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The impor tance of par ticle size 
analysis in the food industry

We are what we eat.

Anon.



The impor tance of par ticle size 
analysis in the food industry

Why?
Par ticle size controls:
• Taste and feel of product (chocolate)
• Viscosity (chocolate, emulsions)
• Dissolution rate (milk, coffee)
• Freeze-drying rate (coffee)
• Creaming/flocculation (e.g.milk/cream)
• Stability (cream liqueurs)



Why?

Particle size character izes:
• Emulsification (shear  rate) - mayonnaise
• Indicator  of (unwanted) processes e.g.  

creaming, phase separation
• Crystallization (e.g.sugar)
• QC control parameter



Application areas

• Milk products (powders/liquid)
• Chocolate
• Coffee (dry)
• Sugar  (dry, crystallization)
• Emulsions (dairy cream liqueurs, ice 

cream, margar ine, butter , mayonnaise 
etc)



REPEATABIL ITY AND
REPRODUCIBILITY

So what’s important in defining a good
r esult?

• Repeatability:

   - instrument

   - dispersion
• Reproducibility

   - instrument

   - dispersion
   - sampling



Garbage in - Garbage out

The impor tance of sampling
• You can’ t get a good result from a bad 

sample
• Food products - segregation (consider  

museli)
• Division of pr imary sample crucial



SAMPLING

• Probably the most under-emphasized 
par t of any physical or  chemical 
measurement.

• “ The Cinderella of par ticle size 
measurement”  (Br ian Scar lett, Univ. 
Delft, Holland) - paraphrasing 
Leschonski who was paraphrasing Kaye!

• Chapter  1 of Ter ry Allen, Par ticle Size 
Measurement, 4th Edition, Chapman and 
Hall, 1993



Method

Cone & Quartering
Scoop Sampling
Table Sampling
Chute Rif fling
Spinning Riff ling
Random Variation

Estimated
max
error (%)

22.7
17.1
7.0
3.4
0.42
0.25

Efficiency
(%)

0.013
0.022
0.13
0.56
36.3

Reliability of selected sampling methods
(60:40 coarse,fine sand mixture)

Sampling
Ref: T. Allen Particle Size Measurement Chapman and Hall 4th Edition 1993 Page 39



Sampling



Sampling



Sampling - spinning r iffler



SAMPLING
Consecutive dry sampling of large mater ial (PTA)
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SAMPLING
Consecutive wet sampling of large mater ial (PTA)
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SAMPLING

Particle Diameter (µm.)
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SAMPLING
RIFFLED LARGE SAMPLE
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Sampling

• I f ther e is mater ial >75 or 100mmmmm, then
sampling will be the biggest potent ial
err or  in the measurement

• I t’ s the number of par ticles in the largest
size band that is important

• 1 X 100mmmmm particle = 106 X 1mmmmm part icles



Sampling

• To get  er ror s down to 1%, number of
particles in highest size band must be
>10000

• Why?  So that the addition of 1 mor e
particle does not  affect the overall r esult

• Glacial moraine (1 metr e boulder s + clay)



Sampling - summary

• You can’ t get a good result fr om a bad
sample - applies to all physical and
chemical measur ements.

OR:
• Gar bage in - Garbage out



Dispersion

My definition: any change during the
measur ement time.

For example:

• Dissolut ion

• (De)agglomeration
• Sedimentation

• Reaction

• Br eak-up of the mater ial



Effect of pressure in milk 
powder (dry)

Full fat r iffled
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Effect of pressure in milk 
powder (dry)

Skimmed riffled
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Dry analysis
• Dr y analysis (in air  stream) good for

easily dispersed mater ial of a reasonable
size range that will not br eak-up

• These include inorganics but vir tually no
organic mater ials (first examples
included milk powder.  See NZDRI)

   Some aspects of  measur ing the size and rate of dispersion of  milk
powder  agglomerates using the Malvern Par ticle Sizer  2600c

     X Dong Chen, Richard J Lloyd, J. Dair y Research (1994) 61 201 -
208



Compar ison - wet/dry when 
attr ition is occurr ing



Repeatability/reproducibil ity

Scor ing of factor s in repeatability and
r eproducibility

• Instrument    1

• Disper sion     10

• Sampling   up to 100
   Terry Allen’ s comment: “ Novices in the size-

measurement f ield must understand that most err ors in
size measur ement ar ise through poor sampling and
dispersion and not through instr ument inadequacies.”

    Advances in Ceramics, Vol 21: Ceramic Powder  Science, page 721,
The Amer ican Ceramic Society I nc. (1987)



Wet analysis - impor tance of RI

• ISO 13320 - if d < 40l  l  l  l  (25mmmmm for  He-Ne
light at 632.8nm, then optical proper ties 
impor tant - Mie theory

• More impor tant for  wet measurement 
than dry as n1/n2 is closer  to unity



Wet analysis - impor tance of RI
Practical example - milk



Wet analysis - impor tance of RI
Practical example - milk

• Bimodal separation (caesin/fat)
• Normally expect symmetr ical (log-

normal) plot for  emulsions
• Fraunhofer - false generation of large 

mater ial to explain scatter ing
• RI data: (Hannah Research Institute): DD Muir  et al (1991) , Character ization of 

dairy emulsions by forward lobe laser  light scatter ing - application to cream 
liqueurs  Milchwissenschaft, 46 (11), 691 - 694

• Caesin size - 260nm c.f. P. Walstra (1990), J. Dairy Sci., 73, 1965 - 1979



Chocolate
Justification of size measurement

• Technical (increase of viscosity as size is 
reduced; pumping difficulties below 6mmmmm 
or  so)

• Economic (smaller  sizes require more 
cocoa butter  to cover  sur face; cost 
increases in propor tion to the inverse 
square of size)

• Customer reaction - above 30mmmmm or  so 
chocolate is not smooth in mouth 



Chocolate

• Sampling is crucial
• Differences in edges and 

middle of 5-stage roll 
mill

• Dispersion in (expensive) 
organic solvent to mimic 
“ old”  results in 
chlor inated solvents 
(tr ichloroethylene and 
tr ichloroethane)



Chocolate effect of RI
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Chocolate - repeatability
Sample ID Rec  # Run # D-10 um D-50 um D-90 um <50um <20um <10um <5um <1um % 6 - 30 um Residual

Chocolate 1 1 2.28 8.35 30.88 98.12 78.19 56.22 31.98 0.67 50.99 0.464
Chocolate 2 2 2.28 8.33 31.07 98.1 78.2 56.33 32.02 0.66 50.79 0.469
Chocolate 3 3 2.28 8.39 31 98.2 78.07 56.08 31.86 0.66 51.03 0.459
Chocolate 4 4 2.29 8.4 31.26 98.03 77.89 56.02 31.8 0.65 50.88 0.438
Chocolate 5 5 2.28 8.41 31.23 98.01 77.89 55.95 31.81 0.66 50.92 0.45
Chocolate 6 6 2.28 8.37 31.31 97.98 77.94 56.13 31.89 0.67 50.75 0.44
Chocolate 7 7 2.28 8.36 31.03 98.16 78.1 56.19 31.95 0.67 50.9 0.47
Chocolate 8 8 2.28 8.37 31.16 97.99 78.06 56.13 31.89 0.66 50.88 0.451
Chocolate 9 9 2.28 8.38 31.26 98.02 77.91 56.09 31.88 0.66 50.81 0.469
Chocolate 10 10 2.28 8.38 30.95 98.24 78.08 56.12 31.9 0.66 51.02 0.472
Chocolate 11 11 2.29 8.39 31.41 97.89 77.91 56.07 31.82 0.66 50.75 0.456
Chocolate 12 12 2.29 8.38 31.17 98.1 78 56.1 31.86 0.66 50.89 0.466
Chocolate 13 13 2.28 8.36 30.93 98.17 78.24 56.23 31.92 0.66 51 0.485
Chocolate 14 14 2.29 8.37 31.19 98.01 78.03 56.14 31.9 0.66 50.83 0.476
Chocolate 15 15 2.29 8.38 31.27 98 77.97 56.13 31.86 0.65 50.81 0.468
Chocolate 16 16 2.29 8.36 30.93 98.07 78.25 56.21 31.89 0.66 51.05 0.464
Chocolate 17 17 2.29 8.42 31.31 98.02 77.81 55.91 31.78 0.65 50.89 0.462
Chocolate 18 18 2.29 8.4 31.26 98.08 77.88 55.99 31.79 0.65 50.9 0.481
Chocolate 19 19 2.29 8.43 31.44 97.92 77.8 55.9 31.74 0.65 50.84 0.477
Chocolate 20 20 2.29 8.37 31.18 97.96 78.09 56.17 31.87 0.65 50.87 0.445

MEAN 2.29 8.38 31.16 98.05 78.02 56.11 31.87 0.66 50.89
S.D. 0.01 0.02 0.16 0.09 0.14 0.11 0.07 0.01 0.09
VARIATION (%) 0.22 0.29 0.53 0.09 0.18 0.20 0.22 1.02 0.18



Cream liqueurs

Reasons for  measurement

• Stability
• Viscosity



Cream liqueur  - viscosity changes and 
relation with par ticle size



Cream liqueur  - viscosity changes and 
relation with par ticle size

• Par ticle size monitor ing age gelation of 
cream liqueurs

• More rapid than existing techniques and 
no potential damage to sample 
(electrozone sensing).

• Correlation with viscosity



Ice cream

I scream, you scream, we all 
scream for  ice cream…………



Ice cream

• Usually synthetic product (chicken fat as 
emulsifier  etc).

• Objective is to sell as much air  and water  
to the customer  as possible



Ice cream

• Structural changes in oil-in-water  
emulsions dur ing the manufacture of ice 
cream
J L Gelin et al  Food Hydrocolloids, 
(1994),  8(3-4), 299 - 308



Ice cream

• Measurement in water  and in 1-propanol 
in order  to determine size of milk powder

• Approx. 30mmmmm in propanol
• Approx. 0.26mmmmm in water  



Ice cream

• Changes in fat globule size dur ing 
freezing process

• Emulsion destabilized by freezing-
aeration-hardening



Coffee

• Control of freeze-drying process
• Granules easier  to handle than powder  

(and de-agglomerate/dissolve) easily
• Measured dry with care!  Note fine tail of 

milled product at 3-Bar



Coffee



Margar ine

• Control of emulsification process
• Viscosity dependence of par ticle size
• Change in oils alters size
• Propor tion of cis/trans affects 

melting/softening point
• Aging effect 
• Measure in oil from which the margar ine 

was der ived.  Sampling!



• Thank you very much for  attending
the seminar

• For further  information please visit
our  Web site:

        www.malvern.co.uk


