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ABSTRACT:

The authors introduce a method to use rheological

properties (such as dynamic viscosity and yield stress)
to describe and predict skin sensory attributes (such
as cohesiveness) of cosmetic products. This is a first
step in learning to use emulsion structure to predict

sensory attributes.

A t present, most sensory evalua-
tions of personal care products are

carried out using well-trained panels.
Sometimes this is supplemented by
various instrumental methods such as
viscosity, corneometry, polarity, etc. The
objective of this study is to investigate
the relationship between rheological
properties and sensory attributes. We
view this as a first step to understanding
the influence of emulsion structure on
sensory characteristics.

In this paper we demonstrate a
methodology to use rheological proper-
ties to describe and predict skin sensory
attributes. Rheological data is analyzed
by Principal Component Analysis
(PCA) and clear correlations were found
between several rheological properties.
Partial Least Squares regression showed
cohesiveness can be predicted by two
rheological properties: dynamic viscos-
ity and yield stress.

Some sensory and rheological prop-
erties clearly depend on the emulsion
structure. In colloid chemistry, scientists
are using models to correlate emulsion
structure with rheological characteris-
tics. In contrast, there is far less knowl-
edge about sensory-emulsion structure
relationships, but the development of
rheology-sensory relationships can be

Vol. 120, No. 4/April 2005

the first step in building understand-
ing about how sensory attributes are
influenced by changing the emulsion
structure.

Theory

Sensory properties of cosmetic
products are key characteristics and
many of these properties are often
related with rheological properties. The
appearance is the customer’s first visual
contact with the product and therefore
very important. Then the product is
applied on the skin and rubbed out. In
this phase the skin feel properties of the
product are important. For instance, the
thickness of a product may play an im-
portant role in the sensory impression.
The customer expects a thicker product
for a facial cream, whereas a body lotion
is expected to be less thick. The latter
should be easily applied on larger parts
of the body. Thickness also plays an
important role during production.

Proper evaluation of sensory charac-
teristics is time-consuming and conse-
quently expensive. In order to save time
and cost, instrumental methods could
be useful to replace sensory tests. It is
generally accepted that instrumental
methods (such as rheology) could be
very useful to increase knowledge about
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why different products have different
sensory characteristics and others don’t.
Surprisingly, the amount of information
found in literature about rheology-sen-
sory correlations for cosmetic products
is very limited.

Meloni' used rheological properties
to explain unexpected moisturization
properties of hydrophilic polymers,
showing how ingredients can be used
to change the emulsion structure. A
few papers assert that sensory-rheol-
ogy correlations are not noticeable in
one-to-one relations. Barry? studied the
correlation of sensory tests of cosmetic
emulsions with rheology, but concluded
that sensory tests do not correlate with

Univariate methods
are not capable of
identifying a proper
[sensory-rheology]
correlation. Multivariate
methods are much
more powerful.

stationary viscosity alone. Brummer’
concluded that shear stress at the onset
of flow alone is not an unambiguous
criterion to distinguish between product
types. Both Barry and Brummer are
indicating that rheological properties
cannot be sufficiently described by sen-
sory property. In other words univariate
methods are not capable of identifying
a proper correlation. Multivariate meth-
ods are much more powerful. These
methods are described elsewhere.®

The power of multivariate methods
has been shown in several application
areas. The food industry is a good
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MULTIVARIATE ANALYSIS

Univariate techniques are most often used to calculate the correlation between
one dependent variable and an independent variable. A famous example is the
relation between absorbency and concentration according to the Lambert-Beer law.
Unfortunately, some references?3 have shown that sensory-rheology relations cannot
be explained by one-to-one correlation. Therefore more advanced techniques are
applied. Two examples are Principal Component Analysis (PCA) and Partial Least
Squares (PLS).

Principal Component Analysis: The basic principle of PCA is to reduce the
number of dimensions by identifying linear relationships between the variables. Latent
variables (principal components) are calculated to explain the variance in the data set
optimally. The most important visual results of the calculation can be described by the
loading and score plots.

A loading plot provides information about the variables and how these are related.
For instance, this plot enables one to identify the existence of positive or negative
relations between the variables. A score plot shows the similarities and differences
between the products.

Partial Least Squares: PLS is a regression method that has some similarity
with PCA. Instead of maximizing the explained variance in the data set, PLS
maximizes the explanation of the dependent value (y-value). This process is much
more focused on the dependent variable and therefore more efficient to describe

the variable of interest.

example because there is clear overlap
with cosmetic applications.* Both appli-
cations areas often work with emulsions
and in both areas sensory characteristics
are very important. Nevertheless,
multivariate methods are not often
described in literature in combination
with cosmetic applications. Wortmann®
used PCA to study the influence of
co-surfactants and conditioning agents
in shampoo. Wiechers® and Wortel” de-
scribed several multivariate techniques
to evaluate sensory attributes of both
emollient and formulated products.

The scope of the article before you
is to demonstrate a method to describe
sensory attributes with rheology proper-
ties. It is not possible to give a complete
theoretical introduction to either mul-
tivariate analysis or rheology. However,
some basics of these techniques are
required to understand this work (see
sidebar). In this article we will focus on
the advantage of multivariate analysis
and use the output of its calculations
without explaining the mathematics
behind it.

Materials

In this study we measured 85 differ-
ent formulations from both commercial

products and in-house formulations.
These samples were tested by a trained
sensory panel. The samples were also
measured with a rheometer® to obtain
information on how the emulsion be-
haves when a certain force is applied.

The data evaluation and the re-
gression is done by several software
packages, such as SAS version 8.2° and
Unscrambler-.

Sensory Methods

All 85 samples are evaluated using the
Spectrum Descriptive Analysis method.’
This sensory technique relies on obtain-
ing accurate numbers by a well-trained
sensory test panel. This panel consists
of approximately 10 members and each
panelist evaluates each product three
times using well-defined attributes
with a fixed meaning. The 21 attributes
can be subdivided in several groups:
appearance, pick-up, rubout, immediate
after-feel and after-feel after 20 minutes.
This study mainly focuses on the pick-
up and rubout phase because these are
obviously most related with rheology.

 Physica UDS 200, Anton Paar Gmbh, Graz, Austria
v Statistical Analysis Software, Cary, NC, USA
¢ CAMO, Norway
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Cohesiveness is used as a typi-
cal example to explain the applied
methodology. This sensory attribute is
evaluated during the pick-up phase and
is evaluated by compressing the product
slowly between index finger and thumb,
after which the fingers are separated.
The degree to which the sample strings
rather than breaks when fingers are
separated is defined as cohesiveness. A
stringy product has a high cohesiveness
number.

Rheology Methods

Various rheological techniques are
applied, namely steady state (constant
shear rate), constant stress (creep) and
dynamic measurement (oscillatory).
This allowed us to obtain 20 rheologi-
cal properties, such as high shear rate
viscosity, yield value (obtained from fit
of the flow curve), zero shear viscosity,
storage and loss modulus. For all mea-
surements the samples are placed in the
gap between a 2° cone and a 5 cm plate.
Depending on the measurement, a dif-
ferent force (shear or stress) is applied
on the sample.

Steady state (constant shear rate)
measurements: For these measurements
the rheometer is used as a constant shear
rate instrument by rotating the cone at
increasing rate. All samples are measured
at a temperature of 29°C. The flow profile
is measured from 0-500-0 s, using 180
measuring points (0.5 sec/point) and
240 measuring points (2 sec/point). The
torque on the plate is measured to give
the shear stress.

The shear stress-shear rate curves are
analyzed using several models to obtain
the yield value and the plastic viscosity.
In this study the yield stress is calculated
using the Bingham model (Equation 1).
According to this model the yield stress
(intercept) is calculated by extrapolation
to zero shear rate. This extrapolation is
carried out using four points after the
first measurement.

G=0,+tM,7 (1

where G = shear stress

O, = yield stress

M, = plastic viscosity

y = shear rate

Constant stress (creep) measure-
ments: A constant stress is applied on
the sample (at 25°C) and the deforma-
tion or strain is measured as a function
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of time for t = 120 seconds. Then, the
stress is removed and the strain (which
reverses sign) is measured for 120
seconds; this gives the recovery curve.
Before the yield stress is reached, near
complete recovery is obtained, i.e., the
strain in the recovery curve approaches
zero. When the applied stress exceeds
the yield stress, the strain continues to
increase with time (during time of ap-
plication, t = 120 sec) and only partial
recovery is obtained, i.e., the strain
reached after t = 120 sec in the recovery

curve is no longer zero. From the slope
of the strain versus time one obtains the
shear rate.

When the applied stress is divided by
shear rate, one obtains the viscosity n,
at this applied stress. A plot of viscosity
M, versus stress ¢ shows a curve with
two Newtonian regions: one in the low
shear rate regime 1 (0) (the residual or
zero shear rate viscosity) and one in the
high shear rate regime 1 (e°). These low
and high shear viscosities are separated
by a shear thinning region. The value of
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the stress at which the viscosity begins
to decrease is sometimes referred to as
the critical stress ©_.

Dynamic (oscillatory) measure-
ments: For these measurements a
sinusoidal strain with frequency ®
(rad/sec) and amplitude y,_ is applied
on the sample (at 29°C) and the stress
is simultaneously measured. For a visco-
elastic system, the stress and amplitude
oscillate with the same frequency but
out of phase. The stress and strain am-
plitudes are shifted by a time At and this
allows one to calculate the phase angle
shift 8 (8 =  At). From the amplitudes
of the stress and the strain and the phase
angle shift one can obtain the complex
modulus G*:

G*=(o,/7,) 2)

where G* = complex modulus

0, = measured stress

Y, = amplitude

The elastic modulus or storage
modulus (G") and the loss or viscous
modulus (G”) can be calculated from
the complex modulus:

G =G*cos d (3)

G”"=G*sin d (4)

Finally, the dynamic viscosity 1" can
be calculated from the loss modules:

nN=G"/o (5)

In oscillatory measurements one
initially fixes the frequency, for instance
at 1 Hz, and measures G*, G’, G” and
M as a function of strain amplitude.
The rheological parameters are virtu-
ally constant up to a critical strain 7y_.
This constant region is referred to as
the linear viscoelastic region (LVER).
Above y_ the values of G* and G’ start
to decrease whereas G” and |’ start to
increase with further increase in strain
amplitude. In the present study, the
value of " was calculated using the
values of the rheological parameters at
the end of the LVER.

Multivariate Methods

In the first part of the study we
aimed to understand the uniqueness
of the rheological properties by using
PCA. The visual output of this method
enables the identification of similarities
and differences between rheological
properties. This can play an important
role for the pre-selection of these
properties. This step is useful to increase
information density of the dataset and
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Figure 3. PLS-measured values vs. predicted values
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improve the quality of the regression
(part 2). The PCA calculation is applied
on the complete data set including all
20 rheological properties calculated
from all three rheology measurement
techniques. Loading plots are created to
show which rheological attributes con-
tained unique information and which
properties are related in order to reduce
the number of rheological attributes
and to get a better overview.

In the second part, PLS regression is
applied to correlate sensory attributes
with rheological properties. Cohesive-
ness is used as an example to illustrate
the prediction of a sensory attribute
from rheological properties. A stepwise
procedure is used to select the most sig-
nificant rheological properties that are
related with cohesiveness. These selected
properties are used for the calibration
of the model. An independent test set
validation is used in order to validate
the PLS model. This test set contained
10 new products. The cohesiveness was
predicted by the cohesiveness model
and evaluated by the sensory panel. The
comparison of these results will show
the reliability of the PLS model.

Results

Rheology: The rheological properties
that are mentioned in the experimental
part were calculated and evaluated.
The data was used as an input for the
PCA calculation. For some properties a
logarithmic transformation was applied
in order to obtain better distributions.
The loading plot (Figure 1) visualizes
the relations between the rheological
properties.

The interpretation of this plot can be
explained by two clear examples. First,
compare points A (elastic component)
and B (viscous component); both are
attributed to creep measurements. Ac-
cording to the loading plot these two
properties are inverse correlated, i.e.,
if A is increasing, B must be decreas-
ing. This can easily be explained by
rheology. The creep compliance ] is the
deformation per stress unit and consists
of a viscous component and an elastic
component (Figure 2). The more elastic
a formulation’s behavior is, the less
viscous it is, and vice versa.

The second example studies two
properties that are close to each other
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Figure 5. Shear stress versus shear rate (¢=sample A, B=sample B, A= sample C)

in the loading plot; this means that
these properties are directly correlated.
A direct correlation means that if one
property is increasing the other is also
increasing. A good example is points C
(cohesive energy, amplitude sweep) and
D (thixotropy index, rotation measure-
ment) in Figure 1. These rheological
properties contain similar information
(for the current data set) but are results
of different measurement techniques
and independent calculations. Surpris-
ingly, from a rheological point of view
this correlation is unexpected, but might
be a good learning point for the proper-
ties of the samples. Obviously, time can
be saved by not measuring redundant
rheological properties.

Regression: The stepwise regression
shows that the dynamic viscosity and
yield stress (points E and E, respectively,
in Figure 1) are the most suitable to
apply for the cohesiveness model. These

properties are used to calculate the PLS
model. The correlation coefficient of
this model is 0.85, which is not very
high. However, the model is based on
a sensory panel evaluation, which usu-
ally contains a considerable amount
of noise. The model shows that both
rheological properties are directly cor-
related with the cohesiveness.

The selected rheological properties
are from different rheological tech-
niques. Dynamic viscosity is measured
with oscillatory measurement, whereas
yield stress is measured under steady
state conditions. According to the PCA
loading plot (Figure 1) these properties
mainly differentiate on the seconds
PC (y-axis). The yield stress contains
information about how much force is
required to move the product. More
details about the physical interpretation
are written in the discussion. The inde-
pendent test set validation of the PLS
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model shows that most of the products
were predicted with the same accuracy
as the calibration (Figure 3).

Discussion

Colloid models can be used to
describe the relation between rheology
and emulsion structure. As a first step,
we chose three samples A, B, and C that
are characterized by a wide range in
rheological properties. As an illustration,
Figure 4 shows the variation of dynamic
viscosity N’ with strain amplitude. Fig-
ure 5 shows the shear stress-shear rate
curves for these samples. From this
curve, yield value 6, was obtained by
extrapolation to zero shear rate. The
dynamic viscosity (Figure 4) of these
samples is 69.2, 2.6 and 0.1, and the
Yield stress is 178, 74 and 3.4 Pa, for A,
B and C, respectively. It can be seen that
the reduction in viscosity from samples
A to C is much greater than the reduc-
tion in the yield stress.

Let us now consider the composi-
tion of each sample and the possible
“colloidal” interactions present. Sample
A is a hand cream?. It is considered
an O/W emulsion that is “structured”
using liquid crystalline phases. The
latter are made from a mixture of so-
dium cetearyl sulfate (C16/C18 sulfate
anionic surfactant), cetearyl alcohol
(C16/C18 alcohol) and stearic acid
(C18 carboxylic acid). This combination
produces lamellar liquid crystalline
phases that extend into the continuous
phase producing a three-dimensional
“gel network” structure. The liquid
crystalline structure is also enhanced by
incorporation of electrolyte (Na,SO,) in
the system. The gel network is expected
to have high “cohesive” structure and
hence it should give a high yield value
(178 Pa) and high dynamic viscosity
(69 Pa.s).

Sample B is an aloe vera gel®, simply
an aqueous natural extract. The extract
is “gelled” using carbomer! that is
neutralized by triethanolamine. The
carbomer is cross-linked polyacrylic
acid, which on neutralization pro-
duces “microgel” particles. The latter
are produced by dissociation of the
COOH groups forming COO" groups,

¢ Neutrogena, Johnson & Johnson
¢ Aloe vera gel from Fruit of the Earth, Irving, Texas USA
f Carbopol 940, Noveon Inc., Cleveland, Ohio USA
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Figure 6. A model to link emulsion structure with sensory attributes via rheology

and this causes swelling by expansion
of the double layers. The microgel
particles will have a high charge and an
extended double layer. This gel structure
is expected to be less “cohesive” than
the three dimensional “gel network”
structure produced using lamellar liquid
crystalline phases. As a result, the yield
value (74 Pa) and the dynamic viscosity
(2.6 Pa.s) are lowered.

Sample Cis an in house formulation
prepared using an emulsifier/biopoly-
mer system¢ (1%) and 10% oil phase
(triethylhexanoin). The emulsifier/bio-
polymer system consists of a surfactant
mixture of steareth-100, steareth-2,
glyceryl stearate citrate and sucrose, and
a stabilizer (thickener) system consist-
ing of mannan (konjac) and xanthan
gums. The most likely mechanism of
stabilization is based on adsorption of
the emulsifier system at the oil/water
interface (with the possible adsorption
of some hydrocolloid system). The
excess emulsifier/biopolymer system
remains in bulk solution. This emulsion
produces a relatively low yield value (3.4
Pa) and low dynamic viscosity (0.1 Pa.s).
These low values are due to the low oil
volume fraction in the system and hence
droplet/droplet interaction is relatively
weak. However, the biopolymer system
can produce a weak “gel” structure and
hence a low yield stress.

Ultimately, the fundamental knowl-
edge obtained from the rheology-
sensory relationship is actually only
the first step in a process to modify
specific properties of a formulation. The
relationship between emulsion structure

¢ Arlatone V-100, Unigema

and sensory will be difficult to extract. A
correlation between rheology and sen-
sory could therefore help to obtain the
desired skin sensory properties. Figure 6
is a visualization of this concept.

The discussion above shows that
colloidal models can be used to explain
the relationship between rheology and
emulsion structure of a personal care
formulation. The next challenge will
be to obtain sensory attributes from
the combination of the sensory-rhe-
ology relationships and the colloid
models. Finally, once such a relation-
ship has been established, it should be
possible to correlate the ingredients
used and the process involved to the
ultimate sensory attributes of the
personal care products. Then, the
formulation chemist may choose the
optimum ingredients and optimum
process to achieve the required goal
of the sensory attributes.

This knowledge should therefore
facilitate the development of innova-
tive cosmetic formulations. This study,
however, has clearly shown that the
relation between rheology and sensory
can be found by the use of multivariate
techniques.

Conclusion

The first part of the study shows that
many rheological properties are highly
correlated. For some properties this is
very logical and for others it is unex-
pected. PCA might help to get a better
understanding of several rheological
properties on a specific set of samples.

Cohesivesness has been used as a
typical example for a sensory attribute.
Univariate calibration method does
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not show good correlations, but mul-
tivariate calibration methods proved to
be successful. The regression model in
this study shows that cohesiveness can
be described by yield stress and dynamic
viscosity. The validation of the model
shows that the error in the test set is
approximately the same as the error in
the calibrations model, therefore these
models are reliable. Further work is in
progress to build a direct link between
sensory and emulsion structure and
possibly to ingredients and processing
condition.

Acknowledgements: We would like to
thank Robért Smits who undertook part
of this work in the very beginning of this
project.

Reproduction of all or part of this text is strictly
prohibited.

References

Send e-mail to Vincent A.L. Wortel, c/o CT_
Author@allured.com.

1. M Meloni, 22nd IFSCC Congress, Edinburgh
2002

2. BW Barry, Sensory testing of spreadabil-
ity-investigation of rheological conditions
operative during application of topical prepa-
rations, J Pharm Sci61(3) 335-341 (1972)

3. R Brummer and S Godersky, Rheological
studies to objectify sensation occurring when
cosmetic emulsions are applied on the skin,
Colloids and Surfaces A: Physichem Eng
Aspects 1562 89-94 (1999)

4. K Carson, JEC Meullenet and DW Reischem,
Spectral stress strain analysis and partial
least squares regression to predict sensory
texture of yogurt using a compression/pen-
etration instrumental method, J Food Sci 67
1224-1228 (2002)

5. FJ Wortmann, Aussagekraftige Dimensionen,
Parfumerie und Kosmetik 80(6) (1999)

6. JW Wiechers and VAL Wortel, Making sense
of sensory data, Cosmet Toil 115(3) 37-45
(2000)

7. VAL Wortel and JW Wiechers, Skin sensory
performance of individual personal care in-
gredients and marketed personal care
products, Food Quality and Preference 11
121-127 (1999)

8. T Naes and H Martens, Multivariate Calibra-
tion, Chichester, UK: John Wiley (1989)

9. M Meilgaard, GV Civille and BT Carr, Sensory
Evaluation Techniques, London: CRC Press
(1991)

10. ThF Tadros, Correlation of viscoelastic prop-
erties of stable and flocculated suspensions
with their interparticle interaction, Advances
Colloid Interface Sci 68 97-200 (1996)

11. GT Dimitrova, ThF Tadros and PF Luckham,
Investigation of the phase behaviour of non-
ionic surfactant using microscopy, differential
scanning calorimetry and rheology, Langmuir
11 1101-1111 (1995)

12. ThF Tadros, MC Taelman and S Leonard,
Investigation of the interaction between sur-
factants and biopolymers using rheological
measurements, to be published W

Vol. 120, No. 4/April 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CurlzMT
    /EdwardianScriptITC
    /Impact
    /LucidaHandwriting-Italic
    /MonotypeSorts
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Wingdings
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.10000
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.10000
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [864.000 1296.000]
>> setpagedevice




