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Acoustic Particle Sizing of Milk
B YRR FE M AT EE FLAAT ML B B2 A

Oil/Water, as well as, Water/Qil emulsions can partially degrade or even fully break up upon
undergoing dilution. Thus, particle size measurements without dilution are desirable for

emulsion characterization.
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The APS-100 Acoustic Particle Sizer! measures -without the need for sample dilution Particle
Size Distribution, Longitudinal Viscosity, Percent Solids, pH, Conductivity, and Temperature.
Using a patented measurement design?, the APS-100 performs acoustic attenuation

spectroscopy measurements in the ultrasonic range of 1-100 MHz.
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The resulting attenuation spectrum of dB/cm vs. Frequency (MHz) is used by a patented
first-principle algorithmsto calculate particle size distribution data without making
assumptions regarding the shape of the particle size distribution, e.g. unimodal, bimodal,
lognormal, Gaussian, etc. The APS-100 is calibrated with water without the need for particle

size calibration standards.
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APS measurements are made by low-power (inaudible) short acoustic pulses (about 10
microseconds long) that do not affect the sample’s dispersion state as depicted in figure 1.
Another instrument, the Zeta-APS, measures Zeta potential in addition to all these

parameters.
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APS Waveforms
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Fig. 1. Waveforms of the ultrasonic pulses applied and measured during Acoustic Particle

Sizing.
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Attenuation Spectrum, 4% wt silica in water
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Fig. 2. Acoustic Attenuation Spectra of 4% wt silica-water sample (3runs: ¢, ll, A)

alongside DI water (x).
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Fig. 3. Particle Size Distribution overlaid data for three consecutive runs of a 4% wt

silica-water sample.
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Figures 2 and 3 show attenuation spectra and particle size distribution data for three
consecutive runs of a silica-water sample at 4% wt percent solids level (Nissan Chemical,
Houston, TX). A water (solvent) spectrum is also shown. A solvent spectrum (excluding the

particles) is required for particle size computation.
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Emulsion Analysis
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For this study, five consumer-type dairy samples were characterized as follows:
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- Half and Half Cream (HHC) £ fg %L,

- Whole Milk (WM) 4=Jig 5L,

- 1% Low-fat Chocolate Milk (CM) 1% 1i&AEY5 7 113,

- 1% Low-fat Milk (LFM) 1% fiJiE .

— Nonfat Milk (NFM) JiiiJig FL
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The samples were analyzed without dilution. They were continuously mixed by the APS-
100’s onboard mechanical mixer. Sample temperature was kept at 26 2C by the APS- 100’s

sample heater.
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Fig. 4. Acoustic Attenuation Spectra for five milk samples.
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Figure 4 shows acoustic attenuation spectra, dB/cm vs. Frequency (MHz), for the five milk
samples. Attenuation levels decrease in the following order due to each sample’s fat content

level as follows (see below about the 1% chocolate milk sample):
HHC > WM > CM > LFM > NFM
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HHC *JEFL > WM £I5FL > CM1% RIS 17 > LFM {RAEFL> NFM i e 3L

Regarding Chocolate vs. Low-fat milk, the difference in attenuation is due to the added

chocolate flavor components.
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These samples were analyzed at 26 2C, kept constant by the APS-100’s onboard heater. Also,
the samples were continuously mixed during these measurements by the APS-100’s

mechanical mixer.
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Whole Milk APS Particle Size Distribution
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Fig. 5. Particle size distribution data for a whole milk sample by Acoustic Particle Sizing
(APS-100).
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Figure 5 below presents the particle size distribution for a whole milk sample analyzed
without dilution. The fat-free milk sample was used to represent the intrinsic attenuation

required by the acoustic particle sizing computations-.
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Intrinsic attenuation corresponds to the solvent attenuation, i.e. attenuation excluding the
discrete phase (particles/droplets) of the sample. The particle and solvent physical

properties required by the particle size computations were obtained from published datas.
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Some of the corresponding particle size data for the whole milk sample are as follows:
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Mean particle size, Volume weighted: 1.8 um, 25th, 75th percentiles: 0.9, 2.5 um
Mean particle size, Area weighted: 1.1 um, 25th, 75th percentiles: 1.46, 1.5 um
R Rif%: 1.8um, D25 A 0.9um, D75 A 2.5um

HACFRI42: 1.1um, D25 A 1.46um, D75 4 1.5um

Half and Half APS Particle Size Distribution
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Figure 6 above corresponds to a sample of half and half creamer measured by an APS- 100

instrument without dilution. The particle size data is as follows:

Mean particle size, Volume weighted: 1.45 um, 25th, 75th percentiles: 0.53, 2.6 um
Mean particle size, Area weighted: 0.65 um, 25th, 75th percentiles: 0.2, 0.68 um

K 6 % S I APS- 100 A3 s I 5 3 Bk 1 R LA it B X 40 «
R KI4E: 1.45um, D25 5 0.53um, D75 A 2.6um

HACFKI4E: 0.65um, D25 24 0.20um, D75 A 0.68um
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