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ABSTRACT

EFFECT OF HIGH HYDROSTATIC PRESSURE ON LIPID
CRYSTALLINE STRUCTURES IN PALM STEARIN EMULSIONS

Sevdin, Sezen
Ph.D., Food Engineering Department, METU
Supervisor: Prof. Dr. Hami Alpas

June 2017, 191 pages

Lipid crystal structures (polymorphs) are the determinant factors for sensorial,
textural properties and the stability of the emulsions. Therefore, controlled
crystallization gains importance during the production of foods such as margarine,
confectionery, chocolate, etc. In literature, studies on the effect of high hydrostatic
pressure (HHP) on lipid crystallization have contradictory results. To inspect the
crystallization characteristics and response to the HHP treatment, palm stearin-
water emulsions were prepared with two different emulsifiers (sodium caseinate
and hydrogenated soy lecithin-xanthan gum mixture) and pressurized at 100 and
500 MPa, at 10, 20 and 40°C for 15 minutes. Particle size analysis, differential
scanning calorimetry (DSC), transverse relaxation time (T2) and self-diffusion
coefficient (SDC) determinations and small angle x-ray scattering (SAXS) were
conducted to investigate the changes induced by HHP treatment. According to the

results, HHP did not affect droplet size of sodium caseinate (SC) emulsions so it



was observed that mean particle size was affected only by the types of emulsifiers
and storage time. In addition, sodium caseinate has the capability to produce smaller
particles than 80H XG emulsion. HHP has no significant effect on the melting
temperature of polymorphs; but pressure and storage time have significant effect on
crystal polymorphs’ content in emulsions. HHP induced formation of more stable
B crystals in both sodium caseinate and soy lecithin-xanthan gum mixture
emulsions. In addition to this, HHP also induced solid wall formation in soy
lecithin-xanthan gum mixture emulsions. Changes in a and B contents with respect
to pressure and storage time were detected by T> and SDC measurements. These
findings suggested that the beginning of emulsions’ destabilization can be detected
by NMR measurements. The pressure effect may easily be seen in the ab-initio
structural model with SAXS measurements. The pressure application caused a
structural change from spherical form to cylindrical form in sodium caseinate (SC)
solution and SC emulsion droplets reached more compact spherical like

aggregations.

Keywords: Lipid Crystallization, Polymorphs, High Hydrostatic Pressure,

Transverse Relaxation Time, Self-Diffusion Coefficient
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YUKSEK HIDROSTATIK BASINCIN PALM STEARIN
EMULSIYONLARININDAKI YAGLARIN KRISTALIN YAPILARI
UZERINE ETKISI

Sevdin, Sezen
Doktora, Gida Miihendisligi Béliimii, ODTU
Tez Yoneticisi: Prof. Dr. Hami Alpas

Haziran 2017, 191 sayfa

Yaglarin kristalin yapilar1  (polimorflar), emiilsiyonlarin duyusal, yapisal
ozelliklerini ve stabilitelerini belirleyen 6nemli faktorlerdendir. Bu sebeple,
kontrollii kristalizasyon, margarin, sekerleme ve cikolata gibi {irlinlerin iiretiminde
onem kazanmistir. Literatiirde, yliksek hidrostatik basmncin (YHB) yag
kristalizasyonu tizerindeki etkileri ile ilgili celiskili bilgiler bulunmaktadir.
Kristalizasyon o6zelliklerini ve YHB uygulamasindan kaynaklanan etkileri
incelemek amaciyla, palm stearin-su emiilsiyonlar: iki farkli emiilgator (sodyum
kazeinat ve soya lesitini-ksantan gam karisimi) kullanilarak iiretilmis; 100 ve 500
MPa basingta, 10, 20 ve 40°C sicaklikta 15 dakika basinglanmistir. YHB
uygulamasindan kaynaklanan degisimleri belirlemek i¢in, pargacik boyutu analizi,

diferansiyel taramali kalorimetre, transvers relaksasyon zamani ve 6z-yayilma

vii



katsayis1 olgtimleri ve kiigiik agili x-151n1 sagilma analizleri yapilmistir. Sonuglara
gore, YHB, sodyum kazeinat emiilsiyonlarinin pargacik boyutunda degisiklige
sebep olmamis, pargcacik boyutunun emiilgator ¢esidi ve depolama siiresine gore
degistigi gozlemlenmistir. Buna ek olarak, sodyum kazeinatin soya lesitini-ksantan
gam karisimindan daha kiigiik parcaciklar olusturabildigi goriilmiistiir. YHB’ 1n
polimorflarin erime sicakligina énemli bir etkisi olmamasina ragmen, basing ve
depolama siiresinin emiilsiyon igerisindeki kristal polimorflarin igerigine belirgin
etkileri vardir. YHB uygulamasi sodyum kazeinat ve soya lesitini-ksantan gam
karisim1 emiilsiyonlarinda B kristal yap1 olusumunu arttirmistir. Bunlara ek olarak,
YHB soya lesitini-ksantan gam karisimi emiilsiyonlarinda kat1 duvar olusumunu
arttirmistir. o ve B kristal miktarindaki basinca ve depolama siiresine gore olusan
artiglar ise transvers relaksasyon zamani ve 6z-yayillma katsayisi olgtimleri ile
belirlenebilmektedir. Bu bulgular ise emiilsiyonlarin i¢erisinde olusmasi muhtemel
destabilizasyonun tespit edilmesinde niikleer manyetik rezonasyonun (NMR)
kullanilabilecegini 6ngormektedir. Basing uygulamasinin etkileri is kii¢iik ag¢ilt x-
15101 sacilma (SAXS) analizi sonuglartyla olusturulan ab-initio yapisal modelinde
kolaylikla goriilebilmektedir. SAXS analizi sonuglari, emiilsiyon i¢indeki yapilarin

kiiresel yapidan silindirik yapiya dogru kaydiginmi gostermektedir.

Anahtar Kelimeler: Yag Kristallesmesi, Polimorflar, Yiiksek Hidrostatik Basing,
Transvers Relaksasyon Zamani ve Oz-Yayilma Katsayisi, Kiigiik A¢ili X-Isini

Sacilma Analizleri
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CHAPTER 1

INTRODUCTION

1.1. Emulsion

Emulsion is a system that consists of two immiscible fluids. It is formed by two
phases; continuous and dispersed phase. Continuous phase is used for surrounding
liquid whereas the dispersed phase forms the droplets. In food systems, emulsions
are generally formed by water and oil mixtures and they are classified according to
the type of the continuous and dispersed phases. If dispersed phase is oil and
continuous phase is water, this type of emulsion is called as oil-in-water. Major oil-
in-water emulsion products are mayonnaise, milk, dressings and soup. In some
cases, food emulsions contain either dispersed or continuous phase in semi-solid or
solid form, like as butter or dairy desserts. Crystallization or gelation can be used

to produce emulsions containing solid particles (Darling & Birkett, 1987).

Emulsions are produced by systems called as homogenizers which apply high shear
stress to the mixtures and this force causes the production of small droplets.
However, emulsions are thermodynamically unstable systems by their nature since
oil droplets tend to merge due to density difference and this causes phase separation

in an emulsion. This phase separation may cause some quality defects (like



appearance and texture) on food products. Therefore, some natural or synthetic
materials are used during production to provide stability to the emulsions and in
food science and industry these substances are named as emulsifiers (McClements,

2005).
1.1.1. Emulsion Production

The process of mixing two immiscible fluids and producing an emulsion is a
homogenization process. Equipment used for this purpose is called as homogenizer.
Colloidal mills, high speed stirrers and high pressure homogenizers are some

examples of homogenizers.

Colloidal mill is a continuous system as shown in Figure 1, schematically. It
contains a rotor and stator part to process the emulsions. Stator is a stationary disk
but rotor is a rotating disk with high speed (McClements, 2005). There is a gap
between stator and rotor and the oil-water mixture is fed into this gap. Due to the
shear stress applied by the rotating rotor, coarse emulsion droplets are broken down
into smaller ones. Rotation speed of rotor can be adjusted according to the desired
droplet size and if rotation speed is increased, then the droplet size decreases. In
addition, process time (or residence time) also affects droplet size. However,
colloidal mill is more suitable for intermediate or high viscosity liquids and much
more effective in decreasing the droplet size when feed is a pre-emulsion not the
oil-water mixture. In addition, a cooling system is required to control the system
temperature because rotation creates an increase in temperature which may

decrease the emulsion stability (Hasenhuettl & Hartel, 2008).
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Figure 1. Colloidal mill (McClements, 2005)

High speed stirrer is a batch emulsification equipment as shown in Figure 2. It has
a vessel and agitator part. Oil-water mixture is placed into a vessel and stirrer rotates
at a high speed (100 to 1000 rpm). This velocity field creates turbulence, disrupt
the oil-water interface and three-dimensional shear stress is exerted upon droplets.
As a result, smaller droplets and heat are generated. To control the temperature,
especially during long processes a cooling system should be integrated to the
system (Hasenhuettl & Hartel, 2008). This system is generally appropriate for low
viscosity fluids. Droplet size can be adjustable by using baffles, different rotation

speeds and different mixing head (McClements, 2005).
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Figure 2. Schematic design of high speed stirrer (McClements, 2005)

High pressure homogenizer (microfluidizer) is one of the continuous processing
equipments used for emulsion production and shown schematically in Figure 3.
Microfluidizer includes fluid inlet, outlet, chamber and pump (McClements, 2005).
This system can be used not only for emulsion production but also to achieve
smaller droplet size from a coarser pre-emulsion. In this system, mixtures or
emulsions are pumped through the chamber with a high velocity and forced to pass
from micro-gaps. High shear stresses and cavitation forces are generated and these
forces cause breaking droplets into smaller ones (Hasenhuettl & Hartel, 2008).
Microfluidizer can produce pressure between 10 and 275 MPa. Droplet sizes can

be changed by varying pressures and number of pass (McClements, 2005).
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Figure 3. Schematic view of microfluidizer (McClements, 2005)

There are still numerous of emulsification methods in use (Tan et al., 2016).
Ultrasonic and high pressure valve homogenizer (HPvH) are some of the most
common equipments for this purpose (Trujillo-Cayado, Santos, Alfaro, Calero, &
Muiioz, 2016). Ultrasonic and HPvH can be classified as the methods in high-
energy approach. High energy approach refers the high energy input to produce the
dispersion (Tan et al., 2016). Ultrasonic homogenizer uses sound waves to produce
vibrations due to alternating high to low-pressure cycles in the system. During low
pressure applications, vacuum bubbles are formed and when these are reached a
maximum size, they burst and create the cavitation force. Droplets are broken down
into smaller particles due to this cavitation force (“Ultrasonic Homogenizing And
Blending,” n.d.). HPvH has a very similar mechanism to microfluidizer and the only
difference between these two equipments is the geometry of nozzle where
homogenization occurs. Homogenization occur in micro-channels in microfluidizer

as stated before, however, in HPvH, the nozzle is a valve. When a high pressure



applied to the system, inlet materials moves through the valve to the low-pressure
and due to mechanical shear stress produced in valve, a decrease in particle size can

be achieved (Tan et al., 2016; Trujillo-Cayado et al., 2016).
1.1.2. Emulsion Stability

Emulsion stability refers to the ability of an emulsion to resist changes in its
properties for a period of time. Therefore, more stable emulsions maintain its
properties unchanged for a longer period. In general, stability may refer two

concepts; thermodynamic and kinetic stability.

Oil and water have different densities and this creates an interfacial tension between
these two liquids. Emulsion formation increases the interfacial area between oil and
water due to smaller droplet size, so interface free energy increases accordingly.
Then, increasing free energy causes a thermodynamically unstable system
(McClements, 2005). All food emulsions are thermodynamically unstable. This
means that emulsion form is not a favorable state and this system will tend to
demulsify after a certain period of time. Thermodynamically unstable emulsions
should overcome an activation energy to reach a thermodynamically favorable
form. This activation energy determines the kinetic stability of the emulsions. If an
emulsion is kinetically stable, activation energy is higher. This means that even if
an emulsion is thermodynamically unstable, it may remain kinetically stable for a
long period which is called as a metastable form. Therefore, kinetic stability, which
gives sensorial and textural properties to emulsions, have higher importance in food

emulsions (McClements, 2005).

Emulsion destabilization may occur through five mechanisms, namely,
gravitational separation, flocculation, coalescence, Oswald ripening and phase

inversion. All mechanisms are shown in Figure 4, schematically.
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Figure 4. Schematic view of microfluidizer (McClements, 2005)

Gravitational separation (creaming or sedimentation) is caused by density
differences between continuous and the dispersed phases. If dispersed phase’s
density is lower than the continuous phase, gravitational movement of droplets
occurs towards upward. Denser droplet layer is formed at the top of an emulsion
and this is called creaming. Also, if dispersed phase’s density is higher than the
continuous phase, gravitational movement of droplets occurs towards downward so
denser droplet layer is formed at the bottom of the emulsion and this is called
sedimentation. However, gravitational sedimentation does not cause the emulsion
instability by itself but it may increase the rate of other destability mechanisms

(Tadros, 2009).

Flocculation is a process in that droplets come together and form a three-

dimensional structure but in this structure droplets maintain their integrity. Van der



Waals attraction between droplets causes this destability and also, this may
accelerate gravitational separation. Flocculation cause significant changes in
emulsion’s physicochemical and sensorial properties, like texture, viscosity, shelf
life and appearance. However, this may be a desirable mechanism in some food
product with a certain texture but it should be with a controllable rate (McClements,

2005).

Coalescence is similar with flocculation in a manner of droplet gathering but it is
different because in this case droplets merge with each other, not maintain their
integrity. The structure formed with coalescence is a more thermodynamically
stable system than an emulsion due to decrease in contact area between continuous
and dispersed phase. Coalescence causes an increase in rate of gravitational

separation due to larger size of droplets (McClements, 2005; Ritzoulis, 2013).

In Oswald ripening, smaller droplets’ content is transported into larger droplets
through the continuous phase so that large droplets expand while smaller ones are
shrinking. Driving force for this process is solubility difference between the small
and large droplets (Tadros, 2009). Generally, this mechanism gains importance in
oil-in-water emulsions which contain water-soluble lipid such as flavor, or alcohol

containing continuous phase, like cream liqueur (McClements, 2005).

An oil-in-water emulsion can be transformed into a water-in-oil emulsion through
phase inversion. This is a complex mechanism that involves gravitational
separation, flocculation and coalescence. Phase inversion is a desired mechanism
in margarine and butter production but in other food systems, it has deleterious

effects on stability, texture and other sensorial properties (McClements, 2005).



1.1.3. Emulsions in Food Industry

Numerous naturally and processed foods are partially or fully in emulsion form.
Milk is the best example for a naturally-found, oil-in-water emulsion. In addition,
there are also plenty of processed food emulsions such as mayonnaise, ice cream,
salad dressings, soups and sauces as oil-in-water, butter and margarine as water-in-
oil type. High product diversity brings the different requirements for
physicochemical, textural and sensorial characteristics (McClements, 2005). These
different requirements necessitate different ingredients. Ingredients of a model
emulsion system are water, oil and an emulsifier. However, especially oil and
emulsifier types have very unique characteristics. Oils used in food industry can
have various characteristics such as chemical composition, melting and
crystallization temperature, hydrophobicity, etc. Also, emulsifiers present several
emulsifying properties such as, emulsifying power, emulsification mechanism, and
stability; consequently these are used accordingly to the desired characteristics of
the final product. By adjusting the emulsifier and oil type and percent, foods can
have numerous characteristics and for the very reason, emulsions are widely used

in the food industry.
1.2.  Lipid Crystallization

The process of solid to liquid phase transition of lipid is called as crystallization and
it is an exothermic process. Crystallization has mainly formed by three steps;
supercooling, nucleation and crystal growth. Lipids in liquid state can maintain their
liquid form at a certain temperature which is below their melting point for a period
of time prior to crystal formation. Temperature difference between melting and
freezing can be defined as the supercooling degree and this difference depends on
the chemical composition of lipid, purity of the lipids and the processing conditions

(rate of cooling, tempering, mechanical friction, pressure, etc.).



In nucleation steps, small triglycerides aggregates are formed. These aggregates are
called as embryos. Embryos continue to expand up to a critical point. When the heat
of crystallization for this cluster exceed the energy required for surface area
increment, this is called as critical point and a stable nucleus is formed at that point.
During crystal growth, triglyceride molecules diffuse through the boundary layer
and attached to the crystal lattice (Wright & Marangoni, 2006). Nucleation can
occur via two different mechanism; heterogeneous and homogeneous nucleation.
In heterogeneous nucleation, impurities can act as nuclei and crystal structure grows
around it. The energy requirement for the inception of this mechanism is low so
heterogeneous nucleation is more common, easier and faster way of nucleation.
Also, walls of a container can act as impurity and could trigger the heterogeneous
nucleation. However, homogeneous nucleation depends on random nuclei
formation. Reaching the required critical energy point, i.e. activation energy, Ea, is
slower and less common so homogeneous nucleation is not the dominant way of
nucleation. However, in emulsions the story is different and homogeneous
nucleation become the common mechanism. In the production of emulsion,
dispersed phase is spread into the continuous phase and small droplets (nano or
macro-size particles) are formed. Impurities in the system can entrapped into these

droplets which lowers the chance of heterogeneous nucleation.

According to Kaneko et al. (1999), emulsifier type is effective on lipid
crystallization properties such as crystallization rate. Heterogeneous nucleation can
occur from two different pathways. Volume heterogeneous nucleation develops
through the catalytic action of impurities in which impurities set ground for
nucleation so crystallization may start easily and occur rapidly. However, this type
of crystallization is rare. The other pathway is surface heterogeneous nucleation
which can be altered by emulsifier type. Emulsifiers can accelerate the nucleation

in emulsion by lowering the surface tension at the oil-water interfaces, by increasing
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van der Waals interaction (between hydrophobic parts of emulsifier and oil) and by

crystallizing prior to oil phase (Kaneko et al., 1999)

Each crystal can expand in different type. Crystal growth type may vary according
to internal (triglyceride content, structure, molecular interactions, etc.) and external
(temperature-time application and mechanical mixing, etc.) factors. These different
structures are called as polymorph (McClements, 2005). The most abundant three
polymorphic structure are a, B’ and B. Lipids generally crystallize in a, B’ forms
and then turns into  form which is the most stable form (Han et al., 2014). Each
polymorphic structure has unique crystallization and melting temperatures. These
characteristics may play an important role on the structure, taste and quality of foods
(Pérez, Li, & Guo, 2008). For example, in cocoa oil, fat can crystallize as 6 different
polymorphic structures and each have own melting temperatures. In chocolate
industry, polymorphism is very important to maintain the mouth-feel desired by
consumers (Roth, 2010). Although, there are several types of polymorphs in cocoa
oil, only crystal form V can be acceptable because when chocolate contains only
crystal form V have “noble surface sheen, crisp hardness and pleasant melting

sensation in the mouth” (Roth, 2010).

There are several factors which effect the polymorphism. For instance, rate of
cooling is very important for the characteristics of crystal nuclei. Rapid cooling
increase the energy input to the system and this high input cause high nucleation
rate which prevent the ordering of molecules as a well-arranged structures so loose
molecular organization is observed. Furthermore, crystallization generally occurs
between the molecules with similar structures chain length, saturation degree,
double bond content, etc. Therefore, lipids contain mixed triglycerides crystallize
slowly and tends to produce less stable structures (Pérez et al., 2008). Therefore,

controlling crystallization is very important for food industry.
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1.3. High Hydrostatic Pressure (HHP)

Today, thermal treatments are applied to many of the foods in order to inactivate
microorganisms and enzymes as conventional processes. However, heat may
destroy thermolabile nutritional components of foods and affects physical
characteristics such as texture, color, and flavor. In addition, several undesirable
compounds can be produced in food materials as byproducts of the reactions take

place during thermal processing.

In recent years, consumers’ demands for convenient, fresh-like, safe, high quality
food products have grown. These demands have encouraged the researchers to use
minimal thermal methods. Non-thermal technologies represent a more promising
alternative to traditional thermal processing. Methods such as high hydrostatic
pressure, super critical carbon dioxide, ultrasound, pulsed electric fields destroy
microorganisms and enzymes with no substantial increases in product temperature.
Therefore, the sensory characteristics and nutritional value of foods are not
degraded to a significant extent. The resulting products have higher quality

(Fellows, 2000).

One “new” or emerging technology receiving a great deal of attention is high
hydrostatic pressure (HHP). This technology was originally used in the production
of ceramics, steels and super-alloys. In the past two decades, high pressure
technology was expanded to include the food industry (Rahman, 2007). The first
persuasive experiments with microorganisms were reported at the end of the 19™
century by Hite (1899). Protein structure in egg-white could be altered by high
pressures by Bridgman (1914). Much later, Macfarlane (1973) reported the
potential of high pressure technology in pressure-tenderization of meat (Gould,
2012). The first high-pressure product, a high-acid jam, was introduced to the
Japanese retail market in April 1990. In 1991, yogurts, fruit jellies, salad dressings,
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and fruit sauces were also introduced, and two Japanese fruit juice processers
installed semi-continuous high-pressure equipment for citrus juice bulk processing
(Rahman, 2007). In 2015, there were 350 HHP equipments in use to produce food
products and the market capacity of HHP equipment and technical service market
was 330 million dollars. In addition, Food produced by HHP has a market value of
9.8 billion dollars and it is expected to reach to 12 billion dollars in 2018 (Salgarkar,
2015).

HHP processing at refrigeration, ambient and moderate temperature which results
in less denaturation of thermo-labile compounds, can be used inactivation of
pathogenic and spoilage bacteria (Barba, Esteve, & Frigola, 2012). Pressure is an
important thermodynamic parameter which has a significant impact on living
organisms and biomolecules. Although energy produced by HHP treatment during
pressurization is enough to influence microorganisms, it is relatively lower than the
energy required for breaking down the strong chemical bonds. Therefore, only weak
chemical bonds can be affected by HHP application and sensitive structure such as
vitamins, antioxidants and flavor compounds can remain unmodified (Aertsen,

Meersman, Hendrickx, Vogel, & Michiels, 2009; Balci & Wilbey, 1999).

According to the working principles of HHP which is given the next part in detail,
HHP can cause a decrease in volume and these volume changes may lead to

different structures in food compounds (Misra et al., 2017).
1.3.1. Working Principles

A high-pressure system consists of a high-pressure vessel and its closure, pressure-
generation system, temperature-control device, and material-handling system. Once
loaded and closed, the vessel is filled with a pressure-transmitting medium. Air is

removed from the vessel by means of a low-pressure fast-fill-and-drain pump, in
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combination with an automatic deaeration valve, and high hydrostatic pressure is

then generated (Rahman, 2007).
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Control

Figure S. Schematic view of HHP processing

High pressure processing is an isostatic pressure treatment batch wise in the
pressure range 200-1000 MPa (Figure 5). Effect of high pressure can be explained
by two principles. First, and according to the Le Chatelier’s principle, any reaction,
conformational change or phase transition is accompanied by a decrease in volume
will be favored at high pressures, while reactions involving an increase in volume
will be inhibited. Second, pressure is instantaneously and uniformly transmitted
independent of the size and the geometry of the food. This is known as isostatic
pressure. The food product is compressed by uniform pressure from every direction

and then returns to its original shape when the pressure is released (Rahman, 2007).
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1.3.2. Effect of HHP on Lipid Crystallization

In recent years, studies on lipids are focused on emulsion production and use of
emulsions in food and drug industries. These emulsions have different uses in food
and drug industries but the common point is that emulsions should maintain their
structures after production (Jores et al., 2004; Jores, Mehnert, & Mider, 2003;
Saupe & Rades, 2006). Emulsions are used to increase some textural and sensorial
properties of food materials or to maintain existing properties. Also, emulsion
properties change according to production techniques so scientific studies focus on
these techniques. Although high hydrostatic pressure application started to be used
by food producers, studies about hydrostatic pressure use for emulsion production
are not sufficient in literature. In some earlier studies, it was stated that HHP cannot
provide a significant decrease in particle size. Therefore, studies about effect of
hydrostatic pressure on emulsions were interrupted. However, limited number of
studies showed that hydrostatic pressure, applied after emulsion preparation step,
can play an active role on production of more stable emulsions (Bigikocin, Mert, &

Alpas, 2011; Khan, Mu, Zhang, & Arogundade, 2014)

In literature, it is stated that pressure could have a significant effect on lipid
crystallization behavior (Bliimer & Méder, 2005; Ferstl, Eder, RuB}, & Wierschem,
2011; Rostocki et al., 2011; Han et al., 2014). Generally, pressure treatment reduce
induction time and increases the rate of crystal growth (Sato, Bayés-Garcia, Calvet,
Cuevas-Diarte, & Ueno, 2013). However, pressure treatment is addressed to two
different applications; micro-fluidization and high hydrostatic pressure. Han et al.
(2014) indicated that micro-fluidization and hydrostatic pressure are two different
applications because micro-fluidization uses relatively low pressure and combines
pressure with the cavitation forces while hydrostatic pressure uses very high static

pressures.
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Oh and Swanson (2006) found that HHP treatments up to 600 MPa have no
significant effect (p > 0.05) on crystallization rate but have little effect on the
polymorphic transition of cocoa oil emulsions. However, studies about HHP effect
on droplet crystallization are limited in number and conflicting observations were
reported in literature to the best of our knowledge. Two other studies dealt with
HHP and droplet crystallization stated that (at 200-750 MPa and 4 to 48 °C for 5-
30 min.) can induce, accelerate, control crystallization process and may produce
more stable crystal structure (Blimer & Méder, 2005; Ferstl et al., 2011). High
pressure was applied (at 10-150 MPa and -30 to 15 °C for 1-60 min) in a continuous
production line on emulsion system to solve some problems related with food
products (such as, detrimental effects of post-crystallization and long production
time, etc.) and this study was presented as innovative technology in patent
n0.US6495189 (Nosho, Ueshima, Ikehara, Hashimoto, & Kato, 1999). Lipids are
pressure sensitive materials since the weak Van der Waals interactions between
lipid molecules are easily overcome by pressure treatments (Zulkurnain, Maleky,
& Balasubramaniam, 2016). High pressure values (300-600 MPa) cause a
substantial reduction in lipid volume (17-30%) (Rostocki et al., 2013). HHP is more
effective on saturated fatty acids than unsaturated ones, consequently leading to
faster crystallization of saturated fatty acids. Application of HHP decreases the
specific surface energy needed for crystallization thus, induces crystal nucleation
in an energy efficient way and affects the polymorphism of such crystals

(Zulkurnain et al., 2016).
1.4. Palm Stearin

Palm oil is a vegetable oil which is produced from three species of palm trees
(Elaeis species). The most widely cultivated species is Elaeis guineensis and
produced palm oil from this species known as African palm oil. Palm is the most

produced edible oil in worldwide with 62.6 million tons in 2015 production (‘“Palm
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oil production” 2016). In West Africa, it is domestically used as cooking oil but it
is used as an ingredient in production of margarine, salad dressing, confectionery

and vegetable-based ice cream production in all over of the world.

Palm oil can be fractioned to different edible oil types by using different processing
conditions. Dry fractionation of palm oil provides the production of two fractions
which are mainly, palm stearin and palm olein (Kellens, Gibon, Hendrix, & De
Greyt, 2007). Palm stearin is solid part of palm oil. It is solid at room temperature
and its melting temperature may vary between 45°C to 60°C according to
fractionation conditions. Common uses of palm stearin are confectionary and
margarine production. Due to high melting point, palm stearin eases the margarine
production and does not require hydrogenation process. Palm olein is closer to
liquid at room temperature and it is generally used as cooking oil after processed
for market. Unsaturated fatty acid content relatively higher than the palm oil, but
carotenoid content may decrease during processing. However, it is a very stable oil
at high temperature. Also, palm olein is used in margarine and shortening

production (Mandal & Jayanthi, 2011).
1.5. Characterization of Emulsions
1.5.1. Particle Size

Particle size analysis in emulsions can be conducted with the help of the laser
diffraction technique. It is an optical system and generally used to determine the
particle size between 0.01-2000 pm. The theory behind the instrument is when a
laser beam collides with a particle, it is diffracted with a specific angle which is

inversely proportional to the size of the particle.

There are some important concepts to interpret the results; mean, mode, median and

distribution width. Mean is a concept which is very similar to average. However,
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mean can be determined based on number, surface and volume distributions.

Related equations are given below.

_ ¥tply
21Dy

D[p,q] General Equation

Di: Diameter of i particle
¥: summation of Dif or D;4

nn4,,. nn3.,.
D[4,3] = 2% and  p[3,2] = Zilk

nnp3,,. nnp2,.
1 D v 1 Divi

D[4,3]: Volume weighted mean diameter
D[3.,2]: Surface mean or Sauter mean diameter.

D[4,3] is volume weighted mean diameter and it is very sensitive to volume
changes. Therefore, D[4,3] is a good way to monitor the aggregation formation
(Horiba Scientific, n.d.). Mode is the peak frequency of the distribution. Median is
the point that the number of particles smaller and larger than the median point is
equal each other, i.e., median is the central point of distribution graph. For a
symmetric particle size distribution mean, mode and median are equal to each other

as shown in the Figure 6.
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Figure 6. A symmetrical particle size distribution

Distribution width shows the size range of particle and generally span value is used

for the explanation of the sample. The determining equation of span is given below.

_ Dyo9 — Dyoa
Span = ————
DvO.S

Dvo.9: 90% of particle in the sample smaller at this size
Dyo.5: 50% of particle in the sample smaller at this size
Dyo.1: 10% of particle in the sample smaller at this size
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1.5.2. Differential Scanning Calorimetry (DSC)

Differential scanning calorimetry (DSC) is a technique for thermal analysis based
on heat capacity (Cp) (PerkinElmer Inc., n.d.). There are two types of DSC, namely,
power-compensated and heat flux DSC. Both equipments contain two heaters
which provide required energy. However, power-compensated DSC systems
stabilize the heat flux given to the system and determine the temperature of sample
with respect to a reference (Tanaka, 1992). Heat flux DSC lays out the
determination of heat requirement to increase the sample temperature with respect
to reference material. Heat requirement of the system can change due to
endothermic or exothermic reactions. Sample is placed in generally, aluminum
DSC pan and hermetically sealed before analysis. Also, an empty DSC pan is used
as reference pan (Peyronel & Marangoni, 2014). DSC can be used for determination
of glass transition (Tg), melting (Tm) and crystallization (Tc) temperature, heat
capacity and enthalpy of transitions. Collected data are expressed in temperature

versus heat flow graph which is called as thermogram (Figure 7).
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Figure 7. An example thermogram

Peak temperature (Tpeak) 1S the maximum or minimum point where the thermal
event occur. Onset temperature (Tonset) 1s the point that the tangent and baseline are
intercept. Onset temperature and slope of tangents give information about the
sample purity. Since Tonset should remain unchanged due to different conditions of
thermal cycle, it is used to compare different thermal analysis of a sample. Enthalpy
requirement for a thermal event can be determined by the area under the curve

(Schawe, Riese, Widmann, Schubnell, & Jérimann, 2000).
1.5.3. Low Resolution Nuclear Magnetic Resonance (NMR) Relaxometry

Nuclear Magnetic Resonance (NMR) relaxometry is a non-destructive method to
analyze the interior composition of complex food systems (Greiff et al., 2014).
NMR may provide characterization of such systems via proton relaxation

experiments. The basis of the system is as follows; a sample is placed between
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magnets, which create external magnetic field (Bo). The protons of the sample align
themselves according to the external magnetic field as parallel. When protons are
parallel to the Bo, net magnetization is zero and no signal can be detected by the
instrument. Then, a radio frequency (RF) pulse is introduced to disturb the system
temporarily and signal is produced. After RF pulse removed, protons start to recover
their previous states and the relaxation signal is recorded and interpreted (Kirtil &
Oztop, 2016). Transverse relaxation time (T2) which is also known as spin-spin
relaxation time, is the time constant for the magnetization decays and reach the
equilibrium level. A representative graph of T> signal is given in Figure 8. This

relaxation data gives information about the interaction between protons.
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Figure 8. A representative T> curve

Since each organic material possesses a distinct relaxation time characteristic, T»

measurement is a good way to reveal the internal compositions of foods, in this case
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emulsions (Barrabino, Kelesoglu, Serland, Simon, & Sj6blom, 2014; Zhang et al.,
2016). In literature, there are some studies investigating the effects of HHP on
crystal polymorphism by NMR measurements but they mainly focused on NMR
spectroscopy experiments, free induction decay (FID) of sole crystals and again
transverse relaxation of sole crystal components (Bouteille et al., 2013; Mazzanti,
Mudge, & Anom, 2008; Nadakatti, 1999; Van Duynhoven, Dubourg, Goudappel,
& Roijers, 2002). However, NMR relaxometry can also provide transverse
relaxation profile for the whole emulsion system and supply information on the
overall crystallization process and mechanisms taking place within the emulsion
system. Degree of water-surrounding network interactions within a system can be
characterized by T> measurements. In addition to relaxation profile analysis, self-
diffusion coefficients (SDC) can be used for characterizing the mobility of water
molecules within food materials (Salami, Rondeau-Mouro, van Duynhoven, &

Mariette, 2013).
1.5.4. Small and Wide Angle X-Ray Scattering

Small angle X-ray scattering (SAXS) is an important method to monitor and
analyze the structural information of molecules with a size ranging from few kDa
to hundreds of kDa (Grishaev, 2012; A. G. Kikhney & Svergun, 2015). In this
technique, X-ray beams are scattered by sample’s particles and according to the
intensity and pattern of scattered radiation, one can come up with the information
about the size, shape and distribution of particles in sample (Boldon, Laliberte, &
Liu, 2015).
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Figure 9. SAXS profile and specific regions related with the information can be
obtained (Boldon et al., 2015)

There are three different regions in SAXS profile. In Guinier region, natural
logarithm of intensity vector, In(I(q), is correlated with square of scattering angle,
q°, and information about radius of gyration, R, and intensity at zero scattering
angle, I(0), can be extracted (Kikhney, 2012). Radius of gyration is the overall size
of a particle, i.e., mass weighted overall radius. Intensity at zero scattering angle is
inversely proportional to the number of scattering particle per unit volume, N, and
square of the particle volume (ApV?) as given below. I(0) can be used for the

estimation of molecular mass of a sample (Mylonas & Svergun, 2007).

1(0) = N(ApV'?)
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In Fourier region, indirect Fourier transformation is applied to determine the pair
distribution function and obtain form factor, P(q), which is related with the particle

shape (Jacques & Trewhella, 2010; Boldon et al., 2015).

In Porod region, the Porod invariant, Q, are determined to obtain the information
about the particle surface such as, surface to volume ratio, complex particle

structure, etc. (Boldon et al., 2015).
1.6. Objectives of The Study

In this study, it is aimed;

e to observe the changes in crystallization properties of polymorphic materials
after HHP,

e to observe the stability of emulsions during storage,

e to correlate self-diffusion coefficient and T relaxation time of samples,

e to observe changes in crystal structure due to HHP with SAXS analysis.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Chemicals

Palm stearin (fully hydrogenated palm stearin with a min 55°C melting point) was
donated by Cargill Turkey (Bursa, Turkey). Casein sodium salt (C8654) was
purchased from Sigma-Aldrich (St. Louis, Missouri, USA). High boiling point soy
lecithin Phospholipon 80H were donated by Lipoid GmbH (Ludwigshafen,

Germany)
2.2.  Experimental Design

Three different emulsion samples were prepared with two different emulsifiers,
sodium caseinate, and high melting point soy lecithin-xanthan gum mixture. HHP
treatment conditions were selected according to the results of preliminary works.
As a sample, SC emulsion were prepared and DSC analysis was conducted to
determine roughly the melting and crystallization temperature (Sevdin, Yiicel, &
Alpas, 2017). 40°C was selected as the point there is no crystal formation depending

on the temperature, 20°C was selected as the point that crystal formation depending
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on the temperature was completed and 10°C was selected as a lower temperature
point for comparison with the other temperature levels. Pressure levels were
selected to be one low and one high level as 100 and 500 MPa. Pressure application
time was constant and relatively longer than general HHP applications to remove
the effect of time on the crystal formation. Emulsion samples were pressurized at
two pressure level (100 and 500 MPa), three temperature (10, 20 and 40°C) for 15

minutes. Applied independent variables are given at Table 1.

Table 1. Independent variables of the study

Independent Variables
Emulsifier Type Pressure (MPa)  Temperature (°C) Storage (day)
1
10
Sodium Caseinate 100 20 8
Soy Lecithin & Xanthan Gum 500 40 14

28

After production of emulsion samples, 1% day analysis were conducted and samples
stored for 28 days at refrigeration temperature. At the 8", 14" and 28" days of
storage all experiments were repeated. DSC, particle size and NMR measurements
were conducted for all samples. SAXS analysis were conducted at Hacettepe
University, Physics Engineering Department (Ankara, Turkey) within the 1% week

of storage.
2.3. Emulsion Production

Emulsions were prepared by using a hot homogenization technique (Yucel, Elias,

& Coupland, 2013). Phospholipon 80H and xanthan gum mixture solution (3 g/ml
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80H and 0.1 g/ml XG) were prepared separately in double distilled water by stirring
at 80 °C for 1 hour to hydrate and disperse in water. Sodium caseinate emulsifier
solution (2 g/ml) was prepared in double distilled water by overnight stirring at
room temperature and heating up to 80°C to ensure dissolution and crystal
formation prior to mixing with palm stearin. Palm stearin was incubated at 70°C for
30 minutes to ensure no crystal structure is present and then mixed with emulsifier
solutions with a ratio of 1:9 (w/w) by using T18 digital ULTRA TURRAX® (IKA,
Staufen, Germany) with a speed of 1000 rpm for 30 seconds. Coarse emulsion was
passed 3 times throughout M-110Y Microfluidizer® (Microfluidics Corporation,
MA, USA) at 1000 bar at 60-65°C. The hot samples were stored at 45°C (i.e., above
crystallization temperature of palm stearin droplets) for less than 1 h in water bath

until HHP treatment. Unpressurized samples were used as control.
2.4. High Hydrostatic Pressure (HHP) Treatment

HHP was performed with 760.0118 type pressure equipment supplied by SITEC-
Sieber Engineering AG, Zurich, Switzerland Figure 10. The vessel had a volume of
100 ml with internal diameter (ID) 24 mm and length 153 mm Figure 11. A built-
in heating-cooling system (Huber Circulation Thermostat, Offenburg, Germany)
was used to maintain and control required temperature, which is measured by a
thermocouple type K in the vessel. The vessel was filled with a pressure
transmitting medium consisting of distilled water. Pressurization rate was 75
MPa/min for 100 MPa and 300 MPa/min for 500 MPa. Pressure release times were
less than 20 s. Pressurization time reported in this study did not include the pressure
increase and release times. Control group samples were prepared with hot

homogenization technique and not pressurized.
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Figure 10. HHP equipment (SITEC-Sieber Engineering AG, Zurich, Switzerland)

Figure 11. Pressurization chamber
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Prepared emulsions were pressurized in 2.5 mL sterile polyethylene cryotubes
(Biosigma Srl, CLEARLINE®, CryoGen®Tubes) at two different pressure (100
and 500 MPa) and three different temperature (10, 20 and 40 °C) values for 15
minutes. SC abbreviation was used for samples prepared with palm stearin as
dispersed phase and sodium caseinate as emulsifier; 80H XG abbreviation was
used for samples prepared with palm stearin as dispersed phase and Phospholipon
80H and xanthan gum mixture as emulsifier. For instance, an 80H XG sample
pressurized at 500 MPa at 40° C for 15 minutes, was named as
80H XG 500 40 15. For wunpressurized control samples, the name
80H_XG unpressurized was used. After HHP treatment, samples were held at
room temperature until the analyses were completed and then stored at refrigeration
temperature (4 °C) for 28 days. This notation was used throughout this thesis and

in the tables and figures.
2.5. Thermal Characteristic Analysis

Crystallization and melting behavior of palm stearin in bulk and emulsified forms
were determined by using differential scanning calorimetry (DSC) (Perkin Elmer,
DSC 4000, MA, USA). Approximately 10 mg of samples were placed into DSC
pan and an empty DSC pan was used as a reference. Bulk palm stearin samples
were heated from -10 to 70 °C with a rate of 2.5 °C/min, held for 5 min at 70 °C and
cooled from 70 to -10 °C with a rate of 2.5 °C/min and heating cycle was repeated
once again. Emulsified samples were heated from 35 to 70 °C with a rate of 2.5
°C/min, held for 5 min at 70°C and cooled from 70 to -10 °C with a rate of 2.5
°C/min. All samples were subjected to DSC analysis at the 1%, 8", 14™ and 28" days

of storage.
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2.6.  Spin-Spin Relaxation Time and Self-Diffusion Coefficient Analyses

NMR experiments were conducted on a 0.5 T NMR spectrometer operating at a
Larmor frequency of 23.2 MHz, equipped with a 10-mm diameter radio frequency
coil (SpinCore Inc., Gainsville, FL, USA). Carr-Purcell-Meiboom-Gill (CPMG)
pulse sequence was used to record relaxation data with 1 ms echo time, 2000
echoes, 16 scans and 3s repetition time. For self-diffusion coefficient (SDC)
measurements, stimulated spin echo pulse sequence containing three 22 us, 90°
pulses were used in a 0.32 T NMR system (Spin Track SB4, Mary El, Russia). The
time intervals between the first and the second pulses and between the second and
the third pulses were 2ms and 60 ms, respectively. Acquisition time was 500 us.
The duration of the pulsed gradient field was 1ms and the gradient strength was

1.66*102 T/m.
2.7.  Particle Size Analysis

Particle size distribution of emulsions were analyzed by using Malvern Mastersizer
2000 particle size analyzer (Worchester, United Kingdom) at discrete time intervals
(1, 8, 14 and 28" days) during storage. Refractive index, density and absorption

index were used as 1.52, 0.9 g/ml and 0.01; respectively.
2.8. Small and Wide Angle X-Ray Scattering Analysis

An HECUS System3 was used to measure the scattered intensities (I) as a function
of the magnitude of scattering vectors [I(q)-q] in q range of 0.003-0.1 A!. The used
camera has a Kratky collimator system (Hecus M. Braun-Graz X-ray Systems) on
a conventional X-ray source (Seifert generator ID3003, CuKa=1.54 A, Ni filter,
and 40 kV- 50 mA: 2kW). The measured 1024 data (in 900 sec.) for each samples
were evaluated by using EasySWAXS (HECUS software), IGORpro, GNOM and
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DAMMIN programs (Franke & Svergun, 2009; Kline, 2006; Semenyuk & Svergun,
1991).

2.9.  Statistical Analysis

Experiments were conducted in duplicate. Data were analyzed by using Minitab 16
(Minitab Inc., Penn State, USA). ANOVA was conducted at 95% confidence
interval. Tukey multiple comparison test was used if significant differences were

found between the samples. All statistical analysis results are given in Appendix A-
L.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Particle Size Analysis

Particle size of emulsions were given as Sauter mean diameter (D[3,2]) and volume
weighted mean diameter (D[4,3]). D[3,2] values of the SC emulsions were in the
range of 0.182 and 0.188 pm at the 1% day measurements, and no significant
changes was determined in SC samples due to HHP processing. This may be caused
that SC was already produced smaller particle and the volume decrease due to
increase pressure, was not sufficient for the significant droplet size change.
However, SC_unpressurized, SC_100 10 15, SC 100 20 15 and SC 500 40 15
results have significantly affected by storage time as shown in Table 2. The changes
in D[3,2] values of SC samples became significant at 14™ day of storage, Sauter
mean diameter were the largest at that day in unpressurized sample but the smallest
in the pressurized samples. Also, it can be seen that it is a reversible change for the
pressurized sample. D[3,2] values of the 80H XG droplets were in the range of
3.200 and 6.489 pm at the 1% day measurements. HHP application and storage were
both effective on particle size (p<0.05). HHP caused a significant change in Sauter

mean particle size and general trend is that pressurization may produce smaller
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particle sizes in 80H XG emulsions. This may be caused by the pressure
application which forces the system for volume reduction and solid particle can be
ordered towards more complex structures. In addition, particle size change during
storage has a similar trend for each 80H XG sample and particle size generally at
the largest values at 14" day of storage (Table 2).

Volume weighted mean diameter (D[4,3]) results gave similar results and trends
with Sauter mean diameter with respect to storage time (Table 3). In addition, the
particle size increase at 14" day of storage became very remarkable. However, in
80H_XG samples, significant droplet size difference cannot be observed between
pressurized and unpressurized samples.

D[4,3] is sensitive to larger particles, the increase in D[4,3] values is an indication
of aggregation or flocculation in the emulsions (Salminen et al., 2014). The results
were higher at the 14" day of storage in both SC and 80H_XG emulsions may be
the indication of partial coalescence mechanism where droplets adhere with each
other but each of them maintain its integrity (Sevdin, Ozel, Yiicel, Oztop, & Alpas,
2017). The structure inside the droplets is one of the factors affecting the partial
coalescence rate. According to Sugimoto et al. (2001), B-crystal may increase the
partial coalescence rate due to their needle-like structure. This needle-like structure
may prick the droplet wall of its own and also the other droplets, finally increasing
the partial coalescence rate. This droplet wall rupture may further cause the leakage
of the inside material to the continuous phase. Therefore, increase in D[4,3]values
of the samples specified above can be explained with the beginning of the partial
coalesce process and the decrease can be explained with the leakage theory.

When the emulsifier effect on particle size was analyzed, it can be easily seen that
SC led to formation of smaller particles (p<0.05) during emulsification than the
80H XG. SC has very strong amphiphilic characteristics so it can be associated
with the interface very rapidly during emulsification process (Sevdin, Ozel, et al.,

2017). Therefore, newly formed oil droplets can be stabilized by SC and emulsions
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with small droplet size can be produced (Eric Dickinson, 1999; Eric Dickinson &

Golding, 1997).

Table 2. Sauter mean diameter (D[3,2]) results of emulsions during storage

Sample Name

Sauter Mean Diameter +£ SD* (um)

st day 8th day 14th day 28th day

SC_unpressurized 0.182+0.0058¢ 0.182+0.002¢ 0.179+0.0044 0.185+0.00048
SC 100 10 15 0.185+0.002 0.182+0.001 0.192+0.002 0.188+0.000
SC 100 20 15 0.183+0.0014B 0.182+0.00048 0.176+0.0048 0.187+0.0034
SC 100 40 15 0.188+0.0014 0.181+0.0018 0.182+0.003B 0.189+0.0014
SC 500 10 15 0.185+0.003 0.181+0.002 0.183+0.005 0.184+0.002
SC 500 20 15 0.186+0.002 0.182+0.001 0.187+£0.013 0.187+0.002
SC 500 40 15 0.188+0.0044 0.182+0.00048 0.176+0.001B 0.187+0.0044

80H_XG_unpressurized
80H_XG _100_10_15
80H_XG_100 20 15
80H_XG_100_40_15
80H_XG 500 10 15
80H_XG_500_20 15
80H_XG_500_40_15

5.177+0.374Pb
6.489+0.14484
3.358+0.293P4
3.533+0.20984
4.44540.423DPbe
4.753+0.293¢b
3.200+0.283P4

10.763+0.545¢2
6.03340.2778
6.32040.603Ccd
7.230+0.4744-b¢
7.04040.184Cb
7.610+0.6638
4.987+0.1614

17.843+0.468442
9.647+0.7564<4
12.107+0.6424
7.017+0.503A¢
12.653+0.7604
10.667+0.6854b¢
8.173+0.0714A4

13.633+0.89982
10.16740.741A0
8.83340.538B:be
4.143+0.188B<
9.923+0.625B
6.573+0.658BC4
6.967+0.6668<

*SD: Standard Deviation

**All data are expressed as mean =+ standard deviation (n=3). Only significantly different results were lettered.
The results that do not share a letter are significantly different according to Tukey with 95% confidence interval.
The capital letters show a sample’s significant difference between Sauter mean diameters with respect to storage
time. The small letters show samples’ Sauter mean diameter at a specific day. Comparisons were conducted for

each emulsifier separately.
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Table 3. Volume weighted mean diameter (D[4,3]) results of emulsions during

storage

Sample Name

Volume Weigthed Mean Diameter + SD* (um)

Ist day

8th day

14th day

28th day

SC unpressurized
SC_100_10_15
SC_100_20_15
SC_100_40_15
SC_500_10_15
SC_500_20_15
SC_500_40_15

80H_XG_unpressurized
80H_XG_100_10_15
80H_XG_100_20_15
80H_XG 100 40 15
80H_XG_500_10_15
80H_XG 500 20 15
80H_XG_500 40 15

0.2660.0045™
0.278+0.0078
0.279+0.008B¢
0.280+0.0078
0.270+0.0028
0.274+0.0048
0.280+0.007"
22.500+1.0618
23.900+2.351¢
18.427+1.593€
22.000+1.3648
21.900+1.8188
22.567+2.2548
20.233+0.754¢

0.259+0.0078
0.256+0.005"
0.264+0.002¢
0.249+0.000°
0.254+0.0038
0.250+0.0008
0.258+0.0078
25.000+1.4458
27.533+2.604B¢
27.400+2.0998¢
29.17+0.8504
30.167+1.7008
31.033+2.9685
27.533+1.9228

0.539+0.0264°
0.732+0.02742
0.38740.0274¢
0.465+0.0014b
0.500+0.0184°
0.515+0.0374
0.466+0.0434b¢
37.267+2.779Ab¢
45.367+1.77540
70.647+7.053A42
2.867+0.5194¢
84.933+7.583A2
44.233+3,738Ab¢
43.467+1.008"¢

0.276+0.0013>
0.283+0.0045>
0.326+0.025B4
0.287+0.0048:>
0.27440.0045>
0.282+0.0095>
0.284+0.0075°
33.367+3.163A%
33.800+2.17782
33.433+£1.517B
22.867+2.0278<
34.1004+0.712B4
27.000+£1.393B:b
31.600+1.283B:2

*SD: Standard Deviation

**All data are expressed as mean + standard deviation (n=3). Only significantly different results were lettered.
The results that do not share a letter are significantly different according to Tukey with 95% confidence interval.
The capital letters show a sample’s significant difference between volume weighted mean diameters with
respect to storage time. The small letters show samples’ volume weighted mean diameter at a specific day.
Comparisons were conducted for each emulsifier separately.

3.2. Melting and Crystallization Characteristics of Emulsions

DSC heating and cooling thermograms were used to study the crystallization
behavior and the nature of crystalline structure as a function of emulsifier type,
HHP treatment (P-T-t) and storage, respectively. Temperature limits for preparation
conditions and DSC analysis were selected according the result of full scanned (-
10 to 70 °C and 70 to -10 °C) DSC thermograms of unpressurized emulsion
produced with sodium caseinate in which melting was observed between 40 to 57

°C and crystallization was observed between 35 to 23 °C (Figure 12). Therefore,
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the heating thermogram from 35 to 70 °C was used to characterize the crystalline
structure and polymorphic form. The cooling thermogram from 70 to -10 °C was
used to characterize the onset point of crystallization and differentiate surface

crystallization properties as discussed below.

J\/L— Heating
// Cooling

Heat flow endo up (mW/mg)

\

-15 -5 5 15 25 35 45 55 65 75
Temperature (°C)

Figure 12. DSC heating and cooling thermograms of unpressurized palm stearin-

sodium caseinate sample at first day (heat flow was normalized to sample weight)

DSC heating thermograms indicated that there were two crystal structures in SC
samples and three crystal structure can be observed in 80H XG samples.
Thermograms of unpressurized and pressurized at 500 MPa and 40 °C SC and
80H_XG samples, were given in Figure 13

as an example. The first peak corresponded to less dense a-crystal structure with a
melting temperature at 45°C and the second one corresponded to P-crystal

structures with a melting temperature at 56°C. Similar results were also reported by
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Sonoda et al. (2004). The melting characteristics of a and 3 crystals in SC emulsions
and a, B and the 3™ structure in 80H XG were shown in Table 4 -6,

respectively.

%

SC unpressurized

|

SC 500 40 15

?

80H_XG_unpressur
ized

Heat Flow Endo Up (mW/mg)

|

80H_XG 500 40
15

42 47 52 57 62 67
Temperature (°C)

W
3

Figure 13. First day heating thermograms of selected palm stearin emulsions (heat
flow was normalized to sample weight)

According to the results, melting temperature of o crystals decreased significantly
during storage period in samples of 80H XG 100 20 15 80H XG 500 40 15,
SC unpressurized and SC 500 40 15. Also, at the first day, a decrease in a crystal
melting temperature in comparison with the unpressurized sample was observed in
the SC 100 10 15, SC 500 10 15, SC 500 20 15 samples. The decrease in
melting temperature may be caused by the increase in number of lattice defects in

the lipid crystal network (Freitas & Miiller, 1999).
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After the analysis of crystal structures’ melting temperature, melting enthalpies of
each crystal structure were used to calculate crystal content in emulsions as percent
ratio showed. The crystal content ratio in the samples of SC and 80H_XG are shown
in Figure 14 and Figure 15, respectively. The numeric results and lettering

according statistical results were given in Table 4 - 6.

According to the analysis, it was found that emulsifier type is significantly effective
on crystal composition of emulsions and 80H XG emulsions had higher B-crystal
content than SC emulsions (p<0.05). Also, it was observed that all pressurized
samples contained lower o crystal content than the unpressurized ones at the first
day (p<0.05). This result proved that pressure by itself has a significant effect on
the crystal content where pressure favoring volume reduction that further triggers
the formation of B crystals which is a denser form (Coupland, 2002; Sonoda et al.,
2004). Pressurization temperature had no significant effect on crystal content of
emulsion at 500 MPa, but at 100 MPa (p<0.05). It was observed that the sample
which was pressurized at 100 MPa and 10 °C had more a crystal content compared
to other temperatures studied at the same pressure level. Based on the results it may
be proposed that pressurization temperature is effective on the crystal structure
at/around 100 MPa but the same effect of temperature may not be differentiated at
higher pressurization levels at/around 500 MPa. A similar changing trend in crystal
content can be observed when the effect of emulsifier-pressure and emulsifier-
storage time interactions were examined (p<0.05). SC samples had higher a crystal
content than 80H samples of unpressurized and pressurized samples at 100 MPa.
However, when the pressurization level reached up to 500 MPa, the difference that

was coming from the emulsifier difference has disappeared.
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A 3" structure in 80H_XG emulsions was observed and proposed as a solid wall
structure around the emulsion droplets, since soy lecithin with high-melting point
has an effect mechanism during production of emulsion. When soy lecithin
absorbed the interface, it crystallizes prior to oil and act as a crystal nuclei for the
oil inside the droplets. This preformed crystal layer around the droplets can be
called as a solid wall structure. Melting temperature of solid wall was not affected
from HHP process and storage time (p<0.05) (Table 6). However, solid wall content
affected by storage time especially in some samples (80H XG unpressurized,
80H_XG 100 10 15,80H_XG 100 20 15and 8OH XG 500 20 15). Atthe end
of the storage period solid wall content reached at maximum point for all mentioned
samples. In addition, according to results obtained at the 14™ day, solid wall content
is relatively high in unpressurized 80H XG sample rather than pressurized one.
This may be concluded as B crystal and solid wall structure become competitive

structures towards the end of the storage period.
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3.3. NMR Relaxometry and Self Diffusion Coefficient Determination

In addition to the direct effects of applied pressure on polymorph contents; T> and
SDC, storage time after HHP also had significant impacts. Firstly, longer storage
times induced higher content of more ordered crystal contents (Table 4- 6).

The steep decrease in o content and respective increase in § and solid lipid wall
content was observed between the 1% and the 8" day of storage (p<0.05). The crystal
ratios were more or less the same from the 8" day up to 28" day, however, as a
general trend both SC and 80H XG samples showed the highest  contents at the
14" day of storage. HHP and storage time has no significant effect on T relaxation
time of SC samples (Figure 16). However, T> and SDC trends in 80H XG samples
were comparable to changes in morphology of samples since they showed a
traceable pattern with respect to changes in a, § and solid wall contents. The lowest
T, at 14™ day lower T2 on the 8™ and 28™ day with respect to 1! day of storage
were observed in 80H XG samples and this was inversely proportional with the
pressure results since higher pressures increase B contents which led to lower T»
values (Figure 17). In this way, the higher B crystal formation during storage was
observed by Tz results. Formation of B crystals content were associated with a close
and compact alignment of crystallized lipid molecules and these intense relations

between ordered crystals can decrease the relaxation time of the system.
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Figure 16. T2 results of SC sample during storage
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SDC results of SC samples were not affected by HHP application or storage
time except SC_100 10 15 (Figure 18). This sample showed an increase in
8" and 14™ day and reached to the maximum SDC value and then start to
decrease during last week of storage. The increase in SDC suggested that
up to 14" day, water phase present in the emulsion system became more
continuous. The statistically similar particle sizes of droplets at that time
interval proved that claim since a change in the particle size promoted
discontinuity in such systems (Eric Dickinson & Golding, 1997). Therefore,
since diffusing water molecules did not experience a heterogeneous
distribution of droplets in the emulsion, their SDC increased. However,
SDC and T» experiments of 80H XG samples exerted a straight correlation
in storage experiments (Figure 17 and Figure 19). Both T>» and SDC
decreased with storage time up to 14" day than they both experienced an
increase on the 28™ day (p<0.05). Nevertheless, both the T> and SDC
decreased between the 14™ and 28" days. This phenomenon was also seen
in overall a and B contents, with a slight increase in a crystals and slight
decrease in P crystals on the 28" day with respect to 14™ day. The observed
changes could have been attributed to the beginning of destabilization on
the 14" day of the storage since a tendency for an increase in the presence
of bigger droplets throughout the emulsion was also detected by particle size
measurements (Table 2 and Table 3). On the 28" day, the bigger particles
formed on the 14™ day disappeared since significant decrease in bigger
particle sizes (d43) were observed at that day. There are some destabilization
mechanisms proposed in the literature such as flocculation, coalescence and
partial coalescence of droplets (Vanapalli, Palanuwech, & Coupland, 2002)
as explained before. In this study, the beginning of slight destabilization on
14" day was mainly attributed to the partial coalescence due to the dispersed

oil phase fraction, emulsifier type and ratio characteristics of the prepared
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emulsions. As the storage time increased, previously formed B crystals
began to penetrate through the droplet surface and overcome the surface
resistance. These needle like crystals then took part in the partial
coalescence leading to an increase in droplet size since these surface
migrated crystals changed the surfactant conformation on the droplet
surface (Sugimoto et al., 2001). The decline in the bigger droplet size on
28% day with respect to 14" day, originated from the diffusion of crystals
from one droplet to another. The disruption of oil droplet surfaces by crystal
migration from the interiors of the droplet to the surface occurred and this
phenomenon altered the droplet shape. Consequently, bigger droplets were
disrupted on the 28" day and formation of more disordered a crystals proved
this claim. The oil droplet aggregation is reported to have a viscosity
increasing effect in emulsions which is also consistent with the decreasing
trend of T, at the 14™ day of the storage (Sugimoto et al., 2001). The
increased surfactant concentration and merging of droplets probably created
new interaction sites for water and droplet surfaces resulting in lower T2 on
the 14™ day. The lower SDC similar to T through at 14™ day of the storage,
proved the more heterogeneous order of droplet size and distribution within
the emulsion system. At that point water molecules encountered more

impairment and hurdles during diffusing.
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All data are expressed as mean + standard deviation (n=3). Only significantly different results were lettered.

Figure 18. Self diffusion coefficient results of SC emulsions during storage
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Figure 19. Self diffusion coefficient results of 80H XG emulsions during storage



3.4. Small Angle X-Ray Scattering (SAXS) Analysis

To monitor the structural changes in HHP treated emulsions, a set of SAXS
experiments was designed. Main aim is to observe the effect of pressure not the
temperature so the highest temperature (40 °C) in previous parts of the study was
used as the pressurization temperature and pressure was applied at 5 different levels
(100, 200, 300, 400 and 500 MPa). Lecithin samples were prepared without
addition of xanthan gum to work on the similar particle sizes for both emulsion
samples (SC emulsions and 80H emulsions) (Sevdin, Cinar Bam, Alpas, Oztop, &

ide, 2017).

SAXS results of SC and 80H XG emulsions were given in Figure 20 and Figure
21, respectively.
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Figure 20. SAXS profile of SC emulsions
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Figure 21. SAXS profile of 80H emulsions

SAXS profile of SC and 80H XG emulsions had homogenously distributed nano-
globular aggregations and revealed generally similar trends except two dramatically
different samples; SC 400 40 5 and 80H_ 200 40 5. Radius of gyration (Rg) of
samples were determined from Guinier region of the scattering graph and given in
Table 7. SC 400 40 5 sample scattering results showed that larger aggregates or
nanoparticles can be found in the samples however, gyration radius of this sample
found as relatively smaller than the other SC samples, especially in globular and
rod forms. 80H 200 40 5 sample results showed that surface to volume ratio is
higher for that sample and gyration radius of rod and flat forms were determined as

very smaller than the other 80H samples.
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Table 7. Radius of gyration of SC and 80H emulsions

Gyration Radius (nm)

Samples Globular Rod Flat

SC unpressurized 422 27.9 17.0
SC 100 40 5 45.4 29.7 17.5
SC 200 40 5 37.5 29.2 17.3
SC 300 40 5 40.7 28.1 16.2
SC 400 40 5 34.8 25.8 16.7
SC 500 40 5 41.0 30.8 17.2
80H_unpressurized 46.8 34.6 21.2
80H 100 40 5 44.1 29.7 18.0
80H 200 40 5 44 4 19.2 14.7
80H 300 40 5 41.9 30.2 17.5
80H 400 40 5 42.9 31.2 19.4
80H 500 40 5 43.3 334 21.0

Due to these dramatic changes for given samples, further investigations were
conducted and different sample types were prepared to observe the effect of
ingredients on structure. Prepared samples were emulsifier-water mixtures without
lipid addition (SC solution or 80H solution), SC and 80H emulsions. SC solution
and SC emulsion were pressurized at 400 MPa and 40°C for 5 minutes and 80H

solution and 80H emulsion were pressurized at 200 MPa and 40°C for 5 minutes.

The most possible 3D morphologies and their sizes were determined as seen in the
Figure 22, after the data evaluation, fitting processing and ab-initio shape

determination was conducted by using GNOM and DAMMIN programs.
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Figure 22. 3D morphologies, sizes and pair distance distributions of the

nanoglobules in samples

Macromolecular structure of sodium caseinate (in single crystal form) is known and
the previously carried out macromolecular shape is very similar to the presented
ab-initio model for SC sample (in aqueous emulsion form) (Farrell Jr, Brown, &
Malin, 2013). It was observed that, lipid addition caused an increase in particle size

and globular-like formations in both SC and 80H samples. However, pressurization
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caused more globular forms and decrease in size for SC samples, while in 80H
samples, it cannot be observed any significant change in particle size and structure
shift to rod-like structure with respect to unpressurized 80H samples (Sevdin, Cinar

Bam, et al., 2017).
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CHAPTER 4

CONCLUSION

The effect of HHP treatment on lipid crystallization process was monitored at 100
and 500 MPa at 10, 20 and 40 °C for 15 minutes with two different emulsion
samples. DSC, particle size analysis, NMR relaxation and self-diffusion coefficient
measurements were conducted at 1%, 8", 14" and 28" days of storage period at 4°C.
Also, SAXS analysis were conducted for selected emulsion samples for the
inspection of changes in structural conformation due to HHP process within in the
1°" week of storage. The statistical analysis revealed that the results can be

generalized as follows;

e HHP has no significant effect on the melting temperature of polymorphs;
but pressure and storage time have significant effect on crystal polymorphs’
content in emulsions.

e HHP did not affect droplet size of SC emulsions so it is seen that mean
particle size was affected by the types of emulsifiers and storage time.

e Sodium caseinate has a capability of producing smaller particles than
80H XG emulsion.

e HHP treatment has the capacity of controlling lipid crystallization process

and altering the crystal structure in emulsions. The investigation of DSC
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curves and relative areas of these curves provided a and B contents. HHP
induced formation of more stable [ lipid crystals.

e (Changes in a and § contents with respect to pressure and storage time were
detected by T> and SDC measurements. An increasing trend for T> was
observed with respect to increase in both pressure and storage time.
Formation of B crystals was discernible with the increase in T>. These
findings suggested that the beginning of destabilization of emulsions can be
detected by NMR measurements.

e The obtained pair distance distributions in SAXS measurements were
indicating uniform dispersed nano-globules with cylindrical and spherical
shapes.

o The pressure effect may be easily seen in the ab-initio structural model with
SAXS measurements. The pressure application caused a structural change
from spherical form to cylindrical form while SC solution and SC emulsion

droplets reach more compact spherical like aggregations.

This study demonstrated that HHP produced stable lipid crystal forms, presence
and type of emulsifier affected the crystal structures and NMR relaxometry was
an alternative method to track the polymorphic changes of lipid crystals under
pressure treatment and storage. In near future, thermodynamic effects and
different aqueous concentrations may be also investigated and in addition to the
size, shape and distribution controls, the optical transparent properties may be
also characterized by SAXS technique for the potential usage of the newly
defined nano-emulsions in technological application. Future researches make
capital out of this study to increase the use of HHP technology in encapsulation

processes.
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APPENDIX A

ANOVA Results of General Full Factorial Regressions

General Factorial Regression: a Melting T versus Emulsifier; Pressure;
Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 sSC; 80H XG
Pressure 3 0; 100; 500
Temperature 3 10; 20; 40
Storage 4 1; 8; 14; 28

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Model 8 21,1742 2,64678 27,61 0,000
Linear 8 21,1742 2,64678 27,61 0,000
Emulsifier 1 0,0084 0,00844 0,09 0,767
Pressure 2 10,3494 5,17472 53,99 0,000
Temperature 2 1,0319 0,51595 5,38 0,005
Storage 3 9,7845 3,26149 34,03 0,000
Error 207 19,8418 0,09585
Lack-of-Fit 63 77,8837 0,12514 1,51 0,023
Pure Error 144 11,9581 0,08304
Total 215 41,0160
Model Summary
S R-sg R-sg(adj) R-sqg(pred)
0,309603 51,62% 49,75% 47,33%
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General Factorial Regression: a Content versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 SC; 80H _XG
Pressure 3 0; 100; 500
Temperature 3 10; 20;
Storage 4 1; 8; 14; 28
Analysis of Variance
Source DF Adj SS Adj MS
Model 8 23509,9 2938,73
Linear 8 23509,9 2938,73
Emulsifier 1 2348,2 2348,20
Pressure 2 5481,5 2740,77
Temperature 2 243,2 121,61
Storage 3 15436,9 5145,63
Error 207 11085,6 53,55
Lack-of-Fit 63 10630,1 168,73
Pure Error 144 455,5 3,16
Total 215 34595,5
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
7,31803 67,96% 66,72% 65,11%

78

F-Value
54,87
54,87
43,85
51,18

2,27
96,08

53,34

P-Value
0,000
0,000
0,000
0,000
0,106
0,000

0,000



General Factorial Regression: B Melting T versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 SC; 80H _XG
Pressure 3 0; 100; 500
Temperature 3 10; 20; 40
Storage 4 1; 8; 14,; 28
Analysis of Variance
Source DF Adj SS Adj MS
Model 8 9,2046 1,15058
Linear 8 9,2046 1,15058
Emulsifier 1 7,4185 7,41852
Pressure 2 1,5130 0,75651
Temperature 2 0,1489 0,07445
Storage 3 0,1242 0,04138
Error 207 13,5008 0,06522
Lack-of-Fit 63 3,3964 0,05391
Pure Error 144 10,1045 0,07017
Total 215 22,7054
Model Summary
S R-sqg R-sg(adj) R-sqg(pred)
0,255385 40,54% 38,24% 35,26%
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P-Value
0,000
0,000
0,000
0,000
0,321
0,594

0,881



General Factorial Regression: B Content versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 SC; 80H _XG
Pressure 3 0; 100; 500
Temperature 3 10; 20;
Storage 4 1; 8; 14; 28
Analysis of Variance
Source DF Adj SS Adj MS
Model 8 21710,6 2713,82
Linear 8 21710,6 2713,82
Emulsifier 1 248,2 248,25
Pressure 2 6139,0 3069,49
Temperature 2 238,8 119,40
Storage 3 15084,6 5028,19
Error 207 10931,3 52,81
Lack-of-Fit 63 10516,3 166,92
Pure Error 144 415,0 2,88
Total 215 32641,9
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
7,26692 66,51% 65,22% 63,54%

80

F-Value
51,39
51,39

4,70
58,13
2,26
95,22

57,92

P-Value
0,000
0,000
0,031
0,000
0,107
0,000

0,000



General Factorial Regression: 3rd Peak Content versus Emulsifier;

Pressure; Temperature; Storage

Factor Information

Factor
Emulsifier
Pressure
Temperature
Storage

Analysis of

Source
Model
Linear
Emulsifi
Pressure
Temperat
Storage
Error
Lack-of-Fi
Pure Error
Total

Model Summar

S

0,953508 95

Levels

2

3

3

4
Variance
DF

8

8

er 1
2

ure 2
3

207

t 63
144

215

Yy

Values
SC;
0;
10;
1;

100;
20;
8; 14

Adj SS
4264, 32
4264, 32
4193, 65

31,26
1,02
38,40
188,20
122,26
65,94
4452, 52

R-sq R-sqg(adj)

, 17%

95,61%

80H |

XG
500
40
; 28

Adj MS
533,04
533,04
4193, 65
15,63
0,51
12,80
0,91
1,94
0,46

R-sqg(pred)
95,40%
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General Factorial Regression: D[3,2] versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 SC; 80H _XG
Pressure 3 0; 100; 500
Temperature 3 10; 20; 40
Storage 4 1; 8; 14; 28
Analysis of Variance
Source DF Adj SS Adj MS
Model 8 4693,70 586,71
Linear 8 4693,70 586,71
Emulsifier 1 3940,20 3940,20
Pressure 2 264,33 132,17
Temperature 2 29,57 14,79
Storage 3 459,59 153,20
Error 207 1070,73 5,17
Lack-of-Fit 63 1039,28 16,50
Pure Error 144 31,45 0,22
Total 215 5764,43
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
2,27434 81,43% 80,71% 79,77%

82

F-Value
113,43
113,43
761,74

25,55
2,86
29,62

75,54

P-Value
0,000
0,000
0,000
0,000
0,060
0,000

0,000



General Factorial Regression: D[4,3] versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels
Emulsifier 2
Pressure 3
Temperature 3
Storage 4

Analysis of Variance

Source
Model
Linear
Emulsifier
Pressure
Temperature
Storage
Error
Lack-of-Fit
Pure Error
Total

Model Summary

S R-sqg
8,03129 81,88%

D

F
8
8
1
2
2

3
207
63
144
215

R-s

Values
SC; 80H XG
0; 100; 500
10; 20;
1; 8; 14; 28
Adj SS  Adj MS
60330,0 7541, 3
60330,0 7541, 3
54567,3 54567,3
258,09 129,4
360, 9 180,5
5142,9 1714,3
13351,8 64,5
12602,1 200,0
749,7 5,2
73681, 8
q(adj) R-sqg(pred)
81,18% 80,27%

83

F-Value
116,92
116,92
845,98

2,01
2,80
26,58

38,42

P-Value
0,000
0,000
0,000
0,137
0,063
0,000

0,000



General Factorial Regression: Span versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 SC; 80H _XG
Pressure 3 0; 100; 500
Temperature 3 10; 20; 40
Storage 4 1; 8; 14; 28
Analysis of Variance
Source DF Adj SS Adj MS
Model 8 39,949 4,9936
Linear 8 39,949 4,9936
Emulsifier 1 11,812 11,8121
Pressure 2 1,341 0,6704
Temperature 2 1,737 0,8687
Storage 3 25,058 8,3527
Error 207 20,010 0,0967
Lack-of-Fit 63 16,823 0,2670
Pure Error 144 3,187 0,0221
Total 215 59,959
Model Summary
S R-sqg R-sg(adj) R-sqg(pred)
0,310914 66,63% 65,34% 63,66%

84

F-Value
51,66
51,66

122,19
6,93
8,99

86,41

12,06

P-Value
0,000
0,000
0,000
0,001
0,000
0,000

0,000



General Factorial Regression: T2 versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels
Emulsifier 2
Pressure 3
Temperature 3
Storage 4

Analysis of Variance

Source
Model
Linear
Emulsifier
Pressure
Temperature
Storage
Error
Lack-of-Fit
Pure Error
Total

Model Summary

S R-sqg
93,3476 72,73%

D

F
8
8
1
2
2

3
207
63
144
215

R-s

Values
SC; 80H XG
0; 100; 500
10; 20;
1; 8; 14; 28
Adj SS  Adj MS
4811508 601438
4811508 601438
4317610 4317610
24236 12118
11587 5793
458076 152692
1803752 8714
1146323 18196
657429 4565
6615260
q(adj) R-sqg(pred)
71,68% 70,31%

85

F-Value
69,02
69,02

495,49
1,39
0,66

17,52

3,99

P-Value
0,000
0,000
0,000
0,251
0,515
0,000

0,000



General Factorial Regression: SDC*10/9 versus Emulsifier; Pressure;

Temperature; Storage

Factor Information

Factor Levels Values
Emulsifier 2 SC; 80H |
Pressure 3 0; 100;
Temperature 3 10; 20;
Storage 4 1; 8; 14
Analysis of Variance
Source DF Adj SS
Model 8 33,3520
Linear 8 33,3520
Emulsifier 1 32,0346
Pressure 2 0,8310
Temperature 2 0,0414
Storage 3 0,4450
Error 207 4,1837
Lack-of-Fit 63 1,9787
Pure Error 144 2,2050
Total 215 37,5357
Model Summary
S R-sq R-sqg(adj)
0,142166 88,85% 88,42%

XG
500
40
; 28

Adj MS
4,1690
4,1690
32,0346
0,4155
0,0207
0,1483
0,0202
0,0314
0,0153

R-sqg(pred)
87,86%

86

P-Value
0,000
0,000
0,000
0,000
0,361
0,000

0,000



APPENDIX B

Comparison of 80H_XG Emulsion Samples at 1%t Day of Storage and Grouping

Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS _80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS 80H XG 100 40 15 Oweek;
PS 80H XG 500 10 15 Oweek;
PS 80H XG 500 20 15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,036 0,1727 0,69 0,663

Error 14 3,519 0,2514

Total 20 4,555

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,501351 22,75% 0,00% 0,00%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7
PS 80H XG 100 20 15 Oweek;
PS 80H XG 500 10 15 Oweek;

PS_80H XG 500 40 15 Oweek;

Analysis of Variance

Source DF Adj SS

Sample Name 6 3142,3
Error 14 154,1
Total 20 3296,4

Model Summary

S R-sg R-sg(adj)
3,31728 95,33% 93,32%

Values
PS 80H XG 100 10 15 Oweek;

PS_80H XG_100 40 15 Oweek;
PS_80H XG_500 20 15 Oweek;

PS 80H XG unpressurized Oweek

Adj MS F-Value P-Value
523,72 47,59 0,000
11,00

R-sg(pred)
89,48%

88



General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS 80H XG_100_40_ 15 Oweek;
PS 80H XG 500 10 15 Oweek;
PS 80H XG 500 _20_ 15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,1227 0,02045 0,56 0,757

Error 14 0,5139 0,03670

Total 20 0,6366

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,191585 19,28% 0,00% 0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7
PS 80H XG 100 20 15 Oweek;
PS 80H XG 500 10 15 Oweek;

PS_80H XG 500 40 15 Oweek;

Analysis of Variance

Source DF Adj SS

Sample Name 6 3228,02
Error 14 49,83
Total 20 3277,85

Model Summary

S R-sg R-sg(adj)
1,88662 98,48% 97,83%

Values
PS 80H XG 100 10 15 Oweek;

PS_80H XG_100 40 15 Oweek;
PS_80H XG_500 20 15 Oweek;

PS 80H XG unpressurized Oweek

Adj MS F-Value P-Value
538,003 151,15 0,000
3,559

R-sg(pred)
96,58%

90



General Linear Model: 3rd Peak Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,05751 0,009586 0,78 0,600

Error 14 0,17220 0,012300

Total 20 0,22971

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,110905 25,04% 0,00% 0,00%
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General Linear Model: 3rd Peak Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 5,511 10,9184 0,71 0,047

Error 14 18,101 1,2930

Total 20 23,612

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
1,13708 23,34% 0,00% 0,00%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 25,106 4,1844 30,76 0,000

Error 14 1,905 10,1360

Total 20 27,011

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,368832 92,95% 89,93% 84,14%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 57,62 9,604 2,24 0,100

Error 14 60,03 4,288

Total 20 117,65

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
2,07071 48,98% 27,11% 0,00%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,7938 0,2989¢6 11,42 0,000

Error 14 0,3665 0,02618

Total 20 2,1602

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,161789 83,04% 75,77% 61,83%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 14800 2467 0,29 0,934

Error 14 120841 8631

Total 20 135641

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
92,9058 10,91% 0,00% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 Oweek;
PS 80H XG 100 20 15 Oweek;
PS_80H_XG 100_40_15_ Oweek;
PS 80H XG 500 10 15 Oweek;
PS _80H XG 500_20_15 Oweek;
PS 80H XG 500 40 15 Oweek;
PS 80H XG unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 00,1083 0,01805 1,02 0,451

Error 14 0,2474 0,01767

Total 20 0,3557

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,132924 30,46% 0,65% 0,00%

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized Oweek 3 48,4533 A

PS 80H XG 100 10 15 Oweek 3 17,2492 B
PS 80H XG 100 20 15 Oweek 3 15,9204 B
PS 80H XG 100 40 15 Oweek 3 15,0686 B
PS 80H XG 500 10 15 Oweek 3 14,8579 B
PS 80H XG 500 40 15 Oweek 3 11,6265 B
PS 80H XG 500 20 15 Oweek 3 10,0330 B

Means that do not share a letter are significantly different.
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Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 500 20 15 Oweek 3 81,5786 A

PS 80H XG 500 40 15 Oweek 3 79,8637 A B

PS 80H XG 100 40 15 Oweek 3 77,8463 A B

PS 80H XG 500 10 15 Oweek 3 76,6528 A B

PS 80H XG 100 20 15 Oweek 3 76,2850 B

PS 80H XG 100 10 15 Oweek 3 74,8560 B

PS 80H XG unpressurized Oweek 3 42,9271 c

Means that do not share a letter are significantly different.

Comparisons for D[3,2]

Tukey Pairwise Comparisons: Response = D[3,2], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 10 15 Oweek 3 6,48933 A

PS 80H XG unpressurized Oweek 3 5,17667 B

PS 80H XG 500 20 15 Oweek 3 4,75333 B

PS 80H XG 500 10 15 Oweek 3 4,44467 B C

PS 80H XG 100 40 15 Oweek 3 3,53333 C D
PS 80H XG 100 20 15 Oweek 3 3,35800 D
PS 80H XG 500 40 15 Oweek 3 3,20000 D

Means that do not share a letter are significantly different.

98



Comparisons for Span
Tukey Pairwise Comparisons: Response = Span, Term = Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 20 15 Oweek 3 2,77867 A

PS 80H XG 100 10 15 Oweek 3 2,27467 B
PS 80H XG 500 10 15 Oweek 3 2,08200 B
PS 80H XG 100 40 15 Oweek 3 2,06533 B
PS 80H XG 500 40 15 Oweek 3 2,05233 B
PS 80H XG unpressurized Oweek 3 1,87467 B
PS 80H XG 500 20 15 Oweek 3 1,84867 B

Means that do not share a letter are significantly different.
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APPENDIX C
Comparison of 80H_XG Emulsion Samples at 8" Day of Storage and

Grouping Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS _80H XG 100 10 15 1lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG 100 40 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 2,398 0,39967 4,43 0,010

Error 14 1,263 0,09020

Total 20 3,661

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,300341 65,50% 50,72% 22,38%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS _80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG 100 40 15 lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 133,560 22,2601 38,59 0,000

Error 14 8,076 0,5769

Total 20 141,637

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,759517 94,30% 91,85% 87,17%
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General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG_100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 00,5979 0,09904 0,52 0,781

Error 14 2,6651 0,19037

Total 20 3,2630

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,436310 18,32% 0,00% 0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7
PS 80H XG 100 20 15 lweek;
PS 80H XG 500 10 15 lweek;

PS_80H_XG_500 40 15 lweek;

Analysis of Variance

Source DF Adj SS

Sample Name 6 137,24
Error 14 26,10
Total 20 163,34

Model Summary

S R-sg R-sg(adj)
1,36546 84,02% 77,17%

Values
PS 80H XG 100 10 15 lweek;

PS 80H XG 100 40 15 lweek;
PS 80H XG 500 20 15 lweek;

PS 80H XG unpressurized lweek

Adj MS F-Value P-Value
22,873 12,27 0,000
1,864

R-sg(pred)
64,04%
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General Linear Model: 3rd Peak Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG_100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,02678 0,004463 0,31 0,919

Error 14 0,19860 0,014186

Total 20 0,22538

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,119104 11,88% 0,00% 0,00%
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General Linear Model: 3rd Peak Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG _100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DFF Adj SS Adj MS F-Value P-Value
Sample Name 6 13,93 2,3214 2,58 0,067

Error 14 12,59 10,8989

Total 20 26,51

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,948120 52,53% 32,19% 0,00%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG_100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 59,704 9,9507 31,77 0,000

Error 14 4,385 0,3132

Total 20 64,090

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,559681 93,16% 90,22% 84,60%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG _100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 73,72 12,286 1,95 0,142

Error 14 88,17 6,298

Total 20 161,89

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
2,50960 45,53% 22,19% 0,00%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG_100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,4884 0,08141 1,88 0,154

Error 14 0,6050 0,04321

Total 20 1,0934

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,207872 44,67% 20,96% 0,00%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG _100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 91578 15263 2,65 0,062

Error 14 80499 5750

Total 20 172078

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
75,8285 53,22% 33,17% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 lweek;
PS 80H XG 100 20 15 lweek;
PS 80H XG_100_40_ 15 1lweek;
PS 80H XG 500 10 15 lweek;
PS 80H XG 500 20 15 1lweek;
PS 80H XG 500 40 15 lweek;
PS 80H XG unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,1430 0,02383 1,57 0,228

Error 14 0,2126 0,01518

Total 20 0,3556

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,123221 40,22% 14,60% 0,00%

Comparisons for a Melting T

Tukey Pairwise Comparisons: Response = a Melting T, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized lweek 3 44,8800 A

PS 80H XG 100 40 15 lweek 3 44,5700 A B
PS 80H XG 100 20 15 lweek 3 44,3133 A B
PS 80H XG 500 40 15 lweek 3 44,1600 A B
PS 80H XG 100 10 15 lweek 3 44,1433 A B
PS 80H XG 500 20 15 lweek 3 43,9867 B
PS 80H XG 500 10 15 lweek 3 43,7933 B

Means that do not share a letter are significantly different.
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Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 40 15 lweek 3 11,2900 A

PS 80H XG unpressurized lweek 3 9,4404 A

PS 80H XG 100 20 15 lweek 3 5,8967 B

PS 80H XG 500 40 15 lweek 3 5,4834 B C
PS 80H XG 500 20 15 lweek 3 5,3041 B C
PS 80H XG 100 10 15 lweek 3 5,0481 B C
PS 80H XG 500 10 15 lweek 3 3,6627 C

Means that do not share a letter are significantly different.

Comparisons for  Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 500 10 15 lweek 3 88,1310 A

PS 80H XG 500 20 15 lweek 3 87,8102 A

PS 80H XG 100 10 15 lweek 3 87,0704 A

PS 80H XG 500 40 15 lweek 3 86,4215 A

PS 80H XG 100 20 15 lweek 3 85,6180 A B

PS 80H XG 100 40 15 lweek 3 81,8883 B C
PS 80H XG unpressurized lweek 3 81,3624 C

Means that do not share a letter are significantly different.
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Comparisons for D[3,2]

Tukey Pairwise Comparisons: Response = D[3,2], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized lweek 3 10,7633 A

PS 80H XG 500 20 15 1lweek 3 7,6100 B

PS 80H XG 100 40 15 lweek 3 7,2300 B C

PS 80H XG 500 10 15 1lweek 3 7,0400 B C

PS 80H XG 100 20 15 1lweek 3 6,3200 B C D
PS 80H XG 100 10 15 lweek 3 6,0333 C D
PS 80H XG 500 40 15 1lweek 3 4,9867 D

Means that do not share a letter are significantly different.
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APPENDIX D
Comparison of 80H_XG Emulsion Samples at 14" Day of Storage and

Grouping Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS _80H XG 100 10 15 2week;
PS 80H XG 100 20 15 2week;
PS 80H XG 100 40 15 2week;
PS 80H XG 500 10 15 2week;
PS 80H XG 500 20 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 4,0232 0,67053 9,54 0,000

Error 14 0,9843 0,07031

Total 20 5,0075

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,265159 80,34% 71,92% 55,77%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS _80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS _80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 74,984 12,4974 71,05 0,000

Error 14 2,463 0,1759

Total 20 77,447

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,419405 96,82% 95,46% 92,85%
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General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS_80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,177 0,1961 0,70 0,658

Error 14 3,950 10,2822

Total 20 5,127

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,531185 22,95% 0,00% 0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7
PS 80H XG 100 20 15 Z2week;
PS 80H XG 500 10 15 2week;

PS_80H XG 500 40 15 2week;

Analysis of Variance

Source DF Adj SS

Sample Name 6 182,64
Error 14 17,52
Total 20 200,16

Model Summary

S R-sg R-sg(adj)
1,11869 91,25% 87,50%

Values
PS 80H XG 100 10 15 2week;

PS_80H XG_100 40 15 2week;
PS_80H XG_500 20 15 2week;

PS 80H XG unpressurized 2week

Adj MS F-Value P-Value
30,440 24,32 0,000
1,251

R-sg(pred)
80,31%
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General Linear Model: 3rd Peak Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS_80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 00,2378 0,03963 1,03 0,448

Error 14 0,5401 0,03858

Total 20 0,7779

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,196420 30,57% 0,81% 0,00%
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General Linear Model: 3rd Peak Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS _80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 42,790 7,1317 11,36 0,000

Error 14 8,792 0,6280

Total 20 51,583

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,792475 82,96% 75,65% 61,65%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS_80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 229,242 38,2070 71,10 0,000

Error 14 7,523 0,5374

Total 20 236,766

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,733069 96,82% 95,46% 92,85%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS _80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 6898,9 1149,82 40,23 0,000

Error 14 400,1 28,58

Total 20 7299,0

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
5,34607 94,52% 92,17% 87,67%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS_80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 12,7367 2,12278 44,08 0,000

Error 14 0,6742 0,04816

Total 20 13,4109

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,219446 94,97% 92,82% 88,69%

123



General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15_ 2week;
PS 80H XG 500 10 15 2week;
PS _80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 170014 28336 2,76 0,055

Error 14 143511 10251

Total 20 313524

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
101,246 54,23% 34,61% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 2week;
PS 80H XG 100 20 15 Z2week;
PS_80H_XG 100_40_15 2week;
PS 80H XG 500 10 15 2week;
PS_80H XG 500_20_ 15 2week;
PS 80H XG 500 40 15 2week;
PS 80H XG unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,3154 0,05256 4,89 0,007

Error 14 0,1506 0,01076

Total 20 00,4659

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,103707 67,68% 53,83% 27,29%

Comparisons for a Melting T

Tukey Pairwise Comparisons: Response = a Melting T, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized 2week 3 44,8233 A

PS 80H XG 100 _40 15 2week 3 44,5667 A B

PS 80H XG 100 10 15 2week 3 43,9000 B C
PS 80H XG 500 40 15 2week 3 43,8033 C
PS 80H XG 500 20 15 2week 3 43,7600 C
PS 80H XG 100 20 15 2week 3 43,7267 C
PS 80H XG 500 10 15 2week 3 43,5933 C
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Means that do not share a letter are significantly different.

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 40 15 2week 3 7,67270 A

PS 80H XG unpressurized 2week 3 7,02725 A

PS 80H XG 500 40 15 2week 3 3,97732 B

PS 80H XG 100 _10_ 15 2week 3 3,47478 B C
PS 80H XG 500 20 15 2week 3 3,18159 B C
PS 80H XG 100 20 15 2week 3 3,02723 B C
PS 80H XG 500 10 15 2week 3 2,67205 c

Means that do not share a letter are significantly different.

Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 10 15 2week 3 90,2982 A
PS 80H XG 100 20 15 2week 3 90,2866 A
PS 80H XG 500 20 15 2week 3 89,8413 A
PS 80H XG 500 40 15 2week 3 88,7809 A
PS 80H XG 500 10 15 2week 3 88,2747 A
PS 80H XG 100 40 15 2week 3 84,0941 B
PS 80H XG unpressurized 2week 3 82,3752 B

Means that do not share a letter are significantly different.
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Comparisons for 3rd Peak Content

Tukey Pairwise Comparisons: Response = 3rd Peak Content, Term =
Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized 2week 3 10,5975 A

PS 80H XG 500 10 15 2week 3 9,0533 A B

PS 80H XG 100 40 15 Z2week 3 8,2332 B C
PS 80H XG 500 40 15 2week 3 77,2418 B C
PS 80H XG 500 20 15 2week 3 6,9771 B C
PS 80H XG 100 20 15 2week 3 6,6862 C
PS 80H XG 100 10 15 2week 3 6,2270 C

Means that do not share a letter are significantly different.

Comparisons for D[3,2]

Tukey Pairwise Comparisons: Response = D[3,2], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized 2week 3 17,8433 A

PS 80H XG 500 10 15 2week 3 12,6533 B

PS 80H XG 100 20 15 2week 3 12,1067 B

PS 80H XG 500 20 15 2week 3 10,6667 B C

PS 80H XG 100 10 15 2week 3 9,6467 CcC D

PS 80H XG 500 40 15 2week 3 8,1733 D E
PS 80H XG 100 40 15 2week 3 77,0167 E

Means that do not share a letter are significantly different.
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Comparisons for D[4,3]

Tukey Pairwise Comparisons: Response = D[4,3], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 500 10 15 Z2week 3 84,9333 A

PS 80H XG 100 20 15 2week 3 70,4667 A

PS 80H XG 100 10 15 Z2week 3 45,3667 B

PS 80H XG 500 20 15 2week 3 44,2333 B C
PS 80H XG 500 40 15 2week 3 43,4667 B C
PS 80H XG unpressurized 2week 3 37,2667 B C
PS 80H XG 100 40 15 2week 3 29,8667 C

Means that do not share a letter are significantly different.

Comparisons for Span
Tukey Pairwise Comparisons: Response = Span, Term = Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 500 10 15 2week 3 4,83633 A

PS 80H XG 100 20 15 2week 3 3,26400 B

PS 80H XG 100 10 15 2week 3 2,97200 B C

PS 80H XG 500 40 15 2week 3 2,82433 B C D
PS 80H XG 500 20 15 2week 3 2,75500 B C D
PS 80H XG unpressurized 2week 3 2,63467 CcC D
PS 80H XG 100 40 15 2week 3 2,21600 D

Means that do not share a letter are significantly different.
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Comparisons for SDC*1019

Tukey Pairwise Comparisons: Response = SDC*1079, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized 2week 3 1,59980 A

PS 80H XG 100 10 15 2week 3 1,59927 A

PS 80H XG 100 20 15 Z2week 3 1,43743 A B
PS 80H XG 500 20 15 2week 3 1,38530 A B
PS 80H XG 500 40 15 2week 3 1,34323 A B
PS 80H XG 100 40 15 2week 3 1,32900 A B
PS 80H XG 500 10 15 2week 3 1,26187 B

Means that do not share a letter are significantly different.
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APPENDIX E
Comparison of 80H_XG Emulsion Samples at 28" Day of Storage and

Grouping Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PSS _80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS 80H XG 100 40 15 4week;
PS 80H XG 500 10 15 4week;
PS 80H XG 500 20 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,488 0,2480 1,98 0,137

Error 14 1,756 0,1254

Total 20 3,244

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,354112 45,88% 22,68% 0,00%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 161,325 26,8874 47,23 0,000

Error 14 7,970 0,5693

Total 20 169,294

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,754501 95,29% 93,27% 89,41%
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General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,5478 0,09130 0,96 0,486

Error 14 1,3312 0,09509

Total 20 1,8790

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,308360 29,15% 0,00% 0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7
PS 80H XG 100 20 15 4week;
PS 80H XG 500 10 15 4week;

PS_80H XG 500 40 15 4week;

Analysis of Variance

Source DF Adj SS

Sample Name 6 133,33
Error 14 23,94
Total 20 157,26

Model Summary

S R-sg R-sg(adj)
1,30760 84,78% 78,26%

Values
PS 80H XG 100 10 15 4week;

PS_80H XG_100 40 15 4week;
PS_80H XG_500 20 15 4week;

PS 80H XG unpressurized 4week

Adj MS F-Value P-Value
22,221 13,00 0,000
1,710

R-sg(pred)
65,75%
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General Linear Model: 3rd Peak Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7
PS 80H XG 100 20 15 4week;
PS 80H XG 500 10 15 4week;

PS_80H XG 500 40 15 4week;

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,003914
Error 14 0,092867
Total 20 0,096781

Model Summary

S R-sq R-sqg(adj)
0,0814453 4,04% 0,00%

Values
PS 80H XG 100 10 15 4week;

PS_80H XG_100 40 15 4week;
PS_80H XG_500 20 15 4week;

PS 80H XG unpressurized 4week

Adj MS F-Value P-Value
0,000652 0,10 0,995
0,006633

R-sqg(pred)
0,00%
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General Linear Model: 3rd Peak Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4dweek;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 6,558 1,0929 1,15 0,384

Error 14 13,268 0,9477

Total 20 19,825

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,973494 33,08% 4,40% 0,00%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 168,694 28,1157 44,49 0,000

Error 14 8,847 0,6319

Total 20 177,541

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,794942 95,02% 92,88% 88,79%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 321,41 53,568 9,90 0,000

Error 14 75,74 5,410

Total 20 397,15

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
2,32594 80,93% 72,76% 57,09%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,7992 0,29987 7,33 0,001

Error 14 0,5725 0,04090

Total 20 2,3718

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,202228 175,86% 65,51% 45,68%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 26813 4469 1,25 0,342

Error 14 50246 3589

Total 20 77059

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
59,9085 34,79% 6,85% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values
Sample Name Fixed 7 PS 80H XG 100 10 15 4week;
PS 80H XG 100 20 15 4week;
PS_80H_XG 100_40_15_ 4week;
PS 80H XG 500 10 15 4week;
PS_80H XG 500_20_ 15 4week;
PS 80H XG 500 40 15 4week;
PS 80H XG unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,82761 0,137935 20,01 0,000

Error 14 0,09370 0,006693

Total 20 0,92131

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
0,0818091 89,83% 85,47% 77,12%

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 40 15 4week 3 14,6743 A

PS 80H XG 100 20 15 4week 3 8,3636 B

PS 80H XG 500 20 15 4week 3 8,1301 B

PS 80H XG unpressurized 4week 3 7,5454 B

PS 80H XG 100 10 15 4week 3 7,0618 B C
PS 80H XG 500 40 15 4week 3 6,9815 B C
PS 80H XG 500 10 15 4week 3 5,2553 C

141



Means that do not share a letter are significantly different.

Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 500_10_ 15 4week 3 84,8344 A
PS 80H XG 500_40_ 15 4week 3 83,4557 A
PS 80H XG 100 10 15 4week 3 82,7166 A
PS 80H XG 500 20 15 4week 3 81,6022 A
PS 80H XG 100 20 15 4week 3 81,5242 A
PS 80H XG unpressurized 4week 3 81,3969 A
PS 80H XG 100 40 15 4week 3 76,1888 B

Means that do not share a letter are significantly different.

Comparisons for D[3,2]

Tukey Pairwise Comparisons: Response = D[3,2], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG unpressurized 4week 3 13,6333 A

PS 80H XG 100 10 15 4week 3 10,1667 B

PS 80H XG 500 10 15 4week 3 9,9233 B

PS 80H XG 100 20 15 4week 3 8,8333 B C

PS 80H XG 500 40 15 4week 3 6,9667 C D

PS 80H XG 500 20 15 4week 3 6,5733 D

PS 80H XG 100 40 15 4week 3 4,1433 E

Means that do not share a letter are significantly different.
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Comparisons for D[4,3]

Tukey Pairwise Comparisons: Response = D[4,3], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 500 10 15 4week 3 34,1000 A

PS 80H XG 100 10 15 4week 3 33,8000 A

PS 80H XG unpressurized 4week 3 33,3667 A B

PS 80H XG 100 20 15 4week 3 32,4333 A B

PS 80H XG 500 40 15 4week 3 31,6000 A B

PS 80H XG 500 20 15 4week 3 27,0000 B C
PS 80H XG 100 40 15 4week 3 22,8667 C

Means that do not share a letter are significantly different.

Comparisons for Span
Tukey Pairwise Comparisons: Response = Span, Term = Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 10 15 4week 3 2,82900 A

PS 80H XG 500 10 15 4week 3 2,46367 A B

PS 80H XG 500 40 15 4week 3 2,33533 A B C
PS 80H XG unpressurized 4week 3 2,24067 B C
PS 80H XG 100 20 15 4week 3 2,22967 B C
PS 80H XG 500 20 15 4week 3 2,01933 B C
PS 80H XG 100 40 15 4week 3 1,84467 C

Means that do not share a letter are significantly different.
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Comparisons for SDC*1019

Tukey Pairwise Comparisons: Response = SDC*10/9, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS 80H XG 100 10 15 4week 3 1,73800 A

PS 80H XG unpressurized 4week 3 1,50520 B

PS 80H XG 500 20 15 4week 3 1,46000 B

PS 80H XG 500 40 15 4week 3 1,37170 B C

PS 80H XG 500 10 15 4week 3 1,21380 CcC D
PS 80H XG 100 40 15 4week 3 1,21143 cC D
PS 80H XG 100 20 15 4week 3 1,11580 D

Means that do not share a letter are significantly different.
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APPENDIX F
Comparison of SC Emulsion Samples at 1%t Day of Storage and Grouping

Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,3588 0,22647 5,21 0,005

Error 14 0,6091 0,04350

Total 20 1,9679

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,208578 69,05% 55,78% 30,36%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 4481,82
Error 14 69,81
Total 20 4551,63

Model Summary

S R-sg R-sg(adj)
2,23301 98,47% 97,81%

Values

PS_SC_100_10_15_Oweek; PS_SC_100_20_15_Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Adj MS F-Value P-Value
746,970 149,80 0,000
4,986

R-sqg(pred)
96,55%
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General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,02452 0,004087 1,08 0,420

Error 14 0,05300 0,003786

Total 20 0,07752

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,0615282 31,63% 2,33% 0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 4483,10
Error 14 94,57
Total 20 4577,67

Model Summary

S R-sg R-sg(adj)
2,59901 97,93% 97,05%

Values

PS_SC_100_10_15_Oweek; PS_SC_100_20_15_Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Adj MS F-Value P-Value
747,184 110,61 0,000
6,755

R-sqg(pred)
95, 35%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,000093 0,000016 1,23 0,349

Error 14 0,000177 0,000013

Total 20 0,000270

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,0035523 34,52% 6,46% 0,00%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,000555 0,000093 1,76 0,180

Error 14 0,000737 0,000053

Total 20 0,001293

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,0072572 42,96% 18,51% 0,00%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,004213 0,000702 0,73 0,631

Error 14 0,013413 0,000958

Total 20 0,017625

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,0309523 23,90% 0,00% 0,00%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 10716 1786 1,21 0,359

Error 14 20708 1479

Total 20 31424

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
38,4595 34,10% 5,86% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 Oweek; PS SC 100 20 15 Oweek;
PS SC 100 40 15 Oweek; PS _SC 500 10 15 Oweek;
PS SC 500 20 15 Oweek; PS SC 500 40 15 Oweek;
PS SC unpressurized Oweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,1175 0,01958 0,88 0,536

Error 14 0,3126 0,02233

Total 20 0,4300

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,149418 27,31% 0,00% 0,00%

Comparisons for a Melting T

Tukey Pairwise Comparisons: Response = a Melting T, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC unpressurized Oweek 3 45,1033 A

PS SC 100 40 15 Oweek 3 44,8733 A B
PS SC 100 20 15 Oweek 3 44,7900 A B
PS SC 500 40 15 Oweek 3 44,7367 A B
PS SC 100 10 15 Oweek 3 44,4900 B
PS SC 500 20 15 Oweek 3 44,4167 B
PS SC 500 10 15 Oweek 3 44,3400 B
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Means that do not share a letter are significantly different.

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping

PS SC unpressurized Oweek 3 54,2121 A

PS_SC_100_40_15 Oweek 3 38,3800 B

PS SC 100 20 15 Oweek 3 32,0337 c

PS_SC _500_40_15 Oweek 3 26,4267 C

PS SC 100 10 15 Oweek 3 15,3700 D

PS SC 500 _20_15 Oweek 3 13,8600
3

PS_SC_500 10 15 Oweek 9,9538 D

o

Means that do not share a letter are significantly different.

Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 500 10 15 Oweek 3 90,0462 A

PS SC 500 20 15 Oweek 3 86,1400 A

PS SC 100 10 15 Oweek 3 84,6300 A

PS SC 500 40 15 Oweek 3 71,5734 B

PS SC 100 _20 15 Oweek 3 67,9663 B C

PS SC 100 40 15 Oweek 3 61,6200 C

PS SC unpressurized Oweek 3 45,7879 D

Means that do not share a letter are significantly different.
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APPENDIX G
Comparison of SC Emulsion Samples at 8" Day of Storage and Grouping

Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 lweek;
PS SC 500 20 15 lweek; PS SC 500 40 15 lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,7066 0,11777 2,19 0,107

Error 14 0,7537 0,05383

Total 20 1,4603

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,232020 48,39% 26,27% 0,00%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek;
PS SC 100 40 15 1lweek;
PS SC 500 20 15 1lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value
Sample Name 6 268,66 44,777 35,31
Error 14 17,75 1,268
Total 20 286,42
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
1,12615 93,80% 91,14% 86,05%
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PS SC 100 20 15 lweek;
PS SC 500 10 15 lweek;
PS SC 500 40 15 lweek;



General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 1lweek;
PS SC 500 20 15 1lweek; PS _SC 500 40 15 lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,09556 0,015927 1,99 0,135

Error 14 0,11187 0,007990

Total 20 0,20743

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
0,0893895 46,07% 22,96% 0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek;
PS SC 100 40 15 1lweek;
PS SC 500 20 15 1lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value
Sample Name 6 268,66 44,777 35,31
Error 14 17,75 1,268
Total 20 286,42
Model Summary
S R-sqg R-sg(adj) R-sg(pred)
1,12615 93,80% 91,14% 86,05%
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PS SC 100 20 15 lweek;
PS SC 500 10 15 lweek;
PS SC 500 40 15 lweek;



General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,000007
Error 14 0,000028
Total 20 0,000035

Model Summary

S R-sqg R-sg(adj)
0,0014142 20,54% 0,00%

Values

PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 1lweek;
PS SC 500 20 15 1lweek; PS _SC 500 40 15 lweek;
PS SC unpressurized lweek

Adj MS F-Value
0,000001 0,60
0,000002

R-sg(pred)
0,00%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 1lweek;
PS SC 500 20 15 1lweek; PS _SC 500 40 15 lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,000494 0,000082 2,81 0,052

Error 14 0,000409 0,000029

Total 20 0,000903

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
0,0054072 54,68% 35,25% 0,00%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 1lweek;
PS SC 500 20 15 1lweek; PS _SC 500 40 15 lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,00966 0,011609 4,81 0,007

Error 14 0,03378 0,002413

Total 20 0,10344

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
0,0491242 67,34% 53,34% 26,51%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 1lweek;
PS SC 500 20 15 1lweek; PS _SC 500 40 15 lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 16463 2744 1,19 0,368

Error 14 32404 2315

Total 20 48867

Model Summary

S R-sqg R-sg(adj) R-sg(pred)
48,1097 33,69% 5,27% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 lweek; PS SC 100 20 15 lweek;
PS SC 100 40 15 lweek; PS SC 500 10 15 1lweek;
PS SC 500 20 15 1lweek; PS _SC 500 40 15 lweek;
PS SC unpressurized lweek

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,1361 0,02268 1,46 0,260

Error 14 0,2170 0,01550

Total 20 0,3531

Model Summary

S R-sqg R-sg(adj) R-sqg(pred)
0,124494 38,54% 12,21% 0,00%

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC unpressurized lweek 3 17,4381 A
PS SC 100 20 15 lweek 3 15,8767 A
PS SC 100 40 15 1lweek 3 15,1700 A
PS SC 100 10 15 1lweek 3 14,5167 A
PS SC 500 40 15 lweek 3 10,5594 B
PS SC 500 10 15 lweek 3 8,7100 B
PS SC 500 20 15 lweek 3 7,4833 B

Means that do not share a letter are significantly different.
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Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 500 20 15 1lweek 3 92,5167 A
PS SC 500 10 15 1lweek 3 91,2900 A
PS SC 500 40 15 1lweek 3 89,4406 A
PS SC 100 10 15 1lweek 3 85,4833
PS SC 100 40 15 1lweek 3 84,8300
PS SC 100 20 15 lweek 3 84,1233
PS SC unpressurized lweek 3 82,5619

W www

Means that do not share a letter are significantly different.

Comparisons for Span
Tukey Pairwise Comparisons: Response = Span, Term = Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 500 40 15 lweek 3 1,81267 A

PS SC 100 20 15 1lweek 3 1,69200 A B
PS SC unpressurized lweek 3 1,66267 B
PS SC 500 10 15 1lweek 3 1,65800 B
PS SC 100 10 15 lweek 3 1,65567 B
PS SC 100 40 15 1lweek 3 1,64300 B
PS SC 500 20 15 lweek 3 1,62767 B

Means that do not share a letter are significantly different.
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APPENDIX H
Comparison of SC Emulsion Samples at 14" Day of Storage and Grouping

Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 2week; PS SC 100 20 15 2week;
PS SC 100 40 15 2week; PS SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,08631 0,01439 0,43 0,850

Error 14 0,47267 0,03376

Total 20 0,55898

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,183744 15,44% 0,00% 0,00%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 2week; PS SC 100 20 15 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 150,23 25,039 12,01 0,000

Error 14 29,19 2,085

Total 20 179,42

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
1,44400 83,73% 76,76% 63,39%
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General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,01407
Error 14 0,08333
Total 20 0,09740

Model Summary

S R-sg R-sg(adj)
0,0771517 14,44% 0,00%

Values

PS_SC_100_10_15_2week; PS_SC_100_20_15_Z2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Adj MS F-Value P-Value
0,002344 0,39 0,871
0,005952
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 2week; PS SC 100 20 15 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 150,23 25,039 12,01 0,000

Error 14 29,19 2,085

Total 20 179,42

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
1,44400 83,73% 76,76% 63,39%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,000583
Error 14 0,000721
Total 20 0,001304

Model Summary

S R-sg R-sg(adj)
0,0071747 44,73% 21,04%

Values

PS_SC_100_10_15_ 2week; PS_SC_100_20_15_ 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Adj MS F-Value P-Value
0,000097 1,89 0,153
0,000051

R-sqg(pred)
0,00%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,20749
Error 14 0,01689
Total 20 0,22437

Model Summary

S R-sq R-sqg(adj)
0,034729%96 92,47% 89,25%

Values

PS _SC_100_10_15 2week; PS_SC_100_20_15 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Adj MS F-Value P-Value
0,034581 28,67 0,000
0,001206

R-sg(pred)
83,07%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 2week; PS SC 100 20 15 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 1,1715 0,19525 10,29 0,000

Error 14 00,2656 0,01897

Total 20 1,4371

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,137737 81,52% 73,60% 58,42%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 2week; PS SC 100 20 15 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 13570 2262 0,78 0,598

Error 14 40539 2896

Total 20 54109

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
53,8109 25,08% 0,00% 0,00%
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General Linear Model: SDC*10/9 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 2week; PS SC 100 20 15 2week;
PS SC 100 40 15 2week; PS _SC 500 10 15 2week;
PS SC 500 20 15 2week; PS SC 500 40 15 2week;
PS SC unpressurized 2week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,1069 0,01782 1,41 0,278

Error 14 0,1768 0,01263

Total 20 0,2837

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,112382 37,68% 10, 98% 0,00%

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 100 40 15 2week 3 18,0361 A

PS SC 500 10 15 2week 3 13,4233 B

PS SC unpressurized 2week 3 13,1205 B C
PS SC 500 20 15 2week 3 12,4367 B C
PS SC 100 10 15 2week 3 11,8033 B C
PS SC 100 20 15 2week 3 9,9367 B C
PS SC 500 40 15 2week 3 9,1600 Cc
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Means that do not share a letter are significantly different.

Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS_SC _500_40_15 2week 3 90,8400 A
PS_SC_100_20_15 2week 3 90,0633 A B

PS SC 100 10 15 2week 3 88,1967 A B
PS_SC _500_20_15 2week 3 87,5633 A B

PS SC unpressurized 2week 3 86,8795 A B

PS SC 500 10 15 2week 3 86,5767 B

PS SC 100 40 15 2week 3 81,9639 C

Means that do not share a letter are significantly different.

Comparisons for D[4,3]

Tukey Pairwise Comparisons: Response = D[4,3], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 100 10 15 2week 3 0,732000 A

PS SC unpressurized 2week 3 0,539333 B

PS SC 500 _20_15 2week 3 0,514667 B

PS SC 500 10 15 2week 3 0,500333 B

PS SC 500 _40_15 2week 3 0,465667 B C
PS SC 100 40 15 2week 3 0,464667 B C
PS SC 100 _20_15 2week 3 0,387333 C

Means that do not share a letter are significantly different.
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Comparisons for Span
Tukey Pairwise Comparisons: Response = Span, Term = Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 500 20 15 2week 32,7770 A

PS SC 500 10 15 2week 32,7400 A B

PS SC 100 10 15 2week 3 2,5875 A B C

PS SC unpressurized 2week 3 2,4125 A B C D
PS SC 500 40 15 2week 32,3675 B C D
PS SC 100 40 15 2week 32,2210 C D
PS SC 100 20 15 2week 32,1030 D

Means that do not share a letter are significantly different.
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APPENDIX |
Comparison of SC Emulsion Samples at 28" Day of Storage and Grouping

Information

General Linear Model: a Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS _SC 100 10 15 4week; PS SC 100 20 15 4week;
PS SC 100 40 15 4week; PS SC 500 10 15 4week;
PS SC 500 20_15 4week; PS_SC_500_40_ 15 4week;
PS SC unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,3118 0,05196 2,82 0,051

Error 14 0,2578 0,01841

Total 20 0,5696

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
0,135699 54,74% 35, 34% 0,00%
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General Linear Model: a Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS_SC 100 10 15 4week; PS SC 100 20 15 4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 217,09 36,182 25,26 0,000

Error 14 20,05 1,432

Total 20 237,14

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
1,19679 91,54% 87,92% 80,97%
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General Linear Model: B Melting T versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,04076
Error 14 0,06107
Total 20 0,10183

Model Summary

S R-sg R-sg(adj)
0,0660447 40,03% 14,33%

Values

PS_SC_100_10_15_4week; PS_SC_100_20_15_A4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week

Adj MS F-Value P-Value
0,006794 1,56 0,231
0,004362

R-sqg(pred)
0,00%
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General Linear Model: B Content versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 4week; PS SC 100 20 15 4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 217,09 36,182 25,26 0,000

Error 14 20,05 1,432

Total 20 237,14

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
1,19679 91,54% 87,92% 80,97%
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General Linear Model: D[3,2] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,000049
Error 14 0,000130
Total 20 0,000179

Model Summary

S R-sg R-sg(adj)
0,0030472 27,43% 0,00%

Values

PS_SC_100_10_15_4week; PS_SC_100_20_15_ 4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week

Adj MS F-Value P-Value
0,000008 0,88 0,533
0,000009

R-sqg(pred)
0,00%
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General Linear Model: D[4,3] versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,005641
Error 14 0,002355
Total 20 0,007996

Model Summary

S R-sg R-sg(adj)
0,0129688 70,55% 57,93%

Values

PS SC 100 10 15 4week; PS SC 100 20 15 4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week

Adj MS F-Value P-Value
0,000940 5,59 0,004
0,000168

R-sg(pred)
33,74%
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General Linear Model: Span versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels
Sample Name Fixed 7

Analysis of Variance

Source DF Adj SS

Sample Name 6 0,003479
Error 14 0,002799
Total 20 0,006278

Model Summary

S R-sg R-sg(adj)
0,0141396 55,41% 36,30%

Values

PS_SC_100_10_15_4week; PS_SC_100_20_15_4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS_SC 500 40 15 4week;
PS SC unpressurized 4week

Adj MS F-Value P-Value
0,000580 2,90 0,047
0,000200

R-sqg(pred)
0,00%
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General Linear Model: T2 versus Sample Name

Method

Factor coding (-1; 0; +1)

Factor Information

Factor Type Levels Values

Sample Name Fixed 7 PS SC 100 10 15 4week; PS SC 100 20 15 4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 9799 1633 1,48 0,255

Error 14 15442 1103

Total 20 25242

Model Summary

S R-sg R-sg(adj) R-sqg(pred)
33,2119 38,82% 12,60% 0,00%

184



General Linear Model: SDC*10/9 versus Sample Name

Method
Factor coding (-1; 0; +1)
Factor Information
Factor Type Levels Values
Sample Name Fixed 7 PS SC 100 10 15 4week; PS SC 100 20 15 4week;
PS SC 100 40 15 4week; PS _SC 500 10 15 4dweek;
PS SC 500 20 15 4week; PS SC 500 40 15 4week;
PS SC unpressurized 4week
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Sample Name 6 0,2080 0,03466 2,22 0,103
Error 14 0,2187 0,01562
Total 20 00,4267
Model Summary
S R-sg R-sg(adj) R-sqg(pred)
0,124991 48,74% 26,77% 0,00%

Comparisons for a Content

Tukey Pairwise Comparisons: Response = a Content, Term = Sample

Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean
PS SC 100 10 15 4week 3 16,8767
PS SC 100 40 15 4week 3 15,0233
PS SC 100 20 15 4week 3 14,0626
PS SC unpressurized 4week 3 13,7100
PS SC 500 40 15 4week 3 9,1647
PS SC 500 10 15 4week 3 8,8351
PS SC 500 20 15 4week 3 8,1672
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Means that do not share a letter are significantly different.

Comparisons for 8 Content

Tukey Pairwise Comparisons: Response = 3 Content, Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS_SC _500_20_15 4week 3 91,8328 A
PS_SC _500_10_15 4week 3 91,1649 A
PS SC 500 40 15 4week 3 90,8353 A
PS SC unpressurized 4week 3 86,2900 B
PS SC 100 20 15 4week 3 85,9374 B
PS SC 100 _40_15 4week 3 84,9767 B
PS SC 100 10 15 4week 3 83,1233 B

Means that do not share a letter are significantly different.

Comparisons for D[4,3]

Tukey Pairwise Comparisons: Response = D[4,3], Term = Sample
Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 100 20 15 4week 3 0,326000 A

PS SC 100 40 15 4week 3 0,286667 B
PS SC 500 40 15 4week 3 0,284000 B
PS SC 100 10 15 4week 3 0,283000 B
PS SC 500 20 15 4week 3 0,281667 B
PS SC unpressurized 4week 3 0,275667 B
PS SC 500 10 15 4week 3 0,273667 B

Means that do not share a letter are significantly different.

186



Comparisons for Span
Tukey Pairwise Comparisons: Response = Span, Term = Sample Name

Grouping Information Using the Tukey Method and 95% Confidence

Sample Name N Mean Grouping
PS SC 100 20 15 4week 3 1,7465
PS SC 500 40 15 4week 3 1,7310
PS SC 500 20 15 4week 31,7300
PS SC 100 40 15 4week 3 1,7290
PS SC 500 10 15 4week 3 1,7265
PS SC 100 10 15 4week 31,7180

3

PS SC unpressurized 4week 1,7010

i
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Means that do not share a letter are significantly different.
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