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Recent techniques for particle size analysis of food powder

m RANJEET SINGH

SUMMARY : Particle size information is a measure for the quality of processed food products. In this paper, an attempt has been made to
review various techniques and methods used for particle size analysis of food powers. Various methods for particle size measurement viz.,
based on separation, counting and ensemble methods are being used. Each measurement techniques produce a different answer becauseit is
measuring adifferent dimension of particle. We have discussed some of therelative features, advantage and disadvantages of different methods

employed for particle size analysis.
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food industry and allied sector has grown up sharply

during the last decade. An understanding of the
characteristics of masses of particle solid is necessary in
designing processes and equipments for processing.
Processed products-can be characterized by a range of
parameters, such as composition, particle size, shape, and
surface area. To optimize processing and meet the needs of a
processed end product, its most significant characteristics must
be specified and tightly controlled. By controlling the
distribution of the desired particle attributes, produce better
flow characteristics or packing density will be controled and
enhance the properties of the final product. The ability to
accurately analyze and control particle sizewill help to design
the dissol ution rate of adrug and the hydration rate and texture
of food product. It also predicts material-handling properties
such asflowability, filter blockage, and dusting tendency, and,
in doing so, to better design the process equipment.

Earlier, the standard screens were used to measure the
size of particlesin the range between about 3 and 0.0015 inches
(76 mm and 38 mm). Each screen isidentified in meshes per
inch. The characteristics of one common series, Tyler standard
screen are based on the opening of the 200-mesh screen
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The importanceof information on particlesizeanalysisin

(McCabe et al., 1993). In making an analysis, the sampleis
placed on the top screen and the stack shaken for 20 min. The
particles retained on each screen are removed and weighed,
and the mass of the individual screen incrementsis converted
to mass fraction or mass percentages of the total sample. The
approach is more appropriate for granules compared to
powders. Particle size estimation of powdersby sieve analysis
method has an inbuilt problem of sticking sample particles on
the sieve, thereby not permitting the small particle to pass
through the sieve opening. However, the approach continued
in the absence of better system. But these methods are not
much accurate and could not deal with particle sizedistribution
over awiderangeof particlesize. Although the effect of particles
interacting with light was described early in last century, the
idea of measuring particle size with physics principle could be
realized only after reliable laser based system developed
provided the source of monochromatic light and the
microcomputers are powerful enough to calculate the particle
size distribution. In parallel, the instrument based on laser
diffraction (LD) was developed and had become the standard
technique for particle size analysisin food and allied industry
(Leschonski et al.,1984).

The first instrument by mean of laser diffraction for
particle size analysis (PSA) of powders covered a measuring
ranges from coarser than 1 micron unto 200 microns. In the
mid-eighties a different attitude towards the particle size
analysis entered the global market with capable dry dispenser
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(Leschonski et al., 1984). Thisnew introduction revol utionized
the particle size analysis of powdersinthefood industry. This
technology grew the field of application. Today the particle
size system options are growing. Thelatest particle measuring
systems are completely supported and adjusted from data-
base controlled software and peripherals. On line and in-line
applicationsfor particle size analysis are ready today (Rothele
and Witt, 1998)

Modern particle analysis can be based on many theories
and models. Fraunhofer model (Anonymous, 2000) is one of
the simplest theories used. Thismodel can predict the scattering
pattern of light that is created when an opague and solid disc of
acertain known sizeis passed through alaser beam. Theresults
(i.e particle size distribution) thus, obtained are volume based
and expressed intheterms of equivalent spheresand the analyses
was done on the basis of derivation of distribution parameters.

Particlesizing methods can be separ ated into threedifferent
classes
Separation methods :

An outside force/process is used for the separation of
particlesbased onthe size. The quantities of separated different
sizesaredetermined.

Counting methods :
Individual particlesaremeasured and countsof similar size
particles are placed in to ‘size bins’ to construct a distribution.

Ensemble methods :

All particles in the samples are measured at the same
time. Sizedistribution dataisextracted from combined signal
for al particles.

The details of various methods are shown in flow diagram
below (Fig. 1).

| Particle sizing |

|Separation methods|_| Counting methods |—| Ensemble methods |
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(CHDF) counter: tion spectroscopy

Scanning mobility
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Fig. 1: Particle sizing methods

M ethodsof particlesizemeasurement :
Seves:

It is an old, but cheap and readily usable technique for
large particles, such as those found in some food processing
applications. It allows separation into some size bands if
required. Using this technique it is not possible to measure
sprays or emulsions and dry food powders below 38 mm.
Cohesive and agglomerated materials, such as milk powder,
are also difficult to measure and materials like food pulp
particlesareimpossible. Thelonger the measurement timesthe
smaller theanswer, as particlesorient themselvestofall through
the sieve. A true weight distribution is not produced as the
method relies on measuring the second smallest dimension of
the particle. This method can also produce strange results
withrod-like materialssuch asfood fibrEs. It isalow-resolution
method and usually only four to five size classes are provided.
This method is cumbersome and time taking (McCabe et al,
1993). The detailsof the various particle size analysis methods
aresummarizedin Tablel.

Sedimentation :

Thisisthe traditional method uses equipment as ssimple
as the Andreason pipette or as complex as centrifuges and X-
rays. However, asthe density of the material isneeded, itisno
good for emulsions where the material does not settle, or for
very dense material that settlestoo quickly. Temperatures also
reguire close monitoring in order to control viscosity. A 1°C
change in temperature will produce a 2 per cent change in
viscosity (Clarke, 2006). Other disadvantagesinclude slowness
of measurement, which makes repeat measurements tedious.
Irregularly shaped particles, such as disc-shaped particle, take
even longer to settledueto their increased in drag as compared
with equivalent spherical particles. The technique also has a
limited range, with particular difficultiesbelow 2 mmand above
50 mm (Burgesset al., 2004).

Capillary hydro-dynamic fractionation (CHDF) :

Thistechniqueis based on the Brownian motion. Asthe
particle move down the capillary defuse across the capillary
bore dueto Brownian motion (Beckman et al., 2005). Over time,
each of the particlesresides at al possible distances from the
center of the capillary. Large particles reach the end of the
capillary first, whereas small particles reach the end last. An
optical/ultrasonic detector at the end of the capillary measures
the concentration of particlesasthey exit the capillary in order
to deduce the particle size.

Scanning mobility particle analyzer (SMPS) :

This technique is based on the principle of a charges
particlein an electric field. The particle flow isinjected at the
outside edge of the Differential Mobility Analyzer (DMA).
Particle of agiven mobility exit through asample dit at thetop

Internat. J. Proc. & Post Harvest Technol., 3(2) Dec., 2012 : 315-319 &
HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE | 316



RECENT TECHNIQUES FOR PARTICLE SIZE ANALY SIS OF FOOD POWDER

Table 1: Compar ative study of various particle sizing techniques

Class Methods Advantage Disadvantages
Separation Sieves Itisan old, but cheap and readily usable  Timetaking
for large particles Agglomeration lead to error
Separation in size bands Not reliable technique.
Only for large solid particles.
Not suitable for particle less than 38um
Sedimentation Broad dynamic range Complicated algorithm for size separation
Very good resolution with small particles  History of mechanical and maintenance problems
Performance can be easily analyzed with  Relatively low run time
standards. Separation in rolling and sliding mode lead to error
Moderately dependent on particle
geometry
Capillary hydro-dynamic Relatively fast analysistime Aqueous emulsifier medium only
fractionation (CHDF) Minimum of information is needed about ~ Very poor resolution
the optical characteristics Capillary plugging is common problem
Performance can be analyzed with Non spherical particle may not be correctly measured.
standards.
Scanning mobility particle Most widely method used for aerosols Can measure only aerosol particles usually from 2.5-
analyzer (SMPS) Onsite particle size measure 1000nm size
Differential sedimentation High resolution Max dynamic rangeis 75 when disc speed is fixed.
(Disc centrifuge) Dynamic range up-to 1000 Non spherical particles are reported as smaller than
Size results may be corrected. correct.
Measure low density particles. Analysistimeislong for small particles.
Absolute weight accuracy is dependent on optical
properties and size.
Counting Electro-zone counter Broad range of size (0.5-300um) Dynamic sizerangeis limited.
Simple and easy to calibrate Need conductive fluids
Quick analysistime. Need eectrically insulated sample
Gives repeatable results Stray oversize particles lead to error below 1-2 ym
Resolution comparableto LALLS particles.
Lower limit resolution is poor.
Microscopy Evaluate range of shape and size Unreliable results
Long analysistime
Representative sample critical
Agglomeration of particle lead to misleading results
Slow, expensive and need expertise.
Optical counter Broad range of size (0.5-300um) Dynamic sizerangeis limited.
Simple and easy to calibrate Need conductive fluids
Quick analysistime. Need dectrically insulated sample
Gives repeatable results Stray oversize particles lead to error below 1-2 ym
Resolution comparableto LALLS particles.
Lower
Time-of-flight counter Works with dry powder Particle suspension is difficult
Easy calibration with known standards Particle below 0.2 microns can’t be measured
Range 0.2 to 700 microns Unknown error due to non-spherical particles
Fast analysistime (1 min)
Ensemble Laser diffraction (LD) Simple and fast data collection. Low resolution power

Dynamic light scattering

Ultrasonic attenuation
spectroscopy

Broad range (0.01-900um)

For solid and liquid measurement
Non-destructive

User friendly

Minimum information needed.
Differently mixture of material can be
analyzed.

Small measurable particle size

Tiny sample needed.

Fast and smple analysis

Non destructive

Able to measure turbid suspension
Technique relatively easy to implement

Dependent on optical parameter.

Particles with different optical properties cannot be
measured.

Scattering problems

Extremely low resolution

Problem of small particle in large sample

Extremely low resolution
Needed intense data for analysis
Restricted to online applicationsin industry

Internat. J. Proc. & Post Harvest Technol., 3(2) Dec., 2012 : 315-319
317 HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE



RANJEET SINGH

of DMA, whiledl other particlesexit with exhaust flow (Crowder
et al., 2002). The size of the particle is determined by the
particle concentration, charge, voltage and flow within the
DMA.

Differential sedimentation (disc centrifuge) :

This technique is based on the principle of both strokes
law and a light scattering. The disc centrifuge is a hollow,
optically clear disc with a central opening on one side. The
disc rotates with high speed ranging from 900-24,000 RPM. A
dilute sample (<1% solid content) isinjected into the center of
thedisc. Thetimefor particleto reach the detector beam versus
beam intensity is converted to a size distribution using both
strokes law and Mie theory of light scattering.

Electro-zone counter :

Thistechniquewasoriginally developed for sizing blood
cells. For industrial food materialsit has many drawbacks. Itis
difficult to measure emulsions and impossible to measure
sprays. Dry powders require suspension. Measurement must
take placeinan electrolyte, which createsdifficultiesfor organic
materials, and the method requires calibration standards that
areexpensive and change sizein distilled water and electrolyte.
Itisslow for materials of relatively wide particlesizeand it is
not easy to measure particles below 2 mm. Porous particles
and dense materials pose additional problems.

Microscopy :

This is an excellent technique that allows direct
examination of the particles in question, and one that is
relatively cheap. However, it isnot suitable asaquality control
technique. Also, asrelatively few particlesare examined, there
is an error of unrepresentative sampling and if weight
distribution is measured results are magnified. During
measurement, missing one 10 mm particle has the same effect
as missing one thousand 1 mm particles. Sample preparation
for electron microscopy is tedious and time consuming, and
for manual methodsrelatively fewer particlesare examined.

Optical counter :

The light counter is very much the optical equivalent of
the electrozone counter. Particles are forced through acounting
chamber, where afocused laser beamispartially blocked asthe
particle passes. The reduction in light intensity reaching a
detector is related to the optical cross section of the particle,
and thisis converted to the particle size (Haskell, 1998).

Time-of-flight counter :

The technique is based on the principle that particles
accelerate in the air flow according to size. Smaller particle
accelerate morerapidly than larger particles. Thistechniqueis
targeted for dry powders. An air streamis containing particles

isdrawn through afine nozzleinto apartial vacuum, producing
a supersonic shock of air (Shekunov, 2004). The accelerated
particles then pass two focused laser beams. The first laser
beam detects each particle and starts a time of flight clock,
while arrival at the second laser beam stops the clock.

Laser diffraction (LD) :

Laser diffraction is becoming the preferred standard in
many food industriesfor quality control. It offersawide dynamic
rangeand isvery flexible. For example, it ispossibleto measure
the output for a spray nozzleto get correct droplet size of milk
powder, something that has led to its wide application in the
food industries. Dry powders can be measured directly and
liquid suspensions and emulsions can be measured in a re-
circulating cell (Singh, 2006). This gives high reproducibility
for the determination of primary particle size. LD in non-
destructive and non-intrusive and a volume distribution are
generated which is equal to the weight distribution where
density is constant, making it of direct relevance to food
application. Other benefits are rapidity, time saving;
repeatability for reliable resultsand high resol ution (Shekunov
et al., 2003). There is no need to calibrate against a standard,
but equipment performance can be easily verified.

Dynamic light scattering :

In dynamic light scattering, also known as quasi-elastic
light scattering, the Brownian motion of sub-micron particles
ismeasured asafunction of time (Garmise, 2006). A laser beam
isscattered by particlein suspension. Thediffusion of particles
causes rapid fluctuations in scattering intensity around amean
value of certain angle (10-150 degree).

Ultrasonic attenuation spectroscopy :

Thistechniqueisbased on the principlethat plane sound
waves moving through a particle suspension are attenuated in
a predictable manner according to the size and concentration
of the particle in the suspension, the spacing of the transmitter
and receiver and other physical parameters (Swaminathan and
Kildsig, 2002). Attenuation of an ultrasonic wave passing
through a suspension may be modeled given a set of
mechanical, thermo-dynamical and transport properties
describing both the continuous and particulate media. The
relationship between spectral dataand particlesizeisillustrated
by considering attenuation curves (Shiraishi et al., 1995).

Conclusion:

Particle size analysis of food powders assumes greater
importance as it is directly linked with processed product
quality. Numbersof methodsare used for particle analysisand
sizing of food powders like sieve analysis, sedimentation,
microscopy and electro zone sensing etc. but, these methods
are not much accurate and could not deal with particle size
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distribution over awider range of particlesize. Thisproblemis
accurately dealt with particle size analyzer based on laser
diffraction. Laser diffraction (LD) is becoming the preferred
standard in food and allied industries for characterization and
quality control. It offers a wide dynamic range and is very
flexible. Ease in operation and better results output are the

advantages, which makesit ahead of other particlesizeanalysis
techniques. Finally, it is clear that as more particle sizing
methods become validated and accepted by the food industry,
they will be included in food regulatory guidelines, thus
enabling more consistent application of these techniques in
food and allied industry.
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