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Characterization of Food Quality and Structural Stability by Analytical
Centrifugation
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Introduction

Texture, sensory and nutritional value are important targets to the design of new food
products and determine in great extend the quality of foods. Changes and alteration of
these qualities over time due to processing (e.g. stirring, heat exchange), filling,
transportation and storage may hamper the food product consistency and stability and
therefore decrease its shelf life. Beside reduced nutritional quality (loss of nutrients and/or
essential components) and impaired appearance and taste (e.g. syneresis, rancidity, off
flavors or darkening) physical or colloid-chemical stability is a major problem of modern,
complex food products. The physical stability of dispersions, as suspensions or emulsions, is
characterized by classifying and quantifying the demixing behavior due to sedimentation,
flotation or changes in the structure of the matrix.
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Stability may be tested by direct or indirect techniques. Classification and quantification of
food stability are often made by direct methods like the simple “test tube test” detecting
demixing by naked eye or by special fixed or moving sensors. While the application of
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sensors yields a more objective, traceable and sensitive reading compared to naked eye
observation, it does not solve the time problem, especially in case of rather stable
dispersions. Therefore, indirect methods like particle size or electrophoretic mobility, which
determine physicochemical parameters related to stability, are often employed.
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In this paper, we report about a new technique to measure the demixing behavior of
particles or droplets during centrifugation. By means of a Stability Analyzer, the LUMiFuge,
the position of the interface particle free fluid/dispersion or sediment can be automatically
measured as a function of centrifugation time. Sedimentation and consolidation (packing) of
different food material (milk, yogurt, curd, and ketchup) was investigated by the above
described approach and partly compared to rheological studies. It was shown that the
demixing behavior and the ability to keep the fluid phase depends strongly on the type of
material, processing and the fat content.
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Figure 1: Measuring principle of analytical centrifuge.

Methods

Demixing and consolidation of food products were studied by the stability analyzer
LUMiFuge (LUM GmbH, Berlin). The microprocessor controlled, analytical centrifuge operates
at programmable acceleration profiles between 300 and 3,000 rpm. Corresponding to
Relative Centrifugal Forces at the bottom cells (RCF= Centrifugal Acceleration to Earth
Acceleration) of 11 to 1,140. Measurement intervals of 10 to 600 s may be set. A transmission
profile of up to 8 individual samples is recorded by a CCD-line sensor, displayed as a
sequence on the screen (Figure 2: Top is sedimentation, below is flotation) and stored on a
PC.
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Figure 2: Transmission profiles of ketchup (top, RCF=1160, centrifugation time = 2250 s) and raw cow milk
(bottom, RCF=300, centrifugation time =1500 s). The meniscus is characterized by the dip on the left side. The
cell bottom s at the rotor position 108 mm.

Sample volume of 2 cm3 were used. Quantitative data are available by integration of the
transmission profiles. The total integrated area is plotted against the centrifugation time
(Figure 3). The slope of such graphs is related to separation rates and thus stability. This
graph can be used to calculate the sedimentation or flotation velocity. Measurements were

done at room temperature (22-26 °C)
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Figure 3: Integral of transmission profiles (RCF = 1140) over the entire sample height for raw cow milk,
pasteurized milk of 3.5% fat 1.5% fat and strongly skimmed milk (0.1% fat).
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The pasteurized milk, yogurt, curds, and ketchup were obtained from the supermarket and
the raw cow milk directly from a farm. Products were stored in a refrigerator. In general, each
package was used only for one experiment and before the specified expiration date. For
analytical centrifugation, the samples were taken as gently as possible by a filling aid
(syringe type device with an inner diameter of 5 mm (yogurt) or 10 mm (curd) and
transferred slowly into cylindrical plastic cells (LUM GmbH).
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Results

Figure 2 displays typical demixing behaviors of a ketchup sample and an unpasteurized cow
milk. In case of the ketchup, a distinct clarification starts at the left side (below the meniscus,
92.5 mm) and progresses towards the bottom, i.e., sedimentation takes place. For the
sedimentation velocity a value of 2.39 (+/- 0.03) um/s is determined. In contrast, fresh cow
milk starts to clear up at the bottom as the whey separates from the casein/fat. Droplets
which have a lower density than the serum cream to the top. Flotation velocity shows a
broad distribution between 7.5 um/s and 19.6 um/s.
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Figure 3: milk processed in different ways exhibit a range of clarification velocities or
stabilities. In general, the higher the slope, the lower the stability. In the above case, raw cow
milk demixed the fastest with a clarification velocity of 0.0092%/s. The pasteurized milk,
homogenized during processing, is much more stable (slower creaming) and the clarification
velocity depends inversely from the fat content.
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Figure 4 displays a different demixing behavior of yogurts. These food products have a
network like structure. Instead of the migration of individual particles or droplets only
governed by the hydrodynamic interaction, the network consolidates, and the fluid will
separate out giving rise to a supernatant. Noted that the gradually decreasing change in the
position of the supernatant/yogurt interface for the same time interval at a given RCF and
the very pronounced separation process after increasing the RCF further.
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Figure 4: Demixing of a yogurt sample first spun at RCF of 32 until steady state is reached, then RCF was stepwise
increased to 290 and 1140. Top. Transmission profiles; Bottom: Position of the interface versus centrifugation
time.
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Different types of curd (skimmed, 20% fat and 40% fat) from 6 different suppliers were
investigated. It is important to analyze only samples taken from the middle part of the
container. Samples from the edges and near the wall have a different demixing behavior. In
the case of the skimmed curd samples taken from the edge, the supernatant layer starts to
form about two times quicker than that of taken from the middle part. The speed of the
demixing behavior reflects the fact that during the filling of the container, a partial
separation occurs. Whey flows more quicker from the middle to the walls as the dispersed
phase and an inhomogeneity in the volume concentration is created. Therefore, samples
taken from the middle have a higher volume concentration and thus show a correspondingly
slower demixing velocity. In general, demixing behavior of curd depends on the first order
on the fat content as shown in Figure 5.
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Figure 5: Mean sedimentation/consolidation velocity of different types of curd obtained at RCF = 129
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Excerpt from “Characterization of Food Quality and Structural Stability by Analytical
Centrifugation” D. Lerche, L. Piesendel, B. Senge (LUM GmbH and Technical University Berlin,
Department of Food Rheology)
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