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1. Introduction

The spreading of cosmetic oils on the human skin can be defined as 
the capability of substances to more or less quickly spread on the 
capillary active, chemically heterogeneous horny layer and to form a 
film [1]. For the reason that this is closely connected with 
characteristics like the fattening behavior of the emollient, spreading 
values are an important product trait for every cosmetic oil. 

A common technique for determination of the spreading values has
been described by Zeidler [1]. However, this technique has two 
major disadvantages: 
As it is an in-vivo method, there is no possibility to test new 
substances without established toxicological profile and furthermore 
only an indirect calculation of the spreading area is part of this 
technique. Hence a new method to determine the spreading value as 
the kinetic persecution of the area wetted by a drop and the optical 
analysis thereof is presented. And as the surface roughness has a 
distinct influence on the spreading of emollients, investigations with 
regard to different surface roughness on an artificial membrane were 
made.

2. Material and methods

2.1 Emollients

The emollients tested are: Dicaprylyl Ether, Dibutyl Adipate, Decyl
Oleate, Ethylhexyl Stearate, Cetearyl Isononanoate, Oleyl Erucate, 
Squalane, Octyldodecanol, Caprylic/ Capric Triglycerides and  
Isopropylmyristate from Cognis Deutschland GmbH & Co KG, 
Düsseldorf, Paraffinum liquidum and Paraffinum perliquidum from 
Hansen & Rosenthal KG, Hamburg, C12-15 Alkyl Benzoate from 
Finetex Inc., New Jersey, Dimeticone Copolyol from Wacker
Chemie GmbH, Burghausen and Cyclopentasiloxan DC 245 from 
Dow Corning S.A., Belgium.

Different artificial collagen materials were tested with regard to their 
suitability as a skin substitute. Substitute 1 and 2 can be 
distinguished via their different surface characteristics. Both 
substitutes have during experiments additionally been modified with 
regard to their moisturization.

The moisturization of skin substitutes has been achieved via 

a) keeping the substitutes in chambers with defined humidities and   
controlled temperature

b) addition of suitable humectants

After conditioning the hereby precisely wetted membranes were 
spanned tensely.

2.2 Determination of spreading behaviour

5 respectively 10µl of the emollient was applied with a µl syringe on 
the forearm of test persons or on skin substitutes. After application 
time graphite powder was spread on the forearm. The surplus powder 
was removed carefully.

Evaluation of the spreading area was performed via Olympus C-
3030 camera with Camedia Master 2.0, Olympus Optical LTD 
picture software.

The time between application and measurement was 5 respectively 
10min. For analysis pictures were taken and the spreading area 
(mm2) was evaluated by analySIS software, Soft Imaging System 
GmbH.

Picture: Optical analysis of the spreading area

2.3 Determination of topography of materials

All tested materials have been determined topographically during
experiments. Topography of skin substitutes (roughness) was 
examined by a Hommel surface measurement device and compared 
to human skin.

Surface energy of membranes was determined via determination of 
the contact angle of calibration fluids on these membranes and 
calculation of the surface energy via the Owens, Wendt geometric
mean model.

Viscosity was tested using a viscosimeter by Höppler at 20°C.
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3.2.2 Viscosity of oils

Feasibility of the method and the membranes has been further 
evaluated by correlation of spreading data and viscosities of oils.
A good correlation can be found between spreading data on skin and 
on substitute 2.

Fig. 4: Correlation of viscosity of oils and spreading values with graphite powder 
on skin and substitute 2 

3.2.3 Surface energy 

Surface energies were only calculated for the dry substitutes and the 
substitutes conditioned with vaporized water (80-100% r.h.). 

Fig. 5: Surface energy of dry and moisturized skin substitutes 

Surface energy result hint at that the moisturized substitute 2 seems 
to be very suitable for determination of spreading values.

3.3 Spreading on moisturized substitutes

Spreading experiments on moisturized substitutes were carried out 
on the substitute 2 conditioned with vaporized water (80-100% r.h.).

Fig. 6: Spreading behaviour of emollients on moisturized substitute 2

Spreading values on the moisturized substitute are more skin like 
than on the dry substitute. Differentiation is difficult, however, 
low, middle and high spreading emollients can be distinguished. 

4. Conclusions

It could be shown that the new method of determination of spreading 
values with graphite powder is feasible not only on human skin but 
also on dry and moisturized skin substitutes. Data on skin substitutes 
is promising and will be expanded especially with regard to other 
methods for cosmetic testing.  
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3. Results and discussion

3.1 Determination of spreading behaviour

First experiments were carried out on human skin and on substitute 1 
and 2 and compared to previous published data.

Fig. 1: Comparison of experimental data with graphite on human skin and on 
substitute 1 and 2

The spreading area can be easily defined both on skin and on the
substitutes and a precise optical capture is feasible. The analysis of 
the emollient area coloured with powder is promising. Experimental 
data on skin and previously published data are comparable. 
Experimental data on substitutes is lower than data on skin, however, 
for some selected emollients a correlation can be found:

Fig. 2:  Correlation of spreading data on skin and skin substitutes (1 and 2) with 
previous published data and FH LuH data on skin

Establishing correlations with previous published data was
successful. Topographical investigations should gain further 
knowledge about the surface characteristics of the substitutes. 

3.2 Topography of materials

3.2.1 Roughness

In table 1 the results for investigation of roughness of the materials 
are given. 

Table 1: Roughness of skin substitutes (dry)

The dry substitutes are not comparable to human skin replica 
roughness. Hence moisturized substitutes were conditioned and 
investigated with regard to roughness.

Fig. 3: Roughness of moisturized skin substitutes

Via the moisturization of substitutes more skin-like roughness values 
can be achieved. There is a distinct difference if the relative humidity 
has been achieved via vaporized water or via humectant mixtures. 
However, the substitutes are quite indifferent to relative humidities.

104,03

231,39

74,11

183,07

383,45

78,38

58,32 61,68

57,45

149,45

55,06

89,25
116,55

50,19
38,77

67,98

0

50

100

150

200

250

300

350

400

450

500

0 200 400 600 800 1000 1200 1400 1600 1800

Spreading value according to Zeidler [mm2/ 10min] 

Sp
re

ad
in

g 
va

lu
e 

w
ith

 g
ra

ph
it 

on
 E

W
D

 m
em

br
an

e 
[m

m2 / 1
0m

in
] Dibutyl Adipate

Dicaprylyl Carb.

Dicaprylyl Ether

Cet. Isononanoate

Isopropyl Myristate

Oleyl Erucate

Decyl Oleate

Cyclopentasiloxan

Dimethicone C.

Octyldo-decanol

Squalane

Caprylic/ Capric TG

C12-15 Alkyl Benz.

Paraff. Liq.

Paraff. Perliq.

Ethylhexyl Stearate

"Low"

"Middle"

"High"

R2 = 0,8864

R2 = 0,8271

R2 = 0,7433

0

200

400

600

800

1000

1200

1400

1600

1800

50 250 450 650 850 1050 1250 1450 1650
Human Skin Spreading Data -  FH LUH method [mm2]

L
ite

ra
tu

re
 S

pr
ea

di
ng

 D
at

a 
[m

m
2]

Sp
re

ad
in

g 
D

at
a 

FH
 L

U
H

 M
et

ho
d-

Su
bs

tit
ut

es
 [m

m
2]

 

Literature data versus Skin Method FH LUH
Substitute 2 versus skin method FH LUH
Substitute 1 versus Skin method FH LUH
Linear (Literature data versus Skin Method FH LUH)
Linear (Substitute 2 versus skin method FH LUH)
Linear (Substitute 1 versus Skin method FH LUH)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0

S
p

re
a

d
in

g
 v

a
lu

es
 [

m
m

²]

skin data (5µl/5min), n = 6
 experimental data on substitute 1 (10µl/10min), n = 8
 experimental data on substitute 2 (10µl/10min), n = 6

S
q

u
a
la

n
e 

D
ic

a
p

ry
ly

l 
E

th
er

IP
M

O
ct

y
ld

o
-d

ec
a
n

o
lo

d
ec

a
n

o
l

D
ic

a
p

ry
ly

l 
C

a
rb

.

P
a

ra
ff

. 
 P

er
li
q

.

C
1

2
-1

5
 A

lk
y

l 
B

en
z.

 

P
a
ra

f.
 L

iq
.

E
th

y
lh

ex
y
l 
S

te
a
ra

te

D
ib

u
ty

l 
A

d
ip

a
te

C
a
p

ry
li

c/
 C

a
p

ri
c 

T
G

  
  
 

D
ec

y
l 
O

le
a
te

C
et

. 
Is

o
n

o
n

a
n

o
a

te

D
im

et
h

ic
o

n
e

Material Roughness Ra [µm]

Substitute 1 2.72 (+/- 0.94)

Substitute 2 1.72 (+/- 0.36)

Skin (replica) 13.15 (+/- 2.5)

0

5

10

15

20

25

30

35

40

45

Su
rf

ac
e 

en
er

gy
 (m

N
/m

)

Polar Part
Disperse Part

Su
bs

tit
ut

e 
2

 S
ub

st
itu

te
 2

 w
ith

m
oi

st
ur

iz
at

io
n

Su
bs

tit
ut

e 
1

Su
bs

tit
ut

e 
1 

w
ith

 m
oi

st
ur

iz
at

io
n

Surface energy of 
human skin:        
25- 30mN/m [2]

1

2

3

4

5

6

7

8

Skin substitutes with different re lative  humidities

R
a 

[µ
m

]

           Substitute 1
           Substitute 2
           conditioned with humectants
           conditioned with vapourized water

35% r.h. 50% r.h. 80% r.h.

R2 = 0,6804

R2 = 0,5858
0

200

400

600

800

1000

1200

1400

1600

1800

0,0 20,0 40,0 60,0 80,0 100,0 120,0 140,0 160,0 180,0 200,0

Viscosity [mPa*s]

Sp
re

ad
in

g 
va

lu
e 

[m
m

2 ]

Skin
Substitute 2
Potenziell (Skin)
Potenziell (Substitute 2)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


