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MICROSCOPY IN THE STUDY OF FATS AND EMULSIONS

J.M. deMan

Department of Food Science,
Canada N1G 2W1

Abstract

Plastic fats consist of a three-

dimensional network structure of crystals
in which liquid oil 1s trapped. This
crystal network is held together by weak

attractive forces, the nature of which 1is
not definitely established. Crystal

size is dependent on temperature history
and is subject to polymorphic transitions
which greatly affect the microstructure
of the system. The microstructure of
fats has been investigated by using
polarized light microscopy, electron
microscopy and X-ray diffraction
analysis. Recently, a permeametric
method has been developed which enables
the determination of the specific
surface area of the crystals in a fat.
This method is a useful complement of
microscopic techniqgues. Scanning
electron microscopy has not been widely
used in studying fat crystal structures.
The use of microscopy in the study of
microstructure of emulsions presents even
greater problems than in the fat field.
Emulsifiers may form liquid crystalline
mesophases which may be studied by
polarized light microscopy and X-ray
diffraction analysis.
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Introduction

It s becomlng increasingly apparent
that our understanding of what 1s now

being described as the "functional prop-
erties” of many foods is dependent on a
knowledge of their fine structure. This
can be expressed 1n the following ilnter-

relationship:

chemical composition -
structure - physical

physical
properties

that
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the food, and in turn, the nature of
microstructure determines the phy-su:al
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Fats differ from oils in that they
contain solid triglycerides at room
temperature. This mixture of solid and
liquid components exhibits the property
of plasticity. Triglycerides are long
chain molecules with molecular weights in
the neighbourhood of 900. The crystall-
ization behaviour of such compounds res-
ponds to the normal conditions of nucle-
ation and crystal growth (Figure 1), and
these factors are determined by the
degree of supercooling. If the extent of
supercooling is low, only few nuclei will
form and crystals will grow to a
relatively large size. If heat is rapid-
ly removed, i.e. high level of supercool-
ing, many nuclei will form and many small
crystals will be formed. The situation
is complicated by the phenomenon of mixed
crystal formation (also called solid
solutions). Fats contain many different
glycerides which closely resemble each
other but have slightly different melting
points. Rapid cooling (high supercool-
ing) will result in inclusion of differ-
ent types of triglycerides in the crystal
lattice. The result is higher solid fat
content at low temperature. Tempering of
such rapidly cooled fats at temperatures
below the melting point will lead to
recrystallization and reduction in solid
fat content. An example taken from the
work of Mertens and deMan (1972) 1llust-
rates this phenomenon (Table 1).

Fats are subject to some additional
phenomena when crystallization occurs.
Long chain compounds including the tri-
glycerides show polymorphism, 1i.e. they
can occur in several crystal modific-
ations. These different crystal forms
are distinguishable by X-ray diffrac-
tion, by infra-red spectrophotometry, by
melting point determination and by
differential thermal analysis. It is
generally agreed that fats occur in three

M.
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Fig. 1. Schematic representation of the
rate of nucleation and crystal growth as
influenced by supercooling. A = start of
nucleation, FP = freezing point.

major polymorphic forms, named alpha,
beta-prime and beta in order of increas-
ing stability (Lutton, 1972). The pack-
ing of the triglyceride molecules 1in the
crystal lattice determines the spacings
between adjoining molecules. The cross-—
sectional structures determine the short
spacings which can be determined by X-ray
diffraction. The arrangement of long
chain compounds in a cross-sectional view
of the crystal lattice has been given by
Lutton (1950) and is represented in
Figure 2. The alpha form is hexagonal
and is the least organized of the three
forms. It has a low density structure
with a cross section of about 0.2 nm2

and the chains are packed in an untilted
or perpendicular fashion. This form 1is
usually obtained on rapid cooling of the
melt. The beta-prime structure 1is
orthorhombic and is 1n a tilted chain

Table 1. Solid fat content of a margarine olil and a
frying fat with and without tempering at
25 C for 30 min. Initial cooling at O C
for 60 min.
;‘\
Solid fat % at ‘j
Sample Treatment 100 209 30¢c 40¢° ‘
Margarine Tempered 37 .6 24.2 11..7 0.1

Non tempered 47 .3 29.8 131+9 0.3

Frying fat Tempered 63.7 45 .7 25.8 3.4

[ %)

Non tempered 75.8 95.. 1 26 .2 4.
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Fig. 2. Cross-sectional structures of
long chain compounds. (Source: E.S.
Lutton, 1972. Reproduced with permiss-
ion).

arrangement. This 1s the more common
form for many natural fats. It 1s a more
closely packed structure than the alpha

of the chain
shown 1n

Both beta-

form. The beta form has all
axes oriented in one way as
Figure 2, and 4s triclinie.
prime and beta forms have an approximate
cross-gectional of about 0.18% nmZ2.
These three cross-sectional structures
give rise to short spacings as deter-
mined by X-ray diffraction and indicated

in Figure 3,

arsa

The development of the knowledge
about polymorphism has not been without
controversy. This mainly involved the

idea of the existence of a glassy state
as proposed by Malkin (1954), but this is
now generally accepted as erroneous. A

form intermediate between beta prime and
beta has been proposed by Hoerr (1960).

A more unified and rigorous treatment of
polymorphism has emerged in the recent
literature (Larsson, 1964, 1966, 1972).
Examples of the application of this
knowledge to problems 1n fat crystalliz-
ation are studies phase behavior
of hydrogenated fats by Riiner (1971) and
studies on cocoa butter and confecticonery
fats using programmed temperature X-ray
diffraction and differential scanning

on the

calorimetry by Chapman et a L1971 ) 5
X-ray diffraction patterns can be
recorded with a Debye-Scherrer camera or

N
{4 o
4 b= “

d,=418A d,=368A

dp= 378A d,=459A

dy*386A

Alpha Beta Prime Beta

Fig. 3. Cross-sectional structures of

long chain polymorphic modifications.
(Source: E.S. Lutton, 1950. Repreoduced
with permission). d spacings expressed
in Angstrom units (A).
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Fig. 4. Guinier-Simon X-ray diffraction
camera with temperature programming
capability. A = X-ray tube, B = camera,
€ = control console.

with a diffractometer, the equipment

commonly uced by crystallographers. The
Debye-Scherrer patterns appear as con-
centric circles on the X-ray film. This

type of equipment has the drawback of
being useable only at room temperature
which does not permit the study of poly-
morphic transitions as a function of
temperature. Special cameras for this
purpose have been developed such as the
DPT camera used by Aleby (1969) and a
particularly useful instrument is the
Gulnier-Simon camera with 1integral
temperature programming capability

(Figure 4). The different polymorphic
forms have different melting points and
different crystal habits. Another useful

X-ray camera 1S the triple focussing

Guinier camera.

Polymorphism and the structure of
triglyceride crystals can also be studied
by using the electron microscope for
electron diffraction of single crystals.
This procedure has been demonstrated by
Buchheim (1970a) for the study of tri-
laurin crystals. Methods were developed
for preparing suitable crystals of tri-
not be

laurin, but this procedure may
suitable for crystals of natural fats.
Buchheim (1970a)

Using this procedure,
found evidence for two beta-prime modif-
ications of trilaurin, one a vertical and
the other a tilted form. Two beta modif-
ications of trilaurin were described.

Fat crystals can be observed with
the aid of polarized light microscopy.
According to Hoerr (1960), crystals ot
the alpha form appear as platelets of
about 5 um size. Since the alpha form is
unstable, it is hard to obtain photo-
graphs of these crystals. The beta prime
crystals are described as small needles
not exceeding one um in length. Beta
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crystals are large, ranging from 20 to
100 um in size and often growing 1in
clumps. Such clumps of large crystals
can lead to visually noticeable grain-
iness in fats. The packing of trigly-
ceride molecules in the crystal lattice
is influenced by the variety of mole-
cular sizes present in natural fats. The
greater the non-uniformity in size, the
more difficult it is for the beta form to
occur, and the beta-prime form will then
be the predominant one. There are
natural fats which have relatively uni-
form fatty acid compositions and these
will tend to recrystallize 1in the beta
form. Canola and sunflower oil are
examples of this behaviour. Figure %
shows polarized light micrographs of
hydrogenated Canola oil. When this fat
was rapidly cooled, the crystal structure
included aggregates of up to 10 um
(Figure 5A). After tempering for a day
at 25 C, there were more small crystals
in evidence of up to about
(Figure 5B).
morphic modifications

2
<

um in size
Ascribing definite poly-
to fat crystals

of

Fig. 5;

Polarized light photomicro-
graphs of

hydrogenated Canola oil.

a. After rapid cooling at -15 C.

b. After rapid cooling at -15 C and
tempering for one day at 25 C.

S.M S um. (S.M. Scale Marker)
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specific morphology 13 probably not
justified for many natural fats. This
might be applicable in special cases
only, such as for highly purified simple
triglycerides. The recrystallization of

fats into the beta form is a disastrous
occurrence when taken place 1n a consumetl
product. The product becomes visibly

grainy with a mottled color appearance

and acquires a crumbly texture (Figure 6)
and the crystal structure shows & mase of
large needle shaped crystals (Figure 7)
This 1s a good example of how the
arrangement of molecules in the crystal
lattice directly affects appearance
factors such as smoothness and texture
Some selected surface active agents have
been found helpful in preventing or
delaying the beta-prime to beta trans-
formation 1n fats. This phenomenon 1is
not well understood and studies are unier
way to elucidate the mechan:ism of thais
action. Recently, Garti et al, (1981,
1982) described the effect ot food emul-
sifiers on crystal structure and habit of
Fig. 6. Mottled appearance of re
crystallized Canola margarine One pound
print broken in two pieces. .

Fig. 7. Crystal structure of Canola o©il
margarine as seen in the polarizing
microscope. This margarine 1s re-

crystallized in the beta modification.

B8:M. 5 wum.
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stearie acid. The crystal habit was
examined by using scanning electron
microscopy. It was assumed that the
stearic acid could serve as a model for
the more complex triglyceride mixtures
but this is by no means certain.
Herngvist et al. (1981l) have described
the strong stabilizing effect of 1.,2-di-
glycerides on the g'triglyceride crystal
torm.

The polymorphism of fats can also be
studied by infra-red spectroscopy, a
technique extensively 1investigated by
The

Chapman (1965) and by deRuig (1977).
major area of interest in the infra-red
region 1s between 690 and 770 cm—1. An
exémple ftrom Woodrow and deMan (1968)
{Figure 8) shows the formation of the
alpha form on cooling milkfat from 40 to

O C and the formation of the beta prime
form after holding at 5 C for ten hours.

Short spacings observed by X-ray

diffraction methods are in the order of
0.1 nm. Polarized light microscopy makes
it possible to view crystals an the range
WAVENUMBERS (cm-')
770 750 730 710 690
| | | | |
40 C a
oc b
i
2 5C .
<
@
[+ «
o )
(2
@
<
Fig. 8. Infra-red spectra of milkfat at
40 C (a) after rapid cooling to 0 C (b}

and after holding at 5 C for ten hours
{gid, (Source: Weocodrow and deMan, 196%.
Reproduced with permission).
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Fig. 9. Electron micrograph of tri-
laurin crystals made by the carbon-
piatinum replica technique. (Source:

Buchheim, 1970a. Reproduced with per-
mission) . S.M. = 0.2 pm,
of 0.5 = 100 um. For details 1in the area

below 0.1 um electron microscopy is
required. Since fine structures of fats
are delicate and temperature sensitive,
special techniques are required. Initial
electron microscopy studies involved
ultra-thin preparations and carbon
replica techniques. An example is an
electron micrograph of trilaurin crystals
produced by Buchheim (1970a) (Figure 9).
This figure presents a clear view of the
layered architecture of the trilaurin
crystal. Much of the work concerned with
electron microscopy of fats has been
carried out at the German Federal Dairy
Research Institute at Kiel and has been
mainly rfocussed on milkfat structure in
butter. The work involving fixation,
thin cectioning and carbon replica form-
ation produced micrographs showing little
more than the outlines of fat globules
(Figure 10) (Knoop and Schulz, 1960).
More recently the work of this group has
involved freeze fracturing, followed by
platinum-carbon replica preparat:ion
tBuchheim and Precht, 1979; Precht and
Buchheim, 1979; 1980; Precht and Peters,
1981). Based on this work, the fat
globules in cooled cream have been
divided into 4 types based on how much of
the fat 1s 1n the solid form. Figure 11
represents a fat globule which is stated
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Fig. 10. Electron micrograph ot the fat
globule structure 1in butter. (Source:
Knoop and Schulz, 1960. Reproduced with

permission). S.M. = 1 um.

to be mostly liquid. However, the highly
magnified section appears as a definitely
layered structure. Figure 12 15 a micro-
graph of a fat globule with more 1irreg-
ularly formed crystal aggregates. The
conclusion of this work is that the
amount of solid fat in different fat
globules 1n cream varies widely. This
would mean that the fatty acid compos-
ition of the fat in the globules would
different, and this is not supported by
any previous evidence. Walstra (1976)
has discussed the effect of the state of
dispersion of fat on its crystallization
behavior and on the physical properties

be

of the products. He indicates that emul-
sified fat needs a much higher degree of
supercooling to initiate nucleation, and,

of solid fat in
be considerably

therefore, the amount
emulsion droplets may
less than in the same fat in bulk form.
The microstructure of fat in butter 1is
described by Precht and Buchheim (1980).
Two figures from this paper show cone area
of liquid and crystalline fat (Figure 13)
and crystal lamellae of butter after 0
days' storage (Figure 14). The layered
structure of this crystalline fat 1s

deMan
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b

Fig.
globule
b represents an enlarged section

Electron micrograph of a fat
in cream with liquid milktat.
(dot.ted

rectangle) of a. (Source: Buchheim and
Precht, 1979. Reproduced with permiss-
ion). S.M.a =1 um, b = 0.2 wum.

clearly visible at different magnific-
ations. These authors have attempted to
relate the results of the electron micro-
scopy studies to the known rheological
behavior of butter. This is a daiffaicult
task, especially since the fine struct-
ures observed by electron microscopy bear
little apparent relation to observatiors
made by polarized light microscopy. The
question arises as to whether the rheo-
logical properties of fats are more
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Fag, 12! Electron micrograph of a fat
globule 1in cream with solid milkfat.

b represents an enlarged section (dotted
rectangle) of a. (Source: Buchheim and
Precht, 1979. Reproduced with permiss -
ion). S.M.a =1 um, b = 0.2 um.

Fig. 13. Electron micrograph of liquid
(A) and solid (B) fat in 10 day old

butter. (Source: Precht and Buchheim,
1980. Reproduced with permission).
S.M. = 0.2 um.

influenced by the internal structure of
the crystals than by their ultimate size
and pattern of interaction. It is gener-
ally agreed that the solid fat content of
plastic fats 1is the major factor deter-
mining theilr rheological behavior. Solid
fat content can be measured quantitative-
ly by dilatometry or nuclear magnetic
resonance (both wide line and pulsed
NMR). It 1s possible to obtain an idea
of the shape and size distribution of
crystals by polarized light and electron
microscropy. However, these latter tech-

niques are not gquantitative. Recently, a
method has been developed for determin-
ation of the specific surface area of the
crystals in a plastic fat by permeametry
(deJager et al., 1963, Riiner, 1971).
The method is based on the subsidence of
the liquid phase of a disperse system
under the influence of compression. The
compressive force is delivered by a con-
stant vacuum applied to a fat sample.
This method promises to be a useful tool
in the study of fat microstructure and
will hopefully compliment the results
obtained by microscopic methods.
Although the equipment itself is relat-
ively simple, the associated vacuum
control instrumentation 1s not (Figure
15). Riiner (1971) has applied this
method to relate polymorphic transitions
to crystal sizes in hydrogenated fats.
Transition of the beta-prime to beta
modification in hydrogenated sunflower
01l reduced the number of crystals by a
factor of fifty as determined by the
permeametric method.

The objective of studies of the
microstructure of fats is to obtain a
better understanding of the physical
properties, especially rheology, with the
aim of better control of such properties.
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Fig. 14. Crystal structures of fat in 10
day old butter.
Buchheim, 1980).
permission) .
c = 0.1 um.

(Source: Precht and
Reproduced with
S.M.a = 1 um, b = 0.1 um,

Excellent methods for this purpose are
now available which should lead to a
rapid advancement in our knowledge.
However, the usefulness of electron
microscopy in this field at this time is
limited. It is to be hoped that improved
preparation and handling techniques can
expand the application of electron micro-
scopy of fats in the future.
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Fig. 15. Equipment for determination of

the specific surface area of fat crystals

by the permeametric method. A =
permeametry instrument with capillary
attached, B = vacuum control system.

Microstructure of emulsions

Emulsions are disperse
two 1immiscible ligquids staba
emulsifier or combination of emulsif-
ier(s) and stabilizert(s). The import-
ance of associative structures ot emul-
sifiers has been given increasing
emphasis and liquid crystalline struct-

= U

ures are an 1mportant aspect of many
emulsions. The International Union ot
Pure and Applied Chemistry defines
emulsion as follows: “"In an emulsion

liquid droplets and/or liquid crystals

are dispersed 1n a liquid" (Fribergqg,
1976). Food emulsions contaln natural
emulsifiers and/onr & o0ne
food emulsions, es ally those based on
dairy products have ho1s

not liquid but partly
results 1n special ty of microstruct-
ure and properties. Proteins are often
the main emulsifiers 1in food emulsions in
many cases in combination with phospho-
lipids and other substances. The origim-
al milkfat globule membrane in milk as 1t
leaves the udder has been extensively
studied and consists of a complex of
several proteins and phospholipids as
well as several minor components includ-
ing enzymes and metals. It is possible
to emulsify oils or fats in milk serum
tskimmilk) and a stable emulsifier layer
is formed almost instantaneously. This
also happens when milk 1is homogenized.
The newly formed globule membranes in
homogenized milk consist of protein. The
conformation of proteins at interfaces
and the role of these proteins in stabil-
1zing emulsions has been described by
Graham and Phillips (1974). They have
visualized the structure of two proteins

at the interface (Figure 16). One of
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Fig. 16. Schematic representation of the
structures of absorbed films of B-caseln

and lysozyme at 1interfaces at different
surface concentration. B-caseln
(disordered, flexible) left column,
lysozyme (globular, rigid) right column.
Surface concentration top row << rsat'
middle row ¢ F_. ., bottom row > I ...
(Source: Graham and Phillips, 1974.

Reproduced with permission).

these 1s p-casein which has a disordered
structure and the other 135 a globular
protein, lysozyme. Protein membranes
formed in emulsions containing milk
proteins do not have the liquid crystall-
ine structure demonstrated with certain
emulsifiers. As a consequence, the glob-
ules show no birefringence 13 1ndic-
ated 1n the polarized light photomicro-
graph of an emulsion of cottonseed o1l
skimmilk (Figure 17). The birefringence
seen in cream when examined polar-
1zed light at 5 C results from the layers
of crystallized milkfat which are formed
wnen the milkfat inside the glchbules
crystallizes (Figure 18). The churning
of cream to produce butter 1involves the
destabilization of a limited number of

as

11
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these globules and the expelled liquid
fat acts as a cementing material to bind
the remaining globules together. For
this reason, the microstructure of butter
as seen with polarized light 1is
remarkably similar to that of cream
(Figure 19). The nature of the bire-
fringent layer of fat globules in milk or
cream was clarified by Buchheim (1970b).
He used electron microscopy to
demonstrate the presence of crystallized
fat in the peripheral layers of the
globules.

It is now recognized that many
emulsifiers interact 1in a number of ways
with both the aqueous and lipid phases
and these interactions take the form of
liquid crystalline structures or meso-
morphic phases. The nature of these

liquid crystalline structures has been
found to influence viscosity and elast-
interfacial films with a result-
(Krog,

icity of
ant effect on emulsion stability

Fig. 18. Whipping cream as seen 1in the
polarizing microscope at S C. S.M. =
5 um.

Fig. 17. Emulsion of cottonseed oil in
skimmilk as seen 1n the polarizing micro-
scope at b €. S.M. = 5 um.

217

Fig. 19. Crystal structure of butter as
seen in the polarizing microscope at %5 C.
M. =5 pm.
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Fig. 20..wi:hemamc model of the form-

ation of a liquid crystalline, lamellar
mesophase and the « crystalline gel

phase. (Source: Krog and
1976. Reproduced with permission).

The Bragg spacings 4 are defined as

Lauridsen,

M.

da = thickness of lipid bilayer
dw = thickness of water layer.
1975). The transtormation of a crystall-

ized emulsifier such as a monoqlffnrxd
into a liquid crystalline structure nas
been represented schematic ally by Krog
and Lauridsen (1976) as shown i1n Figure
20. The major mesomorphilc structures are
lamellar, hexagonal and cubic. The lam-
ellar structure (Figure 20b) 1is formed
when the emulsifier is heated in the
presence of water and alternating
bimolecular layers of lipid are separated
by layers of water. This structure when
examined in the polarizing microscope
appears as threadlike striated networks
(Figure 2la) and is also known as the
neat phase. In addition to polarized
light microscopy, the mesomorphic phases
can be characterized by their long
ings as determined by X-ray diffraction.
The hexagonal phase consists of gylind-

s pdc -

deMan

Fig, 22.
structure of the
(center) and of
and hexagonal II
1976.

of tte
lar ligquid crystal
hexagonal 1 (richt)

type.

Schematic

representation

lamel

the
tleft)

Reproduced wilh

(i Soumrees:

Larsson,
ion).

permils

rical structures of two types, hexagona
I with the lipophilic hydrocarbon chain:
occupying the interior
cylinders and hexagonal II
hydrocarbon chains arranged on the
outside of the cylinders (Fxéure 227 .
The hexagonal phase when examined in th:
polarizing microscope presents

core of the
where the
are

a charac'-

eristic appearance (Figure 21lb!}. Some -
times monoglycerides may form micellar
aggregates which have an inner structur:
of the lamellar type and appear 1n pola‘-

1zed light as ‘batonnets”
(Figure 21c).
The layer structure of

crystal formations

rod shaped

liquaid

between flocculated

emulsion droplets has been demonstrated
by Friberg et al. (1976) by using the
technique of freeze etching eiecirun
microscopy (Figure 23). _

Liquid crystalline structures occus
in food emulsions formulated with a
Pig. 21. Polarized light micrographs cc
lipid crystalline phases: (a) lamella:
type, (b) hexagonal II type, and (c)
batonnets. (Source: Krog and Lauridsen,
1976, Reproduced with permission).
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Fig. 23, Electron micrograph obtained by
freeze etching of emulsion, demonstrating
the layer structure of a liquid crystal
between flocculated droplets. (Source:
Friberg et al., 1976. Reproduced with
permission) .

variety of emulsifiers including mono-
glycerides, emulsifiers of the Span and
Tween type and as shown by Hemker (1981)
by tri- and octaglycerol esters. The
latter discussed the relationship between
the liquid crystalline structures and the
functional properties of the emulsifiers
in food emulsions.

Food processing often involves form-
ation, destruction, or modification of
emulsions, and various forms of micro-
scopy may be used to elucidate the micro-
structure of the products. An example of
the useful combination of scanniny and
transmission electron microscopy 1s the
study of process cheese microstructure by
Rayan et al. (1980). In this case, the
protein matrix was visualized by SEM and
the nature of the fat globules by TEM.

In this way, valuable information about
microstructural changes was obtained
(Figure 24).

The examples presented in this paper

are i1ntended to demonstrate the useful-
ness of light and electron microscopy 1in
the study of fat and emulsion micro-
structures, especially when used 1in con-
junction with other techniques such as
X-ray diffraction.
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Discussion with Reviewers
W, Buchheim: The electron micrographs

of cream after different thermal treat-
ments clearly show the great variation of
fat crystallization and morphology in
individual fat globules. This must not
necessarily mean that the composition of
the butterfat in the globules has to be
different, although such evidence has
been described by Walstra and Borggreve
(Netherlands Milk Dairy J. 20, 140,
1966). The other reason could be that
this great variation reflects differ-
ences in the degree of supercooling of
individual globules due to the absence of
crystal nuclei. Please comment.

Author: If in fact this phenomenon will
be proven to exist (and not be an arti-
fact of the preparation technique), I
would find the latter explanation more
plausible than the former.
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W. Buchheim: It has been clearly
demonstrated that the rheological behav-
iour of butter made from a given cream 1s
dependent on how crystallized and liquid
fat is spatially distributed within the
final product. Please comment.

Author: I fully agree with this.
However, we still have to explain how the
amount of solid fat within a fat globule
affects the texture. In butter, we have
also fat crystals in the continuous
liquid phase. Both types of solid part-
icles are important in determining rheo-
logical properties.

plcomb: Are the liquid crystal
structures shown in Figure 22 consistent
with rheological properties of these
phases? In general, how important are
liquid crystals in determining rheo-
logical properties of fat containing
foods?
Author: The liquid crystal structures 1in
bulk are definitely consistent with rheo-
logical properties. These structures are
most important in emulsions and much of
the research in this area has been
related to emulsion stability.

D.N. Holcomb: Will the author give his
opinions as to the future course of
studies of the microstructure of fats and
emulsions? Can we expect advances in our
understanding of these systems through
techniques such as low angle X-ray
scattering, Fourier transform IR, etc.?
Are there any staining techniques that
might prove useful in lipid microscopy?
Author: I have tried to emphasize in my
paper that this is an extremely difficult
area of study. No single technique 1is
adequate and various complimentary tech-
niques should be used. The problem with
much of microscopy is that it is not
quantitative. More quantitative inform-
ation is desirable. Low angle X-ray
techniques are required for long spac-
ings. Unfortunately, cameras such as the
Guinier-Simon are not suitable for thais.
There 1is a possibility that suitable
modifications to this equipment can be
made. Differential staining, e.g. of
solid and liquid fat, may be useful in
certain cases.

N. Krog: Can you explain in more detail
what the Guinier-Simon camera can do?
Indicate advantages and limitations 1in
using this camera agalnst others.

BAuthor: The Guinier-Simon camera can
provide sharp diffraction patterns of fat
samples being temperature programmed 1in
as many as 8 steps over the range of -100
to 100 C. It is not suitable for low
angle measurements.

N. Krog: Have you studied the influence
of crystal modifiers like sorbitan tri-

stearate on the recrystallization prob-
leme in Cancla margarine?

222
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Author: Yes, we are just concluding the
first phase of our study. Sorbitan tri-
stearate lowers the melting point, does
not affect solid fat content and 1is
effective 1n delaying the B' to B
transition. It also seems to be present
in higher concentration in the sclid than
in the liquid phase of the fat.

N. Krog: It is of interest to know if
the fat globules represented in Figs. 11
and 12 have been exposed to different
temperature treatment? Can the temper-
ature vary during sample preparation and
give cause to the difference between
Figs. 11 and 12 rather than the proposed
difference in fatty acid compositions?
Author: The possibility of artifacts is
an ever present concern. It 1s more
likely, however, that the state of dis-
persion of the fat influences the rate of
crystallization.

N. Krog: Referring to Fig. 19, it would
be of interest to know where the milk
proteins are located in butter? Are all
the proteins in the water droplets or are
some of the proteins present on the sur-
face of the fat globules in butter?
Author: Yes, butter contains a pro-
portion of the original fat globules of
the cream in an undisturbed condition.
The protein membrane of these globules
still contain a protein layer. Addition-
al protein is present in the aqueous
phase.

N. Krog: Have you done any work with
phase contrast or fluorescence micro-
scopy? Or can you give any reference to
such studies in relation to food text-
ure?

Author: No, we have not used phase
contrast or fluorescence microscopy for
work with fats. There appears to be no
particular advantage for these tech-
niques in the area of fats, and 1 know of
no recent published work.

F.R. Paulicka: Please comment on the influ-
ence of mechanical working (shear, compres-
sion) on fat crystal morphology.

Author: The effect of mechanical working

on fat rheology is well documented. However,
to my knowledge, no body has been able to
demonstrate what happens by using micros-
copy.
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