
tion between the microscopist and the food technologist
more complicated.

In confectionery products, stains can also be useful in
showing differences in distribution of key ingredients. The
presence of a phase, such as fat, inside another phase, often
sugar syrup, makes penetration slow, and sometimes de-
stroys the continuous phase. Watching how the compo-
nents break up can often help the microscopist decide on
the nature of the product structure. The advent of tech-
niques such as confocal scanning laser microscopy has
made such decisions easier, and the use of different pro-
cessing methods can also help in sugar-based products.
The interaction between the sample and the microscopist
is still essential!

In caramels, the textural and flavour properties are ini-
tially governed by the sugar, but the milk proteins and emul-
sifiers play an important role. In previous research on the
structural properties of caramels, Lewis (1995) has shown
that, within a given sugar formulation, changes in milk
protein structure or composition can affect the emulsion
structure and textural properties of the caramel. The milk
proteins act as an emulsifier, with the whey protein form-
ing a membrane around the fat droplets, and the casein at-
taching to this in places. This attachment is thought to make
the membrane less elastic, resulting in fat coalescence dur-
ing cooking.

In a recent examination of the rheological properties of
caramels, stickiness texture was measured on a Stable
Microsystems instrument using a modification of a tech-
nique originally used for assessing dough stickiness. In the
study, the addition of emulsifiers reduced stickiness.

To understand the reasons for this, control caramels and
caramels with different emulsifiers were prepared for light
and electron microscopy using two different methods. The
first involved dispersing the caramel in water followed by
mixing with molten agar. Pieces of agar blocks were
processed for transmission electron microscopy by fixa-
tion in glutaraldehyde in buffer. In the second method, the
caramels were processed for electron microscopy by al-
lowing small pieces to fix in glutaraldehyde in 70% ethanol
overnight. Both were dehydrated and embedded conven-
tionally.

Light microscopy showed that there were larger fat
droplets and more free fat in the caramels containing emul-
sifier. Electron microscopy showed that, in these caramels,
the whey membrane at the fat droplet interface was reduced
or absent, and protein aggregation in the syrup phase was
increased.

It is possible that these effects are due to interactions
between the emulsifiers and the milk protein. However, it
is more likely that the emulsifiers are displacing the whey
from the fat droplet interface, allowing increased whey-
casein interaction in the continuous phase. Similar behav-
iour has been reported in ice cream (Hagenbart 1997), but
only after agitation and freezing had occurred.

Microscopy can play a valuable role in understanding
the relationships between texture and structure. With many

foods, including caramels, there is a difficulty in sample
preparation, which means that the true three-dimensional
nature of the structure is difficult to assess. Further work
adapting new emerging techniques will play an important
part in understanding the role of ingredients in food sys-
tems.
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Effects of Protein Quality on the Functional and
Rheological Properties of Skimmed Milk Powders

LOUISE BENNETT, SUNANDA SUDHARMARAJAN, KATHERINE

ROBINSON, GEOFFREY SMITHERS

Proteins represent the major functional components of
dairy products when used as food ingredients. Functional per-
formance of these products as ingredients can be highly vari-
able and this inconsistency generates an adverse perception of
product quality. As dairy processors endeavour to add value
by tailoring the functional properties of their products to the
intended end-use, it is necessary to understand the role of
composition on functionality and moreover, to adopt testing
methodologies which are sensitive to protein quality.
Ultimately, there is a need for convenient and sensitive meth-
ods for testing the functional properties of protein-based food
ingredients so as to provide a means for differentiation of
products in the marketplace. Dairy proteins are well known
for their thermal instability and undergo structural and chem-
ical modifications as a result of thermal processing treat-
ments. Consequent structural and chemical deviations from
the native state are here collectively referred to as ‘protein
quality’. However, relationships between protein quality and
functionality are not well understood and in particular, which
functional properties are sensitive to protein quality. 30 SMPs
were prepared using pilot scale facilities at Food Science
Australia in which the control of pre-heat temperature (72°C
to 112°C) and holding times (30 s to 270 s) yielded a set of
SMPs differing over a broad range of protein quality. Protein
quality was characterised in terms of loss of whey protein sol-
ubility and increases in disulfide cross-linking-mediated ag-
gregation. These powders were further characterised with re-
spect to selected functional properties including: protein
solubility at pH 4.6, protein solubility at pH 7.0, hydropho-
bicity, emulsification activity, foaming capacity and rheolog-
ical properties by ‘Rapid Visco Analysis’. The Rapid Visco
Analyser monitors the viscosity changes accompanying a
programmed heating and cooling cycle under constant shear.
Microscopic characteristics of the pastes produced during
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Rapid Visco Analysis were also recorded. Correlations be-
tween protein quality and selected functional properties re-
vealed the relative sensitivity and limitations of these methods
in discriminating between the SMPs on the basis of protein
quality.

Quantification of Milk Gel Microstructure Using
Confocal Laser Scanning Microscopy and Image
Analysis
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Texture of food products is largely governed by the struc-
ture and organization of their constituents at a microscopic
level.1 In case of dairy products, the structure of the protein
network influences in the majority their rheological proper-
ties. For the cheese technology, milk coagulation is an essen-
tial step in the development of the texture of products. The
aim of this study was to acquire protein network images of
different dairy gels by confocal microscopy and to investigate
mathematical morphology in order to quantify the texture of
the images obtained.

This study was realized on three different dairy gels
known to generate different structures and textures. The
glucono-—lactone (GDL)-induced coagulation system or
GDL system was prepared by acidification with 1.75 g/L
GDL. The rennet-induced coagulation system or rennet
system was prepared by the addition of rennet at 25.6 µg/L
of milk. The GDL + rennet-induced coagulation system or
mixed system was carried out by an acidification with 0.45
g/L GDL for two h followed by the addition of rennet at
15.4 µg/L of milk. The experimental conditions for each
system were selected in order to achieve gelation without
syneresis. For each type of coagulation, 5 kinetics were per-
formed.

To characterize the structure of the gels using confocal mi-
croscopy, coagulation kinetics were performed inside cavity
slides (800 µm) conditioned at 30°C. A fluorescent probe,
Fuchsin acid, was added to the milk before coagulation in or-
der to label proteins. Immediately after gelation, for each
sample, 10 fluorescence images of 1 µm focal plane and cor-
responding to a 162 × 162 µm area were recorded using a
Zeiss LSM 410 confocal microscope. The excitation wave-
length was 543 nm and fluorescence emission was detected
between 575–640 nm. A total of 150 grey-level images were
recorded.

An image analysis method using procedures from mathe-
matical morphology was investigated in order to quantify the
texture of the different protein networks.2 This method was
based on two dual operations, erosion and dilation. These op-
erations result to the disappearance of the bright and dark ob-
jects, respectively, which are smaller than a given mask,
called structuring element. Applying successive erosion and
dilation steps with structuring element of increasing sizes
progressively makes the bright and dark objects disappear,
therefore modifying the mean grey level of the image.
Granulometric curves showing evolution of the mean grey
level for each step of erosion and dilation were then built. The
curves give information concerning the size of both the bright
fluorescent protein network and the dark holes, therefore
characterizing the texture of the images.3

For this study, square structuring elements were used of
size varying between 1 and 16 µm. Principal component
analysis was performed in order to compare the granulomet-
ric curves obtained.4 The discriminant ability of the data was
investigated by applying factorial discriminant analysis on the
principal components.

The characterization of the different gels by confocal mi-
croscopy showed that the protein network of the rennet sys-
tem presented a diffuse and granular structure while the
mixed system had a structure more dense and contracted.
The GDL system presented an intermediate microstructure.
The results of the discriminant analysis, performed on the
image analysis data, showed a very good discrimination of
the three gels (97% of the samples were classified). The
GDL and rennet gels were distinguished from the first dis-
criminant factor. The mixed gel could be identified from the
two other gels according to the second discriminant factor.
Typical granulometric patterns were drawn that allowed to
interpret more precisely discrimination between the three
different gels in terms of the respective sizes of the protein
network and holes.

In the present work, mathematical morphology applied on
confocal images allowed the quantification of the texture of
the three different dairy gels studied.
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