E+00 4.65E+00

Viscosity (10000 s-1 ) (log 10) 0.00E+00 -6.02E-01

G* (6.3 rad s-1 ) (log10) 7.78E-01 4.70E+00

Phase Angle (1 rad s-1 ) (linear) 8.80E+01 6.00E+00

Complex Visc.(0.1 rad s-1 ) (log 10) 0.00E+00 5.79E+00

Complex VisC.( 100 rad s-1 ) (log 10) 0.00E+00 2.79E+00

GOO Relaxation (log 10) 1.45E+00 5.00E+00

Sum of Relaxation Times (log10) -1.52E+00 2.31E+00

Arrhenius EXP Index (linear) 1.65E+03 3.31E+03

For each sensory attribute listed below, the predicted sensory value was

calculated for both samples and compared with the actual sensory values from

sensory assessments. The value that each variable contributed to the end

prediction is shown. From these individual values, the variables (rheological

parameters) that were most dominant in each model were identified.
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Visual Thickness

Sample: 113 (1000 cs Silicone Oil) 148(30% Beeswax/Lg. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Visual Thickness intercept

Viscosity (0.001 e) (logo)
Sum of Relaxation Times (logo)

Arrhenius EXP Index (linear)

3.330E+00

1.462E+00

-2.396E-01

8.005E-05

3.330

0.000

0.365

0.132 3.83 3.77

3.330

6.794

-0.554

0.265 9.84 9.71

The dominant variable in the visual thickness model was low shear (10 -3 s-1)

viscosity. Low values of low shear viscosity subtracted from the intercept value of

3.3, whilst high values of low shear viscosity added to the intercept value. In this

case, the beeswax/liquid paraffin sample had a very high low shear viscosity,

adding 6.8 onto the intercept value, resulting in a total prediction value of 9.84. In

the silicone oil case the viscosity of I Pa s, equivalent to a log io value of 0, did not

add anything to the intercept value, resulting in a final prediction value of 3.83. So

the higher the low shear viscosity, the higher was the visual thickness prediction.

This made sense, since the sample containers were slightly tilted to assess this

attribute, thus imparting a low shear to the sample.

Relaxation time had a minor counterbalancing effect to the low shear viscosity on

the predicted value. Arrhenius exponential index had minor effect at increasing

the predicted value. Since the samples were rated for visual thickness at constant

temperature, this minor Arrhenius component was likely to have more

mathematical rather than physical meaning.

The predicted values were very close to the actual sensory values.

Visual Creaminess

Sample: 113 (1000 cs Silioone Oil) 148 (30% Beeswax/Lg. Paraffin)

Sensory Attribute Parameters
Parameter

Estimate

Rheo* VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Visual Creaminess Intercept

Viscosity (0.001 s-1) (log 10)

Phase Angle (1 rad s-1 ) (linear)
Sum of Relaxation Times (log)

8.176E+00

3.081E01

-8.443E-02

-1.235E+00

8.176

0.000

-7.430

1.881 2.63 2.01

8.176

1.432

-0.507

-2.855 6.25 4.62

The dominant variable in the visual creaminess attribute was phase angle.

Samples such as the silicone oil, with high phase angle values (88°), led to large

subtractions from the intercept value of 8.2, resulting in an end prediction value of

2.6 for the silicone oil sample. The beeswax/liquid paraffin sample had a much
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lower phase angle value (of 6°), which led to much less being subtracted off the

intercept value to yield a prediction of 6.25.

Again low shear (10 -3 S-1 ) viscosity was an important variable for this, another

visual attribute. Increasing values of low shear viscosity added slightly to the

visual creaminess predictions. Relaxation time values were somewhat more

significant, by decreasing the predicted value for long relaxation times, and

increasing the predicted value for short relaxation times. This appeared to be a

counterbalancing effect to the phase angle contributions.

The predicted value for the silicone oil sample was acceptable, but the value

predicted for the beeswax/liquid paraffin sample was 1.6 units too high (on the 0

to 10 scale).

Firmness
Sample: 113 (1000 cs Silicone Oil) 148(30% Beeswax/Lg. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Firmness Intercept

Viscosity (10000 s-1 ) (log)
G* (6.3 red s-1 ) (log 10)

Complex Visc.(100 red S i )- 	 (log 10)

1.838E+00

1.304E+00

1.930E+00

-1.433E+00

1.838

0.000

1.501

0.000 3.34 2.15

1.838

-0.785

9.067

-4.004 6.12 6.79

The most dominant variable for firmness predictions was complex modulus (at

6.3 rad s -1 ). For the silicone oil sample the G* variable added slightly to the

intercept value of 1.8 to yield a firmness prediction of 3.34. The beeswax/liquid

paraffin sample, with a much higher G* value, added much greater to the

intercept, to yield a predicted value of 6.12.

Complex viscosity and high shear (10 4 s -1 ) viscosity had respectively major and

minor counterbalancing effects to the complex modulus on the final prediction.

The predicted value for the beeswax/liquid paraffin sample was good, but the

predicted value for the silicone oil sample was 1.2 units too high (on the 0 to 10

scale).
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Amount of Peaking

Sample: 113 moo cs Silicone Oil) 148 (30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Peaking Intercept

Viscosity (0.001 s-1 ) (log 10)

Viscosity (10000 5-1 ) (log 10)

G(co) Relaxation (log 10)

-8.377E-01

2.624E-01

-1.021E+00

1.121E+00

-0.838

0.000

0.000

1.622 0.78 0.90

-0.838

1.220

0.615

5.606 6.60 7.30

The relaxation modulus (at time = 0) was the dominant variable for the peaking

attribute. The silicone oil sample had a low relaxation modulus which only added

slightly to the intercept value of -0.8, to yield a prediction of 1.6. The 30%

beeswax/liquid paraffin sample relaxation modulus value was much higher and

added much more to the intercept value, resulting in a prediction of 6.6.

Both high and low shear viscosity values also added value to the intercept, but to

a much lesser extent than the relaxation modulus. Highly shear thinning samples

added much more to the end prediction value than, less or non-shear thinning

samples. This was seen by the positive low shear viscosity parameter estimate

and the negative high shear viscosity parameter estimate, i.e. the more shear

thinning the sample the more peaky it was.

Predicted values were in satisfactory agreement (within ±0.7) with actual sensory

assessments.

Stringiness

Sample: 113 (1000 cs Silicone Oil) 148(30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Stringiness Intercept

Viscosity (10000 s-1 ) (log 10)

Sum of Relaxation Times (log,)

Arrhenius EXP Index (linear)

2.251E+00

1.044E+00

-3.187E-01

2.790E-04

2.251

0.000

0.485

0.460 3.20 1.37

2.251

-0.629

-0.737

_	 0.923 1.81 1.64

No variable was particularly dominant in the stringiness attribute. Samples with

high high-shear (104 s -1 ) viscosity values added most to the intercept value of 2.3.

Low values of high shear viscosity subtracted from the intercept value.

Short relaxation times added to the intercept value, whilst long relaxation times,

such as for the beeswax/liquid paraffin sample subtracted from it.

Samples with steeper Arrhenius exponential indices added most to the intercept

value.
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In summary, stringiness was basically related to a high viscosity value at high

shear, short relaxation times, and high temperature sensitivity. (i.e. the

PVA/sodium borate gels and the high viscosity silicone oils were the stringiest

samples).

The stringiness prediction for the 30% beeswax/liquid paraffin sample was very

good, but the prediction for the 1000 cs silicone oil sample was an overestimation

by 1.8 units (on the 0 to 10 scale).

Stickiness

Sample: 113 (1000 cs Silicone Oil) 148(30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Stickiness Intercept

Viscosity (10000 s-1 ) (logio)
Complex Visc.(100 red s-1 ) (log 10)

G(co) Relaxation (log 10)

1.217E+00

1.678E+00

-1.020E+00

1.472E4-00

1.217

0.000

0.000

2.131 3.35 2.28

1.217

-1.011

-2.849

7.361 4.72 5.47

Stickiness was dominated by relaxation modulus (at time = 0). The silicone oil

sample had a low value of relaxation modulus and added only slightly to the

intercept of 1.2 to yield a prediction of 3.35. The beeswax/liquid paraffin sample

added much more to the intercept to yield a higher prediction value of 4.72.

Both high shear viscosity and high frequency complex viscosity had

counterbalancing effects to the relaxation modulus. Samples with high viscosity

values at high shear rate added to the stickiness prediction.

The stickiest sample would therefore have a high relaxation modulus value and a

high high-shear viscosity value.

The predicted stickiness values were within ± 1 unit of the actual sensory values.

Elasticity

Sample: 113(1000 cs Silicone Oil) 148(30% Beeswax/Lq Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Val. x
Param,

Estimate
Predict

Actual
Sensory

Value

Elasticity Intercept

Viscosity (10000 s-1 ) (logo)

G* (6.3 red s-1 )
 (logo)

Complex Visc.(100 rad s-1 ) (log i o)

1.691E+00

1.792E+00

2.375E+00

-2.279E+00

1.691

0.000

1.848

0.000 3.54 1.64

1.691

-1.079

11.159

-6.370 5.40 5.53
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Elasticity was dominated by complex modulus (at 6.3 rad s -1 ), with a strong

counterbalancing effect from complex viscosity (at 100 rad s -1 ). High values of

high shear (104 s -1 ) viscosity added only slightly to the intercept value of 1.7.

Elasticity was therefore dominated by these viscoelastic parameters.

The beeswax/liquid paraffin sample had a high complex modulus value, which led

to a fairly high prediction of 5.4. The silicone oil sample had a lower complex

modulus value and hence a lower elasticity prediction of 3.54.

The elasticity prediction for the 30% beeswax/liquid paraffin sample was very

good, but the prediction for the 1000 cs silicone oil sample was 1.9 units (on the 0

to 10 scale) too high.

Greasiness

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Greasiness intercept

Viscosity (10000 s- ') (109to)
Complex Visc.(0.1 red s -1 ) (lamp)

Arrhenius EXP Index (linear)

4.633E+00

1.494E+00

5.841E-01

-1.650E-04 _

4.633

0.000

0.000

-0.272 4.36 5.52

4.633

0.899

3.384

-0.546 6.57 7.16

Greasiness was dominated by low frequency (0.1 rad s -1 ) complex viscosity. Low

values of low frequency complex viscosity subtracted from the intercept value of

4.6, whilst high values added to it, as for the beeswax/liquid paraffin sample,

which yielded a prediction value of 6.57.

High values of high shear viscosity also added to the greasiness prediction.

Arrhenius exponential index had a minor effect on the end prediction value by

reducing the greasiness prediction for the more temperature sensitive samples.

Samples that were most temperature sensitive (with high Arrhenius exponential

index values, such as the PVA/sodium borate gels) "melted" on the skin, i.e.

reduced in viscosity, and felt less greasy than samples which did not have any

"melting effect".

Greasiness predictions for both above listed samples were slight under-

estimations.
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Wetness

Sample: 113 (1000 cs Silicone Oil) 148(30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Wetness Intercept
G* (6.3 rad s-1 ) (1001a)

Complex Visc.(100 rad s-1 ) (log 10)

Arrhenius EXP Index (linear)

5.745E-01

1.770E+00

-3.036E+00

1.650E-04

0.575

1.377

0.000

0.272 2.22 0.72

0.575

8.317

-8.483

0.546 0.95 0.52

Wetness was dominated by high frequency (100 rad s -1 ) complex viscosity.

Samples with low values of high frequency complex viscosity increased the

intercept of 0.6 dramatically. Samples with high values of high frequency complex

viscosity, such as the beeswax/liquid paraffin sample, decreased the intercept

value dramatically.

Complex modulus (6.3 rad s -1 ) acted as a counterbalance to the high complex

viscosity samples.

Arrhenius exponential index had a minor effect on the end prediction value by

increasing the wetness prediction for the more temperature sensitive samples, i.e.

samples that "melted" increased the wetness predictions.

The wetness prediction for the 30% beeswax/liquid paraffin sample was very

good, but the prediction for the 1000 cs silicone oil sample was an overestimation

by 1.5 units (on the 0 to 10 scale).

Oiliness

Sample: 113(1000 cs Silicone Oil) 148(30% Beeswax/Lq Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Oiliness intercept
Viscosity (10000 s -1 ) (log)

G* (6.3 rad s-1 ) (log 10)

Complex Visc.(100 rad s-I ) (log 10)

6.272E+00

-1.508E+00

-2.740E+00

3.281E+00

6.272

0.000

-2.132

0.000 4.14 4.83

6.272

0.908

-12.874

9.169 3.48 3.45

Oiliness was dominated by the counterbalancing effect of complex modulus

(6.3 rad s -1 ) and high frequency (100 rad s -1 ) complex viscosity. Samples with high

values of high frequency complex viscosity added to the intercept value of 6.3,

whilst samples with high complex modulus values subtracted from the intercept

value. Samples with high values of both variables, such as the beeswax/liquid

paraffin sample, resulted in a compromise between the two.
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Low values of high shear (104 s -1 ) viscosity also added slightly to the intercept

value.

The oiliest samples were therefore the ones with low G*, low high-shear viscosity

and medium, or high, high-frequency complex viscosity values.

Oiliness predictions were good for the above two samples, within ± 0.7 of the

sensory assessment values.

Spreadability

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lg. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Spreadability intercept
Viscosity (10000 s-1) (log 10)

Sum of Relaxation Times (log 10)

Arrhenius EXP Index (linear)

5.191E+00

"1.564E+00

-1.421E-01

3.455E-05

5.191

0.000

0.216

0.057 5.46 5.98

5.191

0.942

-0.329

0.114 5.92 5.48

Spreadability was dominated by both: high shear (10 4 s-1 ) viscosity values and by

relaxation times. Low values of high shear viscosity and short relaxation times

added to the intercept value of 5.2. High values on both parameters, thus

subtracted from the intercept value (leading to a lower spreadability). So, easy

flowing samples (with short relaxation times) and with low viscosities at high shear

were the most spreadable.

Arrhenius exponential index had a negligible effect, although the more

temperature sensitive samples added very slightly to the spreadability value, i.e.

the samples that "melted" most were fractionally more spreadable than those that

did not "melt".

Spreadability predictions were very good for the above 2 samples, within ±0.5 of

actual sensory values.

Creamy Feel

Sample: 113 (1000 cs Silicone Oil) 148(30% Beeswax/Lg. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Creamy feel Intercept
Phase Angle (1 rad s-1 ) (linear)

Sum of Relaxation Times (log i n)

Arrhenius EXP Index (linear)

8.132E+00

-6.881E-02

-7.862E-01

-6.194E-05

8.132

-6.055

1.197

-0.102 3.17 3.30

8.132

-0.413

-1.818

-0.205 5.70 5.45
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Creamy feel was dominated by phase angle. Samples with the highest phase

angles, such as the silicone oil samples, subtracted the most from the intercept

value of 8.1. Relaxation time had a minor counterbalancing effect, to the effect of

phase angle. Short relaxation times added slightly to the intercept, whilst long

relaxation times subtracted. Arrhenius exponential index had a very minor effect in

reducing the creamy feel for the most temperature sensitive samples.

The creamiest samples were therefore those with low phase angles and short

relaxation times.

Creamy feel predictions for the above two samples were very good, within 0.3 of

the actual sensory assessments.

Thickness

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. Vol. x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Thickness intercept

Viscosity (10000 s-1 ) (1991o)
G* (6.3 rod e) (log10)

Arrhenius EXP Index (linear)

4.939E+00

1.309E+00

5.574E01

-1.080E-04

4.939

0.000

0.434

-0.178 6.19 5.77

4.939

-0.788

2.619

-0.357 6.41 6.09

Thickness was dominated by both high shear (104 s -1 ) viscosity and complex

modulus (6.3 rad s -1 ). Samples with high values for these attributes added to the

intercept value of 4.9 to yield high thickness predictions. Low values subtracted

from the intercept. The 30% beeswax/liquid paraffin sample had a high G* value,

and a low high-shear viscosity value, leading to a balance of 1.8 which was added

onto the intercept value.

Arrhenius exponential index had a minor effect. High values of the index led to a

decreasing thickness prediction, i.e. samples that "melted" (a high temperature

sensitivity) were less thick.

Thickness predictions for the above two samples was good, within ±0.6 of the

actual sensory values.
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Smoothness

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat i<
Param.

Estimate
Predict

Actual
Sensory

Value

Smoothness Intercept

Viscosity (10000 s-1 ) (log 10)

G* (6.3 rad s-1 ) (log10)

Complex Visc.(100 rad e ) (logo)

8.257E+00

-1.006E+00

-1.146E+00

1.476E+00

8.257

0.000

-0.892

0.000 7.37 8.28

8.257

0.606

-5.385

4.125 7.60 7.33

Smoothness was predicted in a very similar way to how oiliness was predicted

(see above).

Smoothness was dominated by the counterbalancing effect of complex modulus

(6.3 rad s -1 ) and high frequency (100 rad s -1 ) complex viscosity. Samples with high

values of high frequency complex viscosity added to the intercept value of 8.3,

whilst samples with high complex modulus values subtracted from the intercept

value. Samples with high values of both variables, such as the beeswax/liquid

paraffin sample, resulted in a compromise between the two.

Low values of high shear (104 s -1 ) viscosity also added slightly to the intercept

value.

The smoothest samples were therefore the ones with low G*, low high-shear

viscosity and medium, or high, high-frequency complex viscosity values.

Smoothness predictions were satisfactory for the two samples, within ± 0.9 of the

sensory assessment values.

Thermal Effect
Sample: 113 (1C00 cs Silicone Oil) 148(30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Val. x
Param.

Estimate
Predict

Actual
Sensory

Value

Thermal Effect Intercept

Viscosity (0.001 s-1 ) (log 10)

Complex Visc.(100 red s-l ) (log 10)

Arrhenius EXP Index (linear)

4.987E+00

-4.872E-01

8.533E01

-2.316E-05

4.987

0.000

0.000

-0.038 4.95 5.15

4.987

-2.264

2.384

-0.077 5.03 5.11

Thermal effect was dominated by high frequency (100 rad s -1 ) complex viscosity.

High values of high frequency viscosity added to the intercept value of 5.0 (a

warming effect), whilst low values had a cooling effect.

Low shear (10 -3 s -1 ) viscosity acted as a counterbalancing influence to the high

frequency viscosity. High values of low shear viscosity led to a subtraction from

233



the intercept (i.e. a cooling effect). The balance between these two parameters

indicated that the samples that were most shear thinning were the most cooling.

Arrhenius exponential index had a negligible effect on thermal effect. Samples

that "melted" most, i.e. had the highest index values, decreased the thermal effect

prediction very slightly.

Thermal effect predictions were very good for the above two samples (within

±0.2).

Absorbency

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Absorbency intercept
Viscosity (0.001 s-1 ) (log 10)

Complex Visc.(100 red s 1 ) 00910
G(00) Relaxation (log 10)

2.196E+00

1.597E+00

-3.554E+00

8.198E-01

2.196

0.000

0.000

1.186 3.38 2.74

2.196

7.422

-9.931

4.099 3.79 3.21

Absorbency was not dominated by any one of the three variables, but was a

balance between them. High values of relaxation modulus (time = 0) and high

values of low shear (10 -3 s -1 ) viscosity added to the intercept value of 2.2, whilst

high values of high frequency (100 rad s -1 ) complex viscosity subtracted from the

intercept. This was the case for the beeswax/liquid paraffin sample, where the

balance between the three variables added 1.6 to the intercept, to yield a

predicted absorbency value of 3.8.

The balance between the two viscosity parameters indicated that the most shear

thinning samples were also the most absorbent.

Absorbency predictions for the two above listed samples were good, within 0.7 of

the actual sensory values.

Residue Amount

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. Vat x
Param.

Estimate
Predict

Actual
Sensory

Value

Residue Amount Intercept
Viscosity (0.001 s-1 ) (log")

Complex Visc.(100 red e ) (log 10)

Arrhenius EXP Index (linear)

6.246E+00

-1.961E+00

3.191E+00

8.399E-05

6.246

0.000

0.000

0.139 6.38 7.33

6.246

-9.115

8.917

0.278 6.33 6.75
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Residue amount was predicted by the balance between low shear (10 -3 s-1)

viscosity and high frequency (100 rad s -1 ) complex viscosity. Low values of low

shear viscosity and high values of high frequency complex viscosity, added most

to the intercept value of 6.2. This was in contrast to the absorbency attribute. In

this case the least shear thinning samples resulted in the highest residue amount

predictions.

Increasing Arrhenius exponential index had a very minor effect at increasing the

residue amount predictions.

Residue amount predictions for the above two samples were within ±1.0 of the

actual sensory values.

Residue Tackiness

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Residue Tackiness intercept

Viscosity (10000 s-1 ) (log 10)

Complex Visc.(100 rad s' I ) (log 10)

G(.0) Relaxation (log 10)

1.020E+00

1.497E+00

-1.751E+00

1.837E+00

1.020

0.000

0.000

2.659 3.68 3.33

1.020

-0.901

-4.894

9.187 4.41 3.74

Residue tackiness was not dominated by any one of the three variables listed

here, but was a balance between all of them. High values of relaxation modulus

(time = 0) and high values of high shear (10 4 s -1 ) viscosity, added to the intercept

value of 1.0, hence increasing the residue tackiness prediction. A high value of

high frequency (100 rad s -1 ) complex viscosity subtracted from the intercept value,

thus reducing the residue tackiness prediction.

Generally, samples with a high relaxation modulus, that were not particularly

shear thinning, were the most residue tacky.

Residue tackiness predictions for the above two samples were good, within 0.7 of

the actual sensory values.
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Skin Slipperiness

Sample: 113 (1000 cs Silicone Oil) 148 (30% Beeswax/Lq. Paraffin)

Sensory Attribute Parameters
Parameter
Estimate

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Rheo. VaL x
Param.

Estimate
Predict

Actual
Sensory

Value

Skin Slipperiness intercept

Viscosity (10000 e) (log 10)

G(=0) Relaxation (log)

Arrhenius EXP Index (linear)

5.472E+00

3.026E01

-4.384E-01

5.311E-05

5.472

0.000

-0.634

0.088 4.93 4.82

5.472

-0.182

-2.192

0.176 3.27 3.22

Skin slipperiness was dominated by both high shear (10 4 s-1 ) viscosity and

relaxation modulus (time = 0). Samples with high values of high shear viscosity

added to the intercept value of 5.5, thus increasing the slipperiness of the skin

(after-feel). Samples with high values of relaxation modulus subtracted from the

intercept, resulting in a lower skin slipperiness value. The 30% beeswax/liquid

paraffin sample had a low value of high shear viscosity and a high value of

relaxation modulus, thus resulting in a double subtraction from the intercept, and

hence a low prediction value of skin slipperiness of 3.3.

An increase in the Arrhenius exponential index caused a minor increase in the

slipperiness of the skin prediction, i.e. the most temperature sensitive samples

(the samples that "melted") left the skin more slippery.

Skin slipperiness predictions were very good, with values within ±0.1 of the actual

sensory values.
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and was totally unrelated to the state of the skin. Visual thickness was always

rated before any hydration took place. A possible explanation for the observed

minor increase (0.34 on the 0 to 10 scale) in visual thickness was, that since

panellists were aware that they would subsequently be immersing their arms and

hands in water before assessing the skin-feel attributes, their subconscious visual

thickness scales were shifted fractionally in intensity. The thought of using water

for the subsequent hydration, water being very low on the visual thickness scale,

may have caused this minor shift in their visual thickness scales.

Wetness and spreadability were the only attributes that decreased slightly for the

pre-hydration measurements.

The above method basically simulated the effect of a bath or a shower. After

drying oneself, and immediately applying a personal care product, that product

would feel slightly more sticky, greasy, elastic, warming and thick on the skin, and

slightly less wet and less spreadable. The product would be unaffected in terms of

peakiness, stringiness, creamy feel, smoothness and absorbency. Skin

slipperiness and skin softness after-feel were also unaffected by the pre-

hydration.

5.6.2 Effect of Diluting Samples with Water

The effect of diluting 3 samples with water was examined by rheology and

sensory evaluation. The samples used were the highest volume fraction 01W

silicone emulsion (55%), the highest volume fraction PVA/sodium borate gel (A8)

and Vaseline Intensive Care Lotion. All samples were measured in their original

form and with 25% (w/w) dilution with water (i.e. sample : water ratio was 75:25),

and with 50% (w/w) dilution with water. Sensory evaluation was performed on pre-

hydrated skin. This sensory evaluation method combined with the diluted samples

simulated the effect of applying a personal care product onto wet skin (for

example during a shower), which would result in the dilution of the applied product

with the skin surface water.

The results from sensory analysis (and from rheological measurements) are

shown in Table 5.6.2-1.
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Table 5.6.2-1 also shows the key rheological parameters and how they changed

with dilution. Both shear and complex viscosity decreased dramatically

(logarithmically) for each sample upon dilution as expected. G* and G(Go) (from

relaxation) also decreased dramatically as expected. Phase angle was not

affected for the PVA/sodium borate gel upon dilution and remained at

approximately 70 0 . Phase angle for Vaseline Intensive Care Lotion and for the

55% 01W silicone emulsion sample increased slightly with dilution. Stress

relaxation times were generally unaffected by dilution for the PVA/sodium borate

gel and for the 55% 01W silicone emulsion sample, although a consistent

decrease was observed with increasing dilution for the Vaseline Intensive Care

Lotion system.

All the observed trends in sensory values and rheological parameters, of the 3

systems with increasing dilution, were best summarised by principal components

analysis and biplotting. Figure 5.6.2-2 shows how each attribute changed in

relation to each other attribute. 88.1% of the variability between samples was

successfully summarised within the first two principal components. Subsequent

principal components only contained a very small amount of trivial information,

and were therefore not shown.

The 1 st principal component contained 53.0% of the total information about the

variability between samples. This principal component was closely directly related

to complex viscosity (100 rad s-1 ), G* (6.3 rad s-1 ), G(co)(relax) and amount of

peaking. The 2 nd principal component contained 35.1% of the variability, and was

most closely directly associated with stringiness and inversely associated with

spread ability.

The degree of dilution vector pointed to the bottom left corner of the chart. Vectors

that were approximately inline/parallel to this vector were most closely related to

increasing amount of dilution, and were therefore those attributes that changed

the most upon diluting each sample.
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Figure 5.6.2-2 PCA Biplot - Dilution Effect
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These attributes included elasticity, stickiness, high shear viscosity (10 4 s-1),

thickness, firmness, visual thickness and greasiness, which were inversely

related. Wetness was closely directly related to degree of dilution. Vectors that

were orthogonal to degree of dilution were not related and were therefore

generally unaffected by any dilution. They included, skin slipperiness, oiliness,

smoothness, residue amount and absorbency.

The sample positions were also seen on the chart, and were joined-up by a trend

line showing the effect of dilution for each system. The relative positions of the

samples on the chart reflected the differences in sensory attribute intensity and

rheological measurements. The trend lines were, as expected, approximately

parallel to, and therefore closely related to, the degree of dilution vector (and any

vectors associated with it). The PVA/sodium borate gel dilution system was

situated in the top left corner of the chart, since these samples were the most

stringy, had the highest phase angle values, and left the skin more slippery. The

Vaseline Intensive Care Lotion dilution system and the 55% 01W silicone

emulsion dilution system were both situated close together in the bottom right

corner of the chart. Both systems were therefore low on the above mentioned

attributes and higher on oiliness, smoothness, relaxation time, creamy feel and

visual creaminess. The Vaseline Intensive Care Lotion dilution system was

slightly higher on all these attributes than the 55% 01W silicone emulsion dilution

system.

The shortest vectors were homogeneity, thermal effect, and skin softness, which

showed very little or no difference between samples.
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6. CONCLUSIONS

The purpose of this research was to investigate the relationships between the

skin-feel and the rheological properties of materials. This was achieved by initially

formulating a wide range of rheologically different materials, suitable for skin

application. The materials were formulated to be as simple as possible, with the

minimum number of ingredients. The sample sets were: silicone oils, PVA/sodium

borate gels, W/O and 01W silicone emulsions, and beeswax/liquid paraffin

samples.

These materials successfully spanned the practical viscosity range for which they

could be applied to the skin, and also included areas of sensory feel which could

not be covered by marketed personal care products. These samples were not

designed as products. Three marketed personal care products (Cream E45,

Vaseline Intensive Care Lotion and Anne French Deep Cleansing Milk) were,

however, included in the study to act as familiar reference points.

Twenty people were selected and trained to become sensory panellists. The skin-

feel of each sample was assessed on the inner forearm.

The Bohlin VOR controlled strain rheometer was used to rheologically

characterise the samples.

6.1 SENSORY EVALUATION

The attributes that were chosen for sensory evaluation are shown in Table 6.1-1.

These language terms covered a wider range of different types of skin-feel in the

rub-out stage than either the Spectrum Descriptive Analysis Method16'37 or the

American Society for Testing and Materials (ASTM) Committee E-18 method of

sensory evaluation
43

, (as described in Section 2.2.2).
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Table 6.1-1 The Sensory Attributes

	

Visual	 Visual Thickness
Visual Creaminess

	

Pick-Up	 Firmness
Amount of Peaking

Stringiness
Stickiness
Elasticity

	

Rub-Out	 Greasiness
Wetness
Oiliness

Spreadability
Creamy feel
Thickness

Smoothness
Thermal Effect

Absorbency
Residue Amount

Residue Tackiness

	

After-Feel	 Skin Slipperiness
Skin Temperature

Analysis of variance (ANOVA) indicated that each attribute showed statistically

significant differences between samples. The attributes skin slipperiness, skin

temperature, thermal effect and smoothness showed the smallest amount of

variability between samples, i.e. the samples that were rated were only using a

fraction of the possible range on these attribute scales. The attributes visual

thickness, visual creaminess, amount of peaking, stringiness, greasiness and

wetness showed the largest amount of variability between samples.

As a result of the controlled protocols, clear terminology and reference scales,

panellists were consistently capable of differentiating between samples. Panellists

were generally self-consistent to within ±1.4 units (on the 0 to 10 scales used)

when repeating measurements on the same sample on separate occasions. The

mean values across all panellists, for repeated measurements, were within ±0.6

units. The trained sensory panel was therefore a valid and reliable method of

assessing the sensory attributes of a sample on the skin.

Preference assessments were not rated by the panel.

Principal components analysis and biplotting indicated how the sensory attributes

were related and where the samples were positioned relative to these attributes.
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Certain attributes were grouped together and were therefore closely correlated,

whilst attributes that were orthogonal to each other were unrelated. The first three

principal components accounted for 87% of the variability between samples. The

attributes - greasiness, thickness and firmness were closely directly related to

each other. Elasticity, stickiness and residue tackiness were also closely directly

related to each other, and were inversely related to absorbency, spreadability and

oiliness. Visual thickness was inversely related to wetness. Creamy feel, visual

creaminess and peaking were all closely directly related, and inversely related to

skin slipperiness. Stringiness was not closely related to the other attributes.

The 01W silicone emulsions, the highest volume fraction W/O silicone emulsions

and the products Vaseline Intensive Care Lotion and Cream E45 were the

creamiest samples, which also showed high values of peaking and visual

thickness, and low values of wetness and skin slipperiness after-feel. The

beeswax/liquid paraffin samples and the highest viscosity silicone oil sample were

the stickiest, most elastic, firmest, thickest and greasiest samples. The

PVA/sodium borate gels were the wettest and most skin slippery after-feel

samples. The lower volume fraction W/0 silicone emulsions, the lowest viscosity

silicone oil and Anne French Deep Cleansing Milk were the oiliest, most

spreadable and most absorbent samples.

Hydrating the skin for 5 minutes in water at 40°C and patting dry immediately prior

to sensory evaluation had a statistically significant (p < 0.05 2-tailed paired t-test

t> 1.98, df = 122) minor effect (of ,z, 0.4 on the 0 to 10 scale) at increasing the

stickiness, elasticity, greasiness, thickness, warming effect and residue tackiness

values of 7 different samples. Wetness and spreadability values decreased

slightly.

Diluting samples with water showed large statistically significant effects on the

majority of the sensory attributes. For Vaseline Intensive Care Lotion the following

attributes decreased in intensity (significant at p < 0.05 ANOVA: 1-factor

randomised F(2,53) > 3.17), by up to 5.3 units on the 0 to 10 scales, on dilution to

50% (w/w) with water: visual thickness, visual creaminess, firmness, peaking,

stringiness, stickiness, elasticity, greasiness, creamy feel and thickness. Wetness

and spreadability increased slightly on dilution to 50%. Oiliness, smoothness,

homogeneity, thermal effect, absorbency, amount of residue, residue tackiness,
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skin slipperiness and skin softness were not statistically significantly affected by

dilution.

6.2 RHEOLOGICAL CHARACTERISATION

A wide range of rheological behaviour was observed.

The silicone oil samples behaved as model Newtonian systems, i.e. their

viscosities remained independent of shear rate or shear frequency. Phase angle

values were very close to 90 0 indicating viscous liquid behaviour, and relaxation

times were instantaneous.

The PVA/sodium borate gels exhibited marked shear thickening behaviour and

unstable flow above certain critical shear rates. This was in agreement with the

work of Inoue and Osaki (1993). The higher the volume fraction of sodium borate,

the higher was the viscosity of the gel, and the lower was the critical shear rate at

which thickening occurred. The viscoelastic behaviour of the gels was consistent

with standard linear solid (Maxwell + Hookean model) behaviour. Phase angle

values were generally greater than 70°, indicating predominant viscous

behaviour. Relaxation times were short (<0.3 s). The gels were also very

temperature sensitive and reduced in viscosity with increasing temperature.

The W/O silicone emulsions showed marked shear thinning behaviour. Power law

index and viscosity values increased with increasing volume fraction. Viscoelastic

behaviour varied dramatically across the sample set. The lowest volume fraction

sample (40%) had a phase angle of greater than 80°, i.e. it exhibited

predominantly viscous behaviour. As volume fraction increased, the phase angle

decreased to less than 5° for the 70% and 80% samples (elastic behaviour).

These high volume fraction samples were the least temperature sensitive, whilst

the lower volume fraction samples were substantially more temperature sensitive,

showing decreasing viscosity values with increasing temperature. Relaxation

times for the elastic samples were longer than 600 s, and for the lower volume

fraction samples were less than 0.4 s.

248



The rheological behaviour of the 01W silicone emulsions did not show much

variation. All the 0/W emulsions were shear thinning. Oscillation behaviour was

not consistent with any simple viscoelastic models, storage modulus increased

with increasing radial frequency, consistent with power law type models for all

samples. Phase angles were centred around 30°. Relaxation times were all

shorter than 0.3 s. All 01W samples were generally temperature sensitive,

exhibiting decreasing viscosity values with increasing temperature.

The beeswax/liquid paraffin samples were all shear thinning, and showed

increasing viscosity values with increasing volume fraction. All of these samples

had low phase angles (<20°). The highest volume fraction samples (30% and

40%) exhibited elastic behaviour, whilst the 10% and 20% samples showed

increasing storage modulus values with increasing radial frequency (not

consistent with any simple viscoelastic models). Relaxation times increased with

increasing volume fraction from 15 s up to 400 s. Temperature sensitivity

dramatically increased with decreasing volume fraction, i.e. the lowest volume

fraction sample showed the greatest decrease in viscosity with increasing

temperature.

For the branded products: Cream E45 and Vaseline Intensive Care Lotion were

both very shear thinning, and Anne French Deep Cleansing Milk appeared to be

only very slightly shear thinning. Vaseline Intensive Care Lotion was the most

solid like out of the 3 products, with a phase angle of 10°, Cream E45 had a

phase angle of 30° and Anne French Deep Cleansing Milk about 45°. Oscillation

behaviour was not consistent with any simple viscoelastic models. Cream E45

had the highest storage modulus values and dynamic viscosity values, followed

by Vaseline Intensive Care Lotion and Anne French Deep Cleansing Milk.

Relaxation behaviour was more complex than for any of the above formulated

sample systems. Cream E45 was the most temperature sensitive product (with the

highest Arrhenius exponential index value), followed by Vaseline Intensive Care

Lotion, and then by Anne French Deep Cleansing Milk which showed no

temperature sensitivity at all.

Vaseline Intensive Care Lotion, 55% 01W silicone emulsion and the highest

volume fraction PVA/sodium borate gel sample were all diluted with 25% (w/w)
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and 50% (w/w) water. Viscosity and modulus values decreased greatly with

increasing dilution. Phase angle and relaxation times were affected to a much

lesser extent for the sample sets tested.

6.3 PSYCHO-RHEOLOGICAL RELATIONSHIPS

The silicone oils, the W/0 silicone emulsions and the beeswax/liquid paraffin

samples all showed wide ranges of both rheological and sensory behaviour. The

PVA/sodium borate gels showed a wide range of rheological behaviour but were

somewhat more difficult to assess sensorially due to the high temperature

sensitivity of the samples - leading to samples "melting" on the skin. The 01W

silicone emulsions were all very similar in terms of sensory evaluation and

rheology, and therefore showed very little variation between samples.

It was shown in Section 5.5.1 that sensory assessments were most closely

correlated with logarithmic rheological measurements. For example, the sensory

thickness values of the silicone oil samples increased from 1.7 to 3.5 to 5.8 to 7.8

(based on the 0 to 10 sensory scale) as viscosity increased from 0.047 to 0.34 to

1.0 to 13 Pa s - a logarithmic relationship. This agreed with Fechner's law
86

(1850), see Section 3.2.2.

Correlation matrices, scatter plots, principal components analysis and multiple

linear regression were all used to identify the relationships between the sensory

attributes and the rheological parameters, for each sample set individually, and

then for all 29 samples together.

Maximum R2 improvement multiple linear regression was employed to form a

predictive model for each sample set from which sensory values were

successfully predicted from rheological measurements. A similar model was

constructed for the general case for all samples.

The silicone oils showed strong correlations between attributes. All sensory

attributes were closely related to viscosity. 96% of the variability between samples
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was accounted for by just the 1 st principal component, related to viscosity. The

majority of the sensory attributes were directly related to viscosity, the inversely

related ones included: spreadability, oiliness, smoothness, creamy feel and

wetness. Samples generally increased or decreased in sensory intensity in line

with increasing or decreasing viscosity. Creamy feel was an exception, since a

maximum in creamy feel was observed for the mid range samples, with the

highest and lowest viscosity samples both having low creaminess values. R2

values for the best 2-variable model for predicting the sensory values from

rheological parameters were better than 0.96 for all attributes.

The W/O silicone emulsion samples similarly showed strong correlations between

all sensory and rheological parameters. 94% of the variability between samples

was accounted for in the 1 st principal component which was directly related to

viscosity and volume fraction, and inversely related to phase angle. The majority

of the sensory attributes were closely directly related to viscosity, the others

including oiliness, spreadability, wetness and residue amount were closely

inversely related to viscosity. R2 values for the best 2-variable model for predicting

the sensory values from rheological parameters were 0.99 or better for all

attributes.

The 01W silicone emulsion system showed much less variation between samples

for both sensory and rheological measurements. The 1 st principal component in

this system accounted for 54% of the variability between samples, and was

related to elastic modulus and residue tackiness. Stickiness, greasiness and

thickness were directly related to volume fraction, and were inversely related to

oiliness, wetness and spreadability. Visual creaminess was directly related to

phase angle and both were inversely related to complex modulus, firmness and

elasticity. R2 values for the best 3-variable model for predicting the sensory values

from rheological parameters were 0.93 or better for all attributes.

The 1 st principal component in the PVA/sodium borate gel system accounted for

75% of the variability between samples, and was closely directly related to volume

fraction of sodium borate, stickiness, G(00) and visual thickness, and inversely

related to critical shear rate at thickening. Thickness, firmness and elasticity were

all directly related to each other, and were inversely related to wetness,

spreadability and absorbency. These attributes were not closely related to the
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rheological parameters. R2 values for the best 3-variable model for predicting the

sensory values from rheological parameters were all better than 0.8 for all

attributes.

84% of the variability between the beeswax/liquid paraffin samples was accounted

for in the 1 st principal component, which was closely directly related to thickness

and volume fraction, and closely inversely related to spreadability, oiliness, phase

angle and Arrhenius exponential index. All the other parameters, apart from

stringiness, amount of peaking and creamy feel were in line with this axis. These

latter 3 parameters were aligned with the 2 nd principal component and deviated

from the rest because of the maximum in peaking, stringiness and creamy feel for

the two mid-range samples (20% and 30% volume fractions). The 10% and 40%

samples were much lower on these 3 attributes than these mid-range samples. All

other attributes varied consistently with either increasing or decreasing volume

fraction. R2 values for the best 2-variable model for predicting the sensory values

from rheological parameters were all 0.99 or better for all attributes.

Generally, for all samples, viscosity (continuous shear and dynamic) was the

underlying rheological parameter most closely associated with the sensory

attributes. Exceptions to this were: firmness and elasticity, where the complex

modulus was most dominant; visual creaminess and creamy feel, where the phase

angle was most dominant (an inverse relationship); and stringiness - which was

closely related to the Arrhenius exponential index, i.e. the most temperature

sensitive samples were also the stringiest samples.

The principal components analysis biplot showed 72% of the variability between

samples. The 1 st principal component (53.6%) was closely related to low shear

(10-3 s-1 ) viscosity, and the 2 nd principal component (18.2%) was closely related to

high shear (104 S-1 ) viscosity. Therefore measuring these two rheological values

for a sample, immediately led to an approximate position for the sample amongst

the sensory space covered by the biplot chart.

The sensory attributes that were related to high values of both low and high shear

viscosity were: residue amount, residue tackiness, elasticity, stickiness, firmness,

thickness, greasiness and visual thickness. Samples in this sector on the biplot

were the higher volume fraction beeswax/liquid paraffin samples and the highest
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viscosity silicone oil. Low values of both low and high shear viscosity were related

to: wetness, absorbency, spreadability and oiliness. Samples in this sector of

sensory space were: the low volume fraction W/O silicone emulsions, the low

viscosity silicone oils, the lowest volume fraction PVA/sodium borate gel and Anne

French Deep Cleansing Milk. High values of high shear viscosity together with low

values of low shear viscosity were related to stringiness and skin slipperiness,

Samples in this sector were the PVA/sodium borate gels and the mid range

(1000 cs) silicone oil sample. Low values of high shear viscosity together with

high values of low shear viscosity, (i.e. shear thinning samples such as the 01W

silicone emulsions, the highest volume fraction W/O emulsions, Cream E45 and

Vaseline Intensive Care Lotion) were related to peaking, creamy feel, visual

creaminess and smoothness.

For accurate predictions of the sensory attribute intensity of any sample, the best

3-variable maximum R2 improvement multiple linear regression model was

available. Provided the sample for which the predicted sensory value was

required was similar to the ones included in this study, sensory predictions with R2

values better than 0.5 and root mean square errors of less than ± 1.6 units (on the

0 to 10 scale) were achieved. The sensory attributes that were most satisfactorily

predicted were visual thickness, firmness, greasiness, thickness and skin

slipperiness, where the R2 values were all greater than 0.8.

In order to assess the just noticeable difference in viscosity that could be detected

by panellists, the best 1-variable maximum R 2 multiple linear regression model for

thickness assessments for the silicone oil samples was used. An increase in log10

dynamic viscosity values of 0.22 {for example from 50 mPa s (log i o = -1.30) up to

83 mPa s (log 10 = -1.08)} caused a just noticeable increase in the predicted

sensory thickness value of 0.56 (the RMS error size for a single prediction) on the

0 to 10 sensory scale.

In summary, the objectives of this project have been achieved: A wide range of

sensory space and rheological behaviour has been identified. Skin-feel has been

explained and was closely correlated to the rheological parameters of the

materials. Thus it is now possible to measure up to three rheological parameters

and predict the sensory evaluation of a material with a high degree of accuracy.
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7. FURTHER WORK

Some suggestions for new projects related to psycho-rheology are listed here:

• The stress at the finger/inner forearm interface, during spreading a sample on

the skin, may be measurable by using a piezoelectric crystal device attached to

a glove finger. Alternatively, a liquid displacement device, at the finger/arm

interface, attached to a pressure transducer could measure the pressures

involved in spreading, which can be translated into stress. These estimates

may yield interesting information about the range of stress or strain which

operates during spreading a sample on the skin.

• Yield stress values (approaching zero shear) and extensional rheology may

result in relevant rheological parameters which can be compared with the

sensory results.

• A large group of (� 100) untrained subjects could do a series of paired

comparison tests between samples for specific attributes. These results would

lead to an intensity hierarchy of samples for each attribute, and would also

indicate the just noticeable differences between samples. Results would be

compared with the sample hierarchies from trained panels, and with hierarchies

from rheological measurements.

• Subjects could be brought together from different demographic groups and

compared with each other to establish if differences exist in their sensory

evaluation performance.

• A different range of samples could be included in a psycho-rheological study.

For example, foaming samples, powdery samples, or particularly warming or

cooling samples could be investigated.

• A detailed study on one particular system with a large number of expert

panellists could be used to investigate the effect of changing the droplet size in

an emulsion system, on the sensory values and rheological measurements.
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8. APPENDIX 1
Details of the materials used:

All the water used in this study was filtered and reverse osmosis ion exchanged,

with a "Purite" system.

Silicone Oils

Dow Corning 200 Fluid:

(Batch Numbers:)

50 cs XZ061323

350 cs WC093312

1000 cs WC093331

12500 cs WF033065

Poly (vinyl alcohol)/Sodium Borate Gels 
Kodak Poly(vinyl alcohol), 99-100% hydrolysed, molecular weight ,,--.,93400, (batch

number 3223323223)

Aldrich Sodium tetraborate decahydrate, A.C.S. reagent, (batch number 79651)

BDH Anala R Cetyltrimethylammonium Bromide, minimum assay 99.0% after

drying, (batch number 4805780H)

Water-in-Oil Silicone Emulsions 
Dow Corning DC3225C Formulation Aid - cyclomethicone (D3 —› D6 cyclic

dimethyl polysiloxane) (and) dimethicone copolyol (dimethyl polysiloxane with

polyoxyethylene/polyoxypropylene side chains), (batch number LL073032)

Th. Goldschmidt ABIL EM90 - cetyl dimethicone copolyol (dimethyl polysiloxane

with C 16-alkyl and polyoxyethylene/polyoxypropylene side chains), (batch number

202-17-6-3)

BDH Anala R Sodium Chloride, min. assay 99.9% after ignition, (batch number

K20420833-350)

Oil-in-Water Silicone Emulsions 
Th. Goldschmidt ABIL 350 - 350 cs silicone oil, (batch number 03596)
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Figure 8-1 Branded Product Packaging
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Th. Goldschmidt EMULGATOR E2155 - Steareth 7 (polyethylene glycol-7 stearyl

ether) and Steareth 10 (polyethylene glycol-10 stearyl ether) and Stearyl Alcohol

(1-octadecanol), (batch number MG-2579)

Th. Goldschmidt TEGINACID H - Glyceryl Stearate and Ceteth 20 (polyethylene

glycol-20 cetyl ether), (batch number ZA-3024)

Aldrich Stearyl alcohol (1-octadecanol), 95%, (batch number 75236).

BDH Anala R Sodium Chloride, min. assay 99.9% after ignition, (batch number

K20420833-350)

Beeswax/Liquid Paraffin Mixtures
Honey Hill Apiary Beeswax

Boots Liquid Paraffin B.P. (lot number 1XX2)

Branded Products 
Chesebrough-Pond's Ltd Vaseline Intensive Care Lotion, purchased August

1994, (batch number 650)

Anne French Ltd Anne French Deep Cleansing Milk fragrance free, purchased

August 1995, (batch number 64197)

Crookes Healthcare Ltd Cream E45, purchased August 1995, (batch number

160ZZ)
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