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De «a-tending emulgator glycerollactopalmitaat (GLP) kan
beneden de kristallisatietemperatuur een stabiele a-gelfase
vormen in de aanwezigheid van water.

Dit proefschrift,

De vergelijking, die Sebba tracht te maken tussen de fysische
analogie wvan de structuur van een waterig schuim en die van
levende cellen, is bijzonder hachelijk.

F. Sebba, Foams and 8iliquid Foams-Aphrons, Ed : Wiley and Soms, (1987).

Agglomeratie van vetbolletjes in toppings, die een relatief
hoog gehalte aan GIP op vetbasis bevatten, hangt nauw samen
met de vorming van een a-gelfase op het o/w-grensvlak van de
deeltjes.

Dit proefschrift.

Een emulgatormengsel dat beneden de kristallisatietemperatuur
van de koolwaterstofketens een c-gelfase kan vormen met water
kan dit onafhankelijk doen van het feit of dit mengsel boven
de kristallisatietemperatuur mesomorfe fasen vormt met water.
Dit proefschrift.

Hoewel men in de levensmiddelenindustrie graag zou beschikken
over vetongevoelige eiwitschuimen, lijkt dit vanuit fundamen-
teel oocgpunt, althans voorlopig, geen haalbare zaak.

N.a.v. De 23% themadag georganiseerd door de NRLO : luchtige kevensmiddeten, hun be-
reiding en eigenschappen, (1987).

De veronderstelling dat amorfe lactose bij bevochtiging met
water beneden 93.5°C practisch alleen in a-lactose monohy-
draat overgaat is aan bedenkingen onderhevig.

Zie bv. P, Morrissey, Imn : Developments in Dairy Chemistry-3. , Ed : P.F. Fox,
Elsevier Applied Science Publishers, (1985).

Het aantreffen van troebelingen in bier kan ondermeer worden
vercorzaakt door schuimvorming in de fles.

Op grond van resultaten bereikt met pulse NMR aan topping—
poeders mogen Barfod en Krog niet concluderen dat geadsor-
beerde eiwitten de kristallisatie van het vet/emulgator-
mengsel in de gedispergeerde deeltjes onderdrukken.
N.M. Barfod en N. Krog, J. Am. 9il, Chem. Soc. , &4, 112-119, (1987},

Eén en dezelfde emulgator kan zowel schuim stabiliserend als
destabiliserend werken.
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Om de eigenschappen van levensmiddelen, die bestaan uit
complexen van biopolymeren, beter te kunnen begrijpen,
verdient het de aanbeveling een integratie te bewerkstelligen
tussen levensmiddelenfysica en -chemie.

Het succes van technologische vernieuwing staat of valt met
de betrokkenheid van de werknemers.,

Golf maakt een goede kans om uit te groeien tot een naticnale
sport, indien er geen haast gemaakt wordt met het oplossen
van onze afvalproblematiek.

Uitgerekend op rekencentra lijkt men in de toekomst te zijn
uitgerekend.

Stellingen behorende bij het proefschrift " Contribution of the a-
gel phase to the stability of whippable emulsions " door J.M.M.
Westerbeek, 24 februari 1989 te Wageningen.
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ABSTRACT

Westerbeek, J.M.M. {(1989). Cantribution of the a-gel phase to the
stability of whippable emulsions. FPh.D. thesis, Wageningen
Agricultural University (209 pp, English and Dutch summaries).

Key words : a-tending emulsifiers, structure formation, whippable

emulsions, a-gel phase.

The mechanism which explains extensive particle aggregation
in topping emulsions, that contain a relatively large amount of
the @-tending emulsifier glycerol lacto palmitate (GLP), was
studied.

From x-ray and neutron diffraction and from differential
scanning calorimetry it appeared that GLP forms an a-gel phase
with water belocw the crystallization temperature of the emulsi-
fier. From this phase study it was concluded that the process of
particle aggregation in these emulsions is a result of the for-
mation of this a-gel phase at the o/w-interface of the dispersed
particles.

The results of both bulk and surface rheological experiments,
performed with these emulsicns, are discussed in relation to the
physical properties of these systems. The results are interpreted
by assuming that the phyzical properties of these whippable
emulsions are determined by the formation of this a-gel phase at

the interface of the fat particles.
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1 INTRODUCTION.

1.1 GENERAL INTRODUCTION

Nowadays, emulsions are produced by the food industry, the
cosmetic and pharmaceutical industry for the consumer market and
by chemical industries for technical applications. Emulsions con-
sist of two immiscible fluids in which one liquid is dispersed in
the other. The fact that either the water phase or the oil phase
is the continucus phase determines whether these systems are
called oil-in-water emulsicns or water-in-oil emulsions or briefly
o/w-emulsions and w/c-emulsions.

Emulsions may contain an oil fraction which crystallizes
partly or completely below a certain temperature. Consequently the
question rises, whether such systems may still be referred to as
emulsions. However, since these dispersions originate from real
emulsions, we shall also call these systems o/w-emulsions or w/o-
emulsions. In fact, o0il means the non-polar phase of the system
which can be in the liquid or in the solid state.

Usually emulsions need to have specific rheological proper-
ties which depend on their applicaticns. Sometimes consumers want
emulsions to have solid or semi-solid properties, like cosmetic
creams or, in the case of foodstuffs, e.g. whipped cream or
butter. Other products should behave like a liquid as in the case
of for example body milk. The rheological properties of solid-like
emulsions are closely related to the presence or absence of some
kind of network structure in the product. Network formation may
take place in the continuous phase on a melecular level, like in
cosmetic or pharmaceutical creams ( for example Barry, 1975 ). In
food systems often some kind of aggregation mechanism of the
dispersed particles occurs, as is the case with dairy whipping
cream or with products, like ice-cream and whipped topping.

Whipped cream or whipped topping should always have solid-
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like properties, because the aerated product has to be stable
against flow for a long period of time. Solid behaviour of a
product may be obtained either by means of a yield stress or by
means of a relatively high viscosity. An example of a semi-solid
foodstuff which does not have a measurable yield stress but which
has a very high matrix viscosity is, according to Luyten (1988)
Gouda cheese. In the case of whipped products a yield stress,
caused by the presence of a particle network is usually the way to
prevent the product from flowing. Another way to obtain a yield
stress in a whipped product is producing a feoam having a high
overrun in combination with small air bubbles ( Princen, 1985 ).
This is partly the explanation for the firmness of whipped eqg
white.

Food technologists have tried to imitate a product, 1like
whipped cream, in the form of topping powders for several reasons.
First of all they wanted to produce whippable emulsions with a low
fat content, probably for economical as well as nutritional
reasons. Secondly they strived for reproducible whipping
properties. Thirdly they wanted to give such products a longer
shelf life. Furthermore, the whigped product shculd be stable at
temperatures below 0°C. Finally which is of minor importance, by
the production of powders costs of transport could be lowered. In
order to fulfil these requirements food technolegists were obliged
to add specific emulsifiers and stabilizers to the foermulations of
these topping emulsions.

Krog (1977) and Andreasen (198l1) studied the physical
properties of these newly-developed whippable products, but it can
be stated that the origin of these properties is still poorly
understood. This thesis will deal with the formation of network
structures consisting of aggregated fat particles in topping
emalsions. Since these dispersions always are o/w-emulsions, we
will disregard w/o-emulsions. Especially the role of structure
inducing emulsifiers is subject of this study. Therefore we will
now go into further detail on the concept of the stability of an

emulsion and the function of the added surfactants.
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1.2 THE FUNCTICN OF EMULSIFIERS IN WHIPPED EMULSIONS.

When speaking of emulsions distinction should be made between
microemulsions and macroemulsions. Macroemulsions are always
unstable systems from a thermodynamical point of wview, whereas
microemulsions are stable systems that are being formed
spontaneously. Macroemulsions can only be obtained by the input of
energy. During homogenization free energy is accumulated in the
interfaces that are formed. Since every system strives for the
lowest possible free energy, break-down of an o/w-emulsion through
coalescence 1is energetically the most favourable condition.
However, this destabilization process does not necessarily have to
occur. It depends on the type and concentration of certain
stabilizing agents present, whether an emulsion may have a life
time, varyving from a few seconds to several years. The emulsions

that are dealt with in this thesis are macroemulsions.

a0

1. FLOCCULATION

2. CLUSTERING
:

3. COALESCENCE

ab

4. PARTIAL COALESCENCE

Figure 1.1 : Schematic representation of the major destabilization mechanisms for the
dispersed phase of an emulsion.

In principle, emulsions are unstable, but this instability
may manifest itself in different ways. Therefore it is important
to define the term instability in a proper way. When the expres-
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sion instability of an emulsion is used in this thesis, it is
meant that the dispersed particles undergo a kind of aggregation
process. The major possible destabilization processes of an emul-
sion have been visualized in figure 1.1 according to Mulder and
Walstra (1974) :

* The droplets may flocculate. In this case the particles
aggregate, but they Kkeep their own identity. Usually this
type of aggregates can be redispersed without great effort.

* The droplets may form clusters, meaning that the particles
also keep their individual identity, but they share the same
interfacial layer. It is more difficult to redisperse these
aggregates.

* The droplets may undergo coalescence. This process leads to
the formation of an emulsion with larger droplets and this
process may eventually lead to complete phase separation.

* The droplets may form clumps as a result of partial coa-
lescence. This process can only occur in emulsions which
contain crystals in the dispersed phase. When these crystals
are able to pierce the thin liquid film between twe globules,
coalescence is likely to occur. The presence or absence of a
crystal network in the globules will determine, whether
clumps will bhe formed or the droplets will coalesce. This
mechanism has been studied by van Boekel (1980).

It is common knowledge that the stability of an emulsion
against aggregation of the dispersed particles is determined by
the presence of emulsifiers. These molecules have amphiphilie
properties, meaning that they contain both hydrophilic and
hydrophobic parts. An important distinction should be made between
emulsifiers, according to the fact, whether they contain ionic
groups or not. If these molecules contain an acid or basic group,
they are called anionics or kationics, whereas neutral emulsifiers
are called nonionics.

Emulsifiers have several important functions in emulsions.
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They are able to lower the interfacial tension by means of
adsorption., Ionic¢ emulsifiers may stabilize an emulsion against
aggregation by means of electrostatic repulsicn and in the case of
polymers steric repulsion may give an important additional effect.
Nonionics can only stabilize an emulsion against particle aggre-
gation by means of steric repulsion. Furthermore, the presence of
adsorbed emulsifiers may enhance emulsion stability against coa-
lescence by the occurrence of a surface tension gradient, when two
dispersed particles closely meet each other.

In whipped toppings both proteins and ncnionics of low-
molecular weight are used as stabilizing agents. Tt is believed
that these molecules play an important role in the formation
process of a stable topping emulsion. However, nonionics have
anocther, more important function. These additives have a large
promoting influence on particle aggregation according to e.g. Krog
(1977) or Andreasen (1981). Lipophilic, so-called o-tending emul-
sifiers, like propylene glycol monostearate ( PGMS ), acetylated
monoglycerides ( ACTM ) or lactylated monoglycerides ( GLP ) are
especially effective in promoting aggregation of fat globules. The
a-tending emulsifiers are non-polymorphic and they can only exist
in the a-crystalline form below their welting point { e.g. :
Schuster, 1985 ; Andreasen, 1981 and Krog, 1975 ).

It is not understood what mechanism is responsible for this
aggregation process. Krog {1977) suggested that proteins, which
are usually present in whipped toppings, are loosely bound by
hydrogen bonds to the polar head groups of the c-~tending emulsi-
fiers adsorbed at the o/w-interface. This protein film is there-
fore easily swept off during the whipping process, resulting in
increased agglomeration of the fat globules. However, in our
opinion this explanation is not very satisfactory, since toppings
that contain comparable amounts of saturated monoglycerides are
not sensitive to structure formation according to Andreasen
(1981) .

Some authors suggested that the o-tending properties of these
emulsifiers may be closely related to foam stability. It is
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believed that these emulsifiers are able to form a rigid o-
crystalline film at the interface of the fat glcbules { Wootton,
1967 and Andreasen, 1981 ). However, the fact that these molecules
are able to form such interfacial films does not necessarily imply
that these molecules should have structure promoting properties.

Recently, Buchheir and Krog (1985) suggested that clumping
may well be the mechanism, which causes the occurrence of fat
particle aggregation in topping emulsicns. It is true indeed that
crystallization phenomena play an important role in the formation
of a particle network in whippable toppings. Like in whipped
cream, the network probably consists of partly crystallized oil
droplets., However, since toppings, which contain relatively large
amounts of an e-tending emulsifier, do not churn during whipping,
it seems 1likely that another mechanism is responsible for these
kind of systems. Thus for a better understanding of the physical
behaviour of these toppings it seems to be important to elucidate
the micro structure of these whippable systems.

1.3 OUTLINE OF THIS THESIS

Since the occurrence of structure formatien in a whippable
emulsion is of great importance for its practical application,
more knowledge on the mechanism that may explain fat particle
aggregation induced by a-tending emulsifiers is necessary. In this
thesis the physical behaviour of glycerol lacto palmitate ( GLP ),
as an example of an a-tending emulsifier, is the central theme of
study. Our aim has been to prcopose a satisfying mechanism for the
structure formation in whippable emulsions containing an a-tending
emulsifier.

The structure formation itself has been investigated with
microscopical methods. Since phase behaviour of emulsifiers is
often an important parameter in the stability of emulsions and
since this effect is always linked with crystallization phenomena
of both the oil phase and the emulsifier itself, diffraction tech-
niques and differential scanning calorimetry have been used to
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elucidate the microstructure of the fat particle network. Further-
more it has been tried to relate the physical properties of this
network structure to the bulk and surface rheological behaviour of

these structured systems.
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2 MATERTAIS AND METHODS

2.1 CHARACTERIZATION OF MATERIAIS.

2.1.1 Glycerol lacto palmitate ( GLP )

Glycerol lacto palmitate ( GLP ) was purchased from Grind-
sted, Denmark. The sample is a complex mixture of monec-, di- and
triglycerides. Glycerol molecules are esterified both with
palmitic acid and lactic acid. According te the supplier the
product contains about 15% lactic acid. Its crystallization and
melting properties are represented in chapter 5.

2.1.2 Acetylated monoglycerides ( ACIM )

Acetylated monoglycerides were also obtained from Grindsted
products, Dermark. This sample consists of a complex mixture of
meno- di- and triglycerides of palmitic acid and acetic acid. Its

melting properties are represented in chapter 5.
2.1.3 Sodium caseinate ( Nacas )

Sodium caseinate was cbtained from DMV Campina, Veghel, The
Netherlands. This sample is a spray-dried milk protein powder con-
taining 94.5% protein ( N X 6.38 ) on moisture free basis, 5.2%
moisture, 4.1% ash and 0.8% fat. The pH of a 10% solution at 20°C
is 6.7.

2.1.4 Hardened coconut oil ( HCNO )
The sample was purchased from Vandemcortele, Oudenbosch, The

Netherlands. The average relative fatty acid composition of

coconut. fat is : Cg =8% , Cyn = 6% , Cyp = 47% , Cyy = 18% ,
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Cig = 9% and Cyg = 12%. The melting point of the fat is about
32°C. The crystallization curve is shown in chapter 5.

2.1.5 Soybean oil ( SBO )

Soybean o0il ( Reddyl ) was purchased from Vandemoortele,
Oudenbosch, The Netherlands. According to the supplier it is a
product of 100% vegetable origin, containing about 54-64% mul-
tiple, unsaturated fatty acids.

2.1.6 Medium chain length triglycerides ( MCTO )

MCT-oil was purchased from Cargill bv, The Netherlands. The
crystallization temperature is lower than -20°C. With GIC the
fatty acid composition was determined teo be : Cg = 57.9% ,
Cyg = 41.6% and C;, = 0.5%.

2.1.7 Hardened Palm Kernel oil ( HPO )

HPO was purchased from Friwessa, Wormerveer, The Netherlands.
With BSC it was found that the fat melts between 55°C and 70°C.
The fatty acid composition was determined with GLC, giving the
following results : Cys = 0.3% , Cy4 = 1.1% , Cyg = 41.0% , Cig.g
= 49.7% , Cyg:q = 7.0% , C1g.p = 0.3% and Cyq = 0.6%.

2.1.8 Tripalmitin ( GTP )

GTP was purchased from Fluka. The sample had a GLC purity of

95%. The crystallization curve is shown in chapter 5.
2.1.9 Glucose syrup
Glucose syrup was obtained from Cerestar, The Netherlands. It

iz a combined acid/enzymatic hydrolysed corn starch of which the

mean DE = 35%.
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2.1.10 Demineralized water

Unless mentioned otherwise, all experiments have been per—

formed with demineralized water.

2.2 METHODS

2.2.1 Sample preparaticn
2.2.1.1 Preparation of emulsions and gels

o/w—emulsions ( usually 1000 grams ) were prepared as
follows. In the case of emulsifier dispersions the desired amount
of emulsifier was added in the melted state to an aqueous solution
of sodium caseinate at 70°C under stirring conditions. In the case
of emulsions the emulsifier/fat mixture was melted and was added
to the hot protein solution. Some samples were prepared in
2.0 mMol phesphate buffers instead of using sodium caseinate. When
high concentrations of caseinate were applied, say more than 3%
{ w/w ), the dry protein powder was dispersed directly in the
melted emulsifier sample. This protein/emulsifier mixture was
added to the water phase in the homogenization vessel.

The sample was pre-emulsified by stirring with a vibrating
perforated plate during 7 minutes and subsequently this mixture
was homogenized at a constant pressure of 100 atmosphere at 70°C
in a high-pressure homogenizer ( Rannie, 100 l/hr }. First, the
working volume of the apparatus was prewashed with an emulsion
having the same composition as the sample to be prepared. To
obtain a small size distribution of the emulsion droplets, the
emulsion was ceontinuously recycled during homogenization over a
period of 20 minutes ( Melsen, 1987 ). Evaporation of water was
prevented as good as possible by performing emulsification in an
almost completely closed homogenizing apparatus. After preparation
of the emulsions, the samples were collected and weighed. The

weight of the samples was always larger than 990 grams. Small
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losses of water, caused by evaporation, could not be prevented
conmpletely.

If necessary, the samples were diluted to a desired dispersed
phase concentration. Unless mentioned otherwise, the emulsions
were subsequently cooled down to room temperature. Dependent on
the dispersed phase level the samples would remain in the liquid
state or would turn into gels as a result of particle aggregation.

2.2.1.2 Preparation of topping powders.

The emulsions were prepared as described above, though the
samples were more concentrated. The emulsions contained 30%
dispersed phase { w/w ), 5% sodium caseinate, 15% glucose syrup
and 50% demineralized water. The emulsions were spray-dried with
an A/S NIRO Atomizer, comparable to the procedure described by
Barfod and Krog (19287). Then the powders were stored at room
temperature for DSC experiments or for diffraction studies. These
powders appeared to be very stable against polymorphic transitions
of the crystallized o-terding emulsifiers.,

2.2.1.3 Preparation of a freeze-dried GLP powder.

Melted GLP was mixed with demineralized water at a tempera-
ture of about 60°C with a Sorvall mixing apparatus. During this
mixing procedure the sample was gradually cooled down to a
temperature below the crystallization point of the emulsifier
mixture. Then the obtained GLP gel was freeze-dried and stored at

room temperature.
2.2.2 Light Microscopy

Structure formation in dispersions was investigated with a
Zeiss Axiomat microscope by using both ordinary light and polari-
zation microscopy. With the latter technigque information about the

orientation of crystals in globules can be obtained ( Walstra,
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1967 ). Normally, a magnification of 1000x was used and at this
magnification a drop of paraffin cil was brought between obkject
and objective.

Some experiments have been performed with a Jena Peraval
interphako microscope, equipped with a special heating-ceoling
stage, thermostatted to an accuracy of * 0.5°C ( See section
5.2.2 ).

2.2.3 Scanning electron microscopy {( SEM )

The samples were investigated with the cryo-SEM technique
partly developed at TFDL, Wageningen, The Netherlands. Some
samples were cryo-protected, with glycerol in the water phase.
Formation of ice crystals could be minimized by applying a fast
freezing technique ( Vp > 10.000 K/s ). Therefore these samples
were not cryo—protected.

A gel sample was brought inte a small sample cup ( inside
diameter = 2 mm ) with a sample height of about 4mm. The sample
was frozen in nitrogen slush at a vacuum of 1073 Pa. Then the
sample was transferred under vacuum condition tc the freeze etch
chamber of the microtome. The sample was fractured with a cold
knife and freeze etched for 5 minutes at a temperature of 173 K in
order to sublimate scme water from the fractured surface of the
sample. Then a gold layer was sputtered upon the surface of the
sample and it was transferred to the scanning electron microscope
under vacuum condition. SEM observations were performed with a
Jeol 35C Scanning Electron Microscope.

2.2.4 X-ray diffraction

X-ray diffraction has been performed both on spray-dried
powder samples and gels, containing o-tending emulsifiers. The
powder samples were dispersed in demineralized water the day
before the x-ray diffraction experiments. The time between

preparation of the gel samples and x-ray diffraction varied from a
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few days up te several weeks. These samples were stored in a
refrigerator at a temperature of 4°C. Furthermore, 100 ppm
thiomersal were added to the emulsion as a preservative directly
after sample preparation. From the experiments performed the GLP
gels appeared to be stable over a longer period of time ( 1-2
months ) both from microbial and physical point of view.

Three different x-ray diffraction apparatuses have been used
for the measurements of the short and long spacings. Wide angle
and small angle x-ray diffraction will freguently be abbreviated
as WAXD and SAXD. Most WAXD and SAXD experiments were performed at
room temperature with a Kiessig camera ({ Ni-filtered CuKa-
radiation of wavelength )\ = 1.5418A ) using photographic detec-
tion. The gels were put into small glass capillaries ( ¢ipgide =
1.0 mm ) with a wall thickness of about 0.01 mm. Experimentally,
it has been proved that no Bragg reflections could be detected,
caused by scattering from this capillary. When this type of
detection technique was used, relatively long measuring times
( about 24 hours } were necessary in order to ocbtain strong
signals for the long spacings of the samples. When WAXD experi-
ments were performed, the samples were exposed to radiation only
during a period of 1 ~ 4 hours., In the case of WAXD experiments a
sample/photo distance of 100 mm was used and in the case of SAXD
experiments a distance of 400 mm was chosen. The diffraction
angles were measured by hand. The intensities of the photographic
detected reflections are expressed according to the following
terms : VS = very strong, S = strong, M = medium, W = weak, VW =
very weak and EW = extremely weak.

Temperature dependent SAXD measurements were performed with a
Kratky camera, manufactured by A. Paar, equipped with a Braun one-
dimensional position sensitive detector which was connected to a
Braun multi-channel analyzer. The radiation source was a PFW-1729
x-ray generator, producing Ni-filtered CuKa-rays, its wavelength
being 0.154 nm. Each channel of the multi-channel analyzer cor-
responded to a certain diffracticn angle.

Calibration of the apparatus was carried out with lead



14

stearate. Measurements were usually performed in 30 minutes.
Corrections were made for background noise and the curves were
subsequently desmeared with a program based on the theory of Lake
{1967) .

Some WAXD experiments on dry powder samples were performed
with a Philips powder diffractometer ( PW-1730 ) edquipped with a
proportional detector.

2.2.5 Differential Scanning Calorimetry ( DSC )

The measurements were performed with a Mettler TA-3000 sys-
tem. In the DSC-cup the sample amount varied between 1C¢ and 20 wmg,
depending on the concentration of potentially crystallizing matter
present in the sample. Scome measurements were performed by cooling
a droplet of water in contact with a droplet of an emulsifier/oil
sample. The heating and cooling curves in chapter 5 which are
shown together in one figure, were not corrected for differences
in the amount of sample in the DSC-cup. Therefore the peak areas
below the curves may not be interpreted as being representative of

the heat values per unit amount of sample.

2.2.6 Capillary viscosimetry

Information on the particle shape was cobtained from capillary
viscosimetry. For these experiments we made use of ubbelchdes. The
applied ubbelohdes, coded O or O0A, had capillary diameters of
0.36 mm and 0.53 mm, respectively. Emulsified samples, consisting
of hot emulsifier dispersions containing 1% emulsifier ( w/w ),
were diluted to the desired emulsifier concentration. This was
performed with a 2 mMol phosphate buffer ( pH = 6.9 ) or with a
0.1% sodium caseinate solution subject to the composition of the
centinuous phase of the dispersions. Dilution was performed one
hour before the actual rheological experiment and the samples were
stored in a thermostatted water bath at the desired temperature.

Dilution has been performed with solutions having an average
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temperature of about 50°C.

The viscosity measurements were performed in a temperature
controlled waterbath thermostatted to an accuracy of 0.005°C. It
was checked both visually and by microscopy whether shear-induced
flocculation occurred during the experiment. The ubkelchdes were
calibrated with distilled water beth at the start and at the end

of each experimental series.

2.2.7 Rheological methods

2,2,7.1 Adam's consistometer test

The emulsions as described in section 2.2.1 were poured into
perspex rings of following dimensions ( H= 4.1 ¢cm, ¢ = 6.2 cm )
of which the bottoms were sealed with pieces of parafilm. The top
sections were also sealed in the same way and the samples were
stored in a thermostatted cell overnight.

The next day the samples were placed upon a plate of glass,
the parafilm was removed and the cylinders were carefully lifted
by hand. This would cause the samples either to flow or to deform
slightly, the effect depending on the value of the yield stress of
the sample. After 30 seconds the new diameter of the samples was
measured and it was used as an indication of the rheological pro-

perties of the system.

2.2.7.2 Compression experiments

The gels for the uniaxial compression measurements were
prepared in the way described in the section dealing with sample
preparation ( 2.2.1 ). The hot emulsions were poured into perspex
cylinders having the following dimensicns : ¢ = 34 mm and H = 50
mm. The gels did not stick to the inner wall of the perspex
cylinders. Before filling the cylinders the bottom of each
cylinder was sealed with a piece of parafilm. After cooling down

to room temperature and cutting off the top layer of the gels with
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a thin iron wire, the samples were sealed with parafilm. The gels
were stored at 20°C during the night.

The compression measurements were performed with a tensile
and compression testing apparatus ( type : Overload Dynamics,
table model S 100 ), equipped with a 200 N or a 2000 N load cell.
The former load cell was always calibrated with a weight of 500
grams, the latter by means of an internal testing method. The
apparatus consists of a fixed bottom plate and an up and downward
movable bar, containing the load cell. The cylindrical compression
plate was fixed to this load cell. For our experiments we always
used a compression plate made of perspex, whereas the bottom plate
consisted of metal. The compression device was placed in a tem-
perature contrcllable box. All the experiments were performed at
20°C,

At the time of measurement the gels were carefully pushed out
of the cylinders and the rough top sections were cut off with an
iron wire ( ¢ = 0.5 mm ) in order to obtain smooth and parallel
sample surfaces., During this procedure, deformation of the gel
itself was carefully prevented. The sample height, generally
amounting to a wvalue of about 45 mm, was measured with a linear
gauge with an accuracy of 0©€.05 mm. The uniaxial compression
measurements were performed at different compression rates,
ranging from 0.2 mm/min to 200 mm/min.

Cyclic compression experiments were performed in the fol-
lowing way. A sample was compressed at some constant compression
rate up to a certain strain. Then the plunger was moved upwards at
the same rate. After four minutes the sample was compressed once
more at the same rate to the same sample strain. This means that
in the case of permanent deformation the position of the plunger
had to be adjusted before each new compression cycle. These cycles
were repeated four or five times for each sample.

The force/time curves of the compressiocon tests were recorded
and the real stress and strain values were recalculated from these
curves with the same formulae that were used by Peleg (1977) and

(1984) and Luyten (1988) for their compression experiments. The
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Hencky strain e, {( - ) was calculated with the following formula :

Hy
€ = In —— ( 2.1 )
Hg
where Hp is the sample height after a certain deformation and Hy
is the initial height of the gel sample.
The sample stress o (| N/m2 ) was calculated according to

equation 2.2

o = — ( 2.2 )

where Ay is equal to :

Hgo Ag
Ar = ( 2.3)
He

For the calculation of the relative deformation rate the
Hencky strain rate éh ( s-1 ) was used, since fracture measure-

ments were always performed at large deformations :

. Vdef

He

The Young modulus was calculated from the initial slope of

the stress strain curve.

do
E = [ ) ( e—0 ) ( 2.5 )
de
2.2.8 Surface rheology

& special interfacial trough was manufactured for this
research project. The apparatus was originally designed at the
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Royal Shell Laboratories Amsterdam ( KSLA ), The Netherlands, but
we have altered this design at a number of points. Figure 2.1
shows our interfacial trough filled both with ©il and water in
this specific case. The apparatus consists of three major parts,
namely a system which controls the motion of the barriers, the
interfacial trough itself and equipment dealing with data sampling
and data treatment. These three parts will now be discussed

subsequently.

Figure 2.1 : A picture of the interfacial trough used feor dynamic surface tension mea-
surements at the a/w- or ofw-interface.

2.2.8.1 Barrier motion

We have chosen for the construction of an apparatus, where
two barriers move in opposite direction ( see figure 2.1 and
2.2 ). To this end a threaded spindle ( THK, 2 MBF 1402 Go+450
103 } having opposite pitch for the two barriers, in combination

with two corresponding nuts, was purchased from van Gelder Company
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bv, Rotterdam, The Netherlands ( see number 6 ). This spindle was
driven by a DC-motor ( Mattke, type : MAM 24 V, 50 W )} which was
fed by an amplifier also made by Mattke ( type : MANR 24V }.

The sinuscidal signal was obtained from a signal generator
( Farnell, type DSG2-b ) providing sine waves over a freguency
range from 0.1 miz to 110 kHz. A gear box was fixed between the
motor shaft and the spindle. This construction provided sinusocidal
movement of the barriers at very small amplitudes ( ¢.1 mm - 10
mn ) in the frequency range from 0.001 to 0.5 Hz. The tolerance-
free gearbox was made of two adjustable decelerations of 1 to 5 or
1 to 500. The motion of the motor shaft was controlled both by

means of a tacho-generator and a potentiometer.
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Figure 2.2 : Schematic representation of the interfacial trough which has been de-
signed fer this study ( side view ).

1 : Interfacial glass trough 2 : Glass barrier

3 : Support for glass slide 4 : Inner perspex box
5 : Outer perspex box & : Spindle with nuts
7 : Barrier suspension
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2.2.8.2 The interfacial trough

The design of Mingins ( private communication ) for an
interfacial trough was our starting point. In figure 2.3 the
design for both trough and barriers is shown. Its construction nay
be described as follows. Two Pyrex glass strips ( 350 mm x 15 mm X
10 mm ) were fused parallel to a trough of glass, the distance
between the strips being 150 mm ( figure 2.3.a ). These strips
were roughened co-planar and polished mechanically. The top sides
of the two barriers ( 184 mm x 20 mm x 10 mm ) were also roughened
and polished ( figure 2.3.d ). On both sides of the barriers two
hemispherical holes ( ¢ = 4 mm ) were milled, which were necessary

for the suspension of the barriers { figure 2.3.c ).
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Figure 2.3 : Schematic representation of the interfacial glass trough and the glass
strips. The relevent hydrophobic and hydrophilic parts have been indi-
cated.
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The wetting properties of the pretreated glass parts were
altered according to the following procedure. The trough and
barriers were washed with a 2% SDS solution, rinsed with water and
distilled water and finally they were cleaned with hexane. Then
the trough, with the barriers placed on the bottom of it, was
filled with a 10% KOH solution in ethanol. After about 18 hours
this alkaline solution was remcved and the trough was washed with
distilled water. Then, after drying the trough, the roughened
parts were treated with a solution of 2% HF with a pencil to
cbtain hydrophilic glass properties. Subseguently the trough and
barriers were cleaned with distilled water and they were dried in
an oven at a temperature of 150°C. After 20 hours the top sides of
the glass strips and the edges of the barriers were carefully
hydrophcbized with a solution of 2% dimethyl-dichlorosilane
( DCMS ) in trichlorcethane with a pencil as indicated in figure
2.3.b and 2.3.d. Then the trough was washed with distilled water
toe remove the released hydrochloric acid. This hydrophobation
procedure was repeated twice 1in order to guarantee complete
hydrophobic properties for both glass strips and the top edges of
the barriers. Then the glassware was stored in hexane for one
night in order to remove excess silicon. At that time the trough
and barriers were ready for use.

At the start of an experiment the interfacial trough was
placed inside a temperature controlled box consisting of twe
compartments made of perspex. The trough was housed in the inner
compartment of this climate box and its horizontal and vertical
position was adjusted with three depth gauge micrometers. The
temperature of the liquid in the trough was adjusted by means of
circulating air in between the two compartments. The air tempera-
ture was regulated with a heat exchanger, placed in a stainless
steel tube, connected to the outer wall of this double-walled box.
on this tube two small fans were mounted in order to get suffi-
cient air circulation in the system. The complete apparatus was
placed upon a marble table in a room free from external disturbing

vibrations.
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2.2.8.3 Data sampling and data treatment

The displacement of one of the barriers was measured with a
glass ruler ( Mitutoyo linear Scale, series 529AT-11 ), edquipped
with a photo-electric encoder ( resolution = 5.0 um ). This linear
encoder was connected to a digital counter, supplied with a BCD-
interface ( Mitutovo, series 164, type G ).

The dynamic surface tension was measured by means of the
Wilhelmy plate method. To this end we made use of a roughened
glass plate. This plate was suspended from a thin wire, which was
shielded from the circulating air in the thermostatted box. This
wire was connected to an inductive displacement cell ( Bienfait,
type Q-11 ) which was used as the force measuring device. Its
analogous signal was fed into a 5 kHz carrier wave amplifier
( type : Bienfait ). The signals were collected in a IBM PC/XT-
286. This signal was digitized with an AD-convertor.

The noise level was reduced by means of electronic filtering
at a frequency level exceeding 100 Hz. The time delay, caused by
internal filtering in the amplifier ( tgelay * 0.16 s ), was
corrected in the software. Dependent on the dimensions of the
Wilhelmy plate ( perimeter = 52 mm }, the average noise level
usually was lower than 0.030 wN/m. However, sometimes 1low
frequency drift effected the measurements in a negative way. In
that case the measurement was repeated.

A program was written with Quick basic to obtain direct
graphical results of the ellipse. The data for both the displace-
ment of the barrier and the surface tension were fitted with a
sine function by means of least square calculations. The variables
in this fit procedure were both amplitude and phase angle of the
two sine-shaped signals. The amplitudes of the two fitted sine
curves were used for the calculation of the dilational modulus and
the difference between the two phase angles at t = 0 seconds gave

the actual phase angle.
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2.2.8.4 Experimental procedures

In the case of measurements with dispersions the trough was
carefully filled with a diluted emulsifier dispersicn, its
preparation being described in section 2.2.1. Usually we prepared
an emulsion containing 3% GLP in a continucus phase of either 0.1%
sodium caseinate or 2 mMcl phosphate buffer, This emulsion was
diluted with this continuous phase to a GLP concentraticn of 0,1%
at a temperature of about 50°C.

The temperature of the sample in the trough was measured by
bringing a thermometer in the liquid, outside the studied surface
area. The experiment was started by expanding the surface area
with a factor 3. From this moment the surface tension was recorded
in time. When the surface tension had relaxed to an almost
constant wvalue, accurate measurements of the dynamic surface
tension could be made. At that time the sinuscidal deformation was
started. Very often we waited for about 20 hours before the
dynamic measurements were performed.

In the case of spreading experiments the trough was filled
with the desired water phase. With a micropipet 5 ml of a 5% GLP
solution in SBO was spread on the surface as small droplets. Then
the surface tension was recorded and dynamic measurements were
started at the time, when the surface tension maintained an almost
constant value.

Measurements at high temperatures were done as follows. The
trough was filled with an 0.1% GLP dispersicn in an 0.1i% sodium
caseinate solution above the crystallization temperature of the a-
tending emulsifier. Then the temperature of the air was gradually
reduced by lowering the temperature of the heat exchanger. During
cooling down, both the surface tension and the dynamic surface

tension were followed.

2.2.9 Neutron diffraction

Neutron diffraction experiments were performed at ISIS,
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{ Rutherford Appleton Laboratory, Didcot, England ) in corporation
with IRI ( Delft, The Netherlands ). Cur small angle diffraction
measurements were conducted with the LOQ spectrometer at ISIS. The
spallation neutron source ISIS produces intense neutron bursts 50
times per second by means of collisions of a highly ehergetic,
pulsed proton beam with a Uranium target. The fast neutrons from
the target station are slowed down within 25 us in a hydrogen
moderator at a working temperature of 25 K in order to obtain a
cold neutron enhanced thermal neutron spectrum. A number of
spectrometers are attached to the target station, all with
different aims of research, LOQ being one of them. The working of
the LOQ spectrometer may be described as follows : A pulse of
neutrons travels a distance of L. = 11.4 m from target to sample
and of 1 = 4.3 m from sample to detector. The total travel time t
of a neutron from its source to the detector determines its energy
or equivalently its wavelength A_( m ). The following relations

govern the scattering process which is assumed elastic :

h het
A - - (2.6)
m-v m- (I+1)
2
ko = ——5:ff ( 2.7)
where :
h = censtant of Planck (J s}
m = mass of the neutron (kg }
v = vwveleccity of the neutron (m/s)
Xy = wave number (m’l)

The advantage of such a setup is that no wavelength defining mono-
chromator is needed. A rotating disk chopper at 25 Hz removes al-
ternate pulses from ISIS to avoid frame overlap from adjacent pul-
ses. Neutrons of wavelengths varying from 2 to 10 A are recorded

by a two-dimensional position sensitive neutron detector. The area
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detector is a multiwire ( 128x128 }, 10BF3 filled, proportional
detector. The position vector r in the plane of the detector
determines the momentum transfer Q ( n1 ) between the neutron and

the system under study :

Q:k—ko (2‘8)

where k and kg represent the wave vecters of a scattered and a
unscattered mneutron respectively. Consequently the momentum

transfer Q is egual to :

Q = kD_ (2.9)

The detector has 64x64 channels, its resolution being 1 cm in
both directions, each one of them containing about 80 time of
flight channels. They are all handled by an in-house data acqui-
sition system and a Microvax computer. Reduction of the raw 10Q's
time of flight data tc a composite cross section I(Q) is done by
accurate transmission corrections over a wide range of wave-
lengths.

Dry and hydrated GLP pcwder samples, containing variable
amounts of H,0/D,0 were brought into circular shaped quartz
cuvets. The weight of the samples inside the cells was determined
in order to be able to calculate the average cross section of each
sample. The cell thickness could be either one or two millimeters,
depending on the amount of D;C and the amount of air present in
each gel sample. Each measurement lasted between 1 and 3 hours for
each sample depending upon whether 1*10'6 or 3%10*® counts were

required for acceptable data statistics.
2.2.10 Whipping behaviour.
Usually 250 grams of a dispersion were put into the bowl of

an Hobart mixer. The sample was whipped at maximum whipping speed
( at motor level 3 ). After whipping, the overrun and the foam
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firmness were determined as follows. A foam sample was brought
into a small cup of known volume ( in our case 221 ml ). The
weight of the sample was determined and the overrun was calculated
with the following formula :

v
% Overrun = ( — * 100 ) - 100 ( 2.10 )
M

where V = the volume of the cup {( ml ) and M = the foam weight of
the sample {( g ).

The foam stiffness was measured with a penetrometer, type :
Humboldt MF-6 Co. USA. The measure device either was a cone-shaped
body ( angle = 45° ) its weight amounting to 24 grams or a stain-
less steel plate ( ¢ = 4 ¢m } having a weight of 55.6 grams. The
penetration depth was measured 10 seconds after the test was
started.
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3 FRELIMINARY STUDY ON THE MICROSTRUCTURE OF A TOPPING EMUL~
SION IN RELATION TC ITS PHYSICAL PROPERTIES.

3.1 INTRODUCTION

As has been indicated in the introduction, in the food
industry technelogists have tried to produce whippable imitation
products for several good reasons. However, scientific literature
on the whipping characteristics of these products is scarce. The
main reason for this probably is that research work in this area
has been done in industrial laboratories and therefore these
studies have not been published. Ancther reason may be that
scientists were not very interested in the physical properties of
these rather complicated systems. Indeed, it will appear from this
chapter that a number of intriguing physical phenomena in these
systems occur which can only be explained partly. Yet, under-
standing of these phencmena may be of great importance in order to
be able to manipulate product properties at will.

The physical properties of dairy cream have been thoroughly
investigated. Mulder and Walstra (1974) reviewed the whipping
rroperties of cream. Especially the importance of clumping of fat
globules in order to obtain the desired solid properties of the
product during whipping is emphasized by these authors. Further-
more, a satisfying mechanism for foam formation and bhubble
stabilization during whipping of cream is precposed.

Since 1970 different feormulations for imitation whipping
creams, subject to consumer requirements, have been produced,
using knowledge of the physical properties of dairy cream. In this
respect one may think of topping powders, frozen imitation creams,
frozen whipped toppings and UHT-treated products. Imitation cream,
artificial c¢ream and whipped topping are in fact different names
to describe similar types of products. These systems usually

contain the basic ingredients vegetable fats, proteins, and
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emulsifiers. They are produced either as powders or as dispersions
in ligquid state.

Of recent years, changes in food presentation and distribu-
ticn coupled with the improvements in technology have also widened
the application areas of whipping cream. This has induced the
production of dairy cream, containing stabilizing additives like
emulsifiers and gums (see e.g. Flack, 1985). Furthermore the
formulation and manufacture of a spray-dried dairy cream has been
published by KieseKer et al (1979). Obviously these products have
been developed on the basis of the knowledge obtained from the
production of whipped toppings.

It is not possible to investigate all the physical proper-—
ties of these toppings and newly developed creams. It is clear,
however, that these products have one property in common. Foam
firmness and stability regquires the presence of a network struc-
ture in the product. In whipped toppings often structure promoting
emulsifiers are used for this aim. The mechanism of this structure
formation is not understood.

Andreasen (1973) has briefly studied structure formation in
whipped topping. The emulsions that he used for his experiments
mainly contained vegetable fat, milk proteins and emulsifiers. He
investigated the relation between structure formation and the type
of emulsifier, used in the formulation. These emulsifiers,
studied, may be divided into two major groups. The first group
consists of three so-called e-tending emulsifiers, being acetic
esters of monoglycerides ( ACTM ), lactic acid esters of mono-
glycerides ( GLP ) and propylene glyccl moncpalmitate ( PGMP }.
The second group consists of polyglycercl esters of fatty acid
( PGE ) and glycerol monostearate ( GMS ), both showing meso-
morphic behavicur with water. Mesomorphism of amphiphiles will be
discussed in chapter 4. In the work of Andreasen the relation
between structure formation and the presence of a-tending
emulsifiers in a topping emulsion, containing a relatively low
amount of dispersed phase, is clearly demonstrated. The mechanism

of this type of structure formation is not understood.
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a-tending emulsifiers are not only applied in whipped top-
pings. For instance, Wootton et al. (1967) have demonstrated the
marked effect of a-tending emulsifiers on the incorporation of air
in cake batter systems. According to Wootton these emulsifiers are
only active below their melting point. In batters their function
is not related to structure formation, but these additives seem to
improve bubble stability, though it is not explained what is meant
by this improved stability. This is the second important physical
property of a-tending emulsifiers. Again +this stabilizing
mechanism is not well understood. According to Wootton, it seems
obvicus that the a-crystal modification of the emulsifier is
linked with foam stability.

Nielsen (1976) discussed the function of emulsifiers in ice-
cream. He clearly demonstrated the positive influence of the
presence of small amounts of monoglycerides in ice-cream on the
occurrence of particle aggregation and churning effects. There is
no literature available on the use of o-tending emulsifiers in
ice-cream. It seems contradictory that monoglycerides do promote
fat globule aggregation and clumping in ice-cream, while this
aggregation effect does not occur in toppings, according to
Andreasen (1981). The reason for this contradiction may be
explained as follows. It is generally accepted that mechanical
clumping is of great importance in ice-cream. This process is
probably facilitated, when only relatively small amounts of
monoglycerides are present in the o/w-interface of the particles.

From this short overview it clearly appears that the role of
a-tending emulsifiers in whippable emulsions and foams 1is not
understood well, despite their wide application. We decided to
start a preliminary study on the structural properties of an
emulsion, c¢ontaining an a-tending emulsifier and to relate these
properties to the whipping behaviour of this emulsion. We used
glyceral lacto palmitate ( GLP ) as example of such an a-tending
emulsifier in cur experiments. The reason for this choice was that
in literature GLP proved to be a very good example of a-tending

behaviour in relation te excellent whipping properties.






