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Introduction 

Mechanical disruption of intact grain kernels is needed for allowing access of digestive 
enzymes to the endosperm. Rolling and grinding is typically used for mechanical processing 
of kernels. Description of particle size distribution obtained by mechanical processing is 
needed to evaluate sufficiency of the process. Sieving is often used to analyse particle size 
distributions. Agglomeration of sample material on test sieves is a known problem and is 
typically solved by use of various sieving aids that keep sample material moving while 
sieving (Stark and Chewning, 2012; Retch brochure, 2013). 

The objective of this study was to implement a standardized sieving procedure for dry 
concentrate feeds in the department laboratory. 

Materials and methods  

Meals of wheat and maize were produced using a hammer mill (P50SP, President, Herning, 
Denmark) fitted with a 2 mm screen as described by Razzaghi et al. (2016). Particle size 
distribution analysis of grain meals was determined in two runs using a sieve shaker (AS200 
control, Retsch GmbH, Haan, Germany) and 8 circular sieves + pan (200 mm diameter test 
sieves, Retsch GmbH) with a 4000, 2000, 1000, 500, 250, 125, 63, and 45 µm opening test 
sieves. A 10 min shaking interval procedure was used with 10 second intervals and 2 mm 
amplitude. As agitators, 40 light and hollow plastic balls were put on all sieves finer than 
1000 µm (Figure 1). 

 

 
Figure 1 Sieving agitators (40 light and hollow plastic balls) as used on all test sieves finer than 1000 µm 

As dispersing agent, 0.5 g of SiO2 sieving agent (SSA-58, Gilson Company Inc., Lewis 
Center, Ohio, USA) per 100 g of sample was gently mixed into the sample. The SiO2 was 
assumed to distribute similarly to feed particles on test sieves as SiO2 attach to all particles.  

The geometric mean diameter (Dgw) and standard deviation (Sgw) of particle size 
distribution were calculated according to ASABE (2013). Statistical analysis was performed 
by meal using the Mixed procedure of SAS with a model containing aid (none, agitator, or 
agent) as fixed effect. Least significant means are presented. Means were separated using the 
Tukey-Kramer least significance test (P ≤ 0.10). Significance was declared when P ≤ 0.05. 
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Results and discussion 

For wheat meal, no visual agglomeration on test sieves appeared and no differences in 
amount of meal on the 250 µm and larger test sieves were observed (Table 1 and Figure 2). In 
spite of no visual agglomeration of meal, both agitators and the dispersing agent made more 
sample material move through test sieves 125 and 63 µm. Hence, more sample material was 
observed on the 45-µm test sieve as well as in the pan as compared to no particles on the 45-
µm sieve and pan when no aids were used. For wheat, there appeared to be no difference 
between using agitators or dispersing agent in particle size distribution. 
Appearance of particles on the finest test sieves with either sieving aid was not reflected in 
differences in calculated geometric mean diameter (Table 1). Yet, standard deviation for 
particle size distribution increased when sample material was spread over all test sieves from 
either sieving aid. 
 
Table 1 Particle size distribution (g/kg), and geometric mean diameter (Dgw) and standard deviation 
(Sgw) of wheat meal as affected by use of no aid, agitators (light plastic balls) or dispersing agent 
(amorphous SiO2) 

 Aids   
Item None Agitator Agent SEM P-value 
>1000 µm 72 60 71 4.2 0.24 
500 to 1000 µm 397 410 407 9.9 0.67 
250 to 500 µm 255 263 247 5.7 0.27 
125 to 250 µm 161a 130b 123b 3.9 0.01 
63 to 125 µm 113a 71b 86b 3.5 0.01 
<63 µm 0.9a 65b 65b 5.6 0.01 
Dgw1, µm 394 371 373 11 0.37 
Sgw1, µm 2.21a 2.41b 2.45b 0.023 0.01 

1Calculated according to ASABE (2013); a,b,c signify that means differ within row (P ≤ 0.10). 

 
 
 

 
Figure 2 Particle size distribution of wheat meal (hammer milled to pass a 2-mm screen) as affected by use of 
agitators (light plastic balls) and dispersing agent (amorphous SiO2). Each bar represents the mean of duplicate 
determinations. 
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For maize meal, visual agglomeration of sample material on test sieves clearly appeared on 
500, 250, and 125 µm test sieves (Figure 3), when no sieving aids were used. Use of agitators 
prevented visual agglomeration on test sieves 500 and 250 µm, but agglomeration on the 125 
µm test sieve was still visually evident. SiO2 dispersing agent prevented visual agglomeration 
of maize meal on any test sieve. 

 

500 µm 250 µm 125 µm 

Figure 3 Agglomeration of maize meal on 500, 250, and 125 µm test sieves when no aids were used. 

The visual observations of sample material agglomeration were clearly reflected in the 
particle size distributions when sieving aids were used (Table 2 and Figure 4). The amount of 
sample material on 500 and 250 µm test sieves was reduced and most sample material was 
observed on the 63 and 45 µm test sieves as well as in the pan with an agent present. Indeed, 
a greater amount of dispersing agent might make even more particles move through to the 
finest test sieves, but that was not tested in the current work. 

Table 2 Particle size distribution (g/kg), and geometric mean diameter (Dgw) and standard deviation 
(Sgw) of maize meal as affected by use of no aid, agitators (light plastic balls) or dispersing agent 
(amorphous SiO2) 

 Aids   
Item None Agitator Agent SEM P-value 
>1000 µm 26a 10b 18c 0.2 <0.01 
500 to 1000 µm 526a 256b 244b 5.5 <0.01 
250 to 500 µm 395a 278b 255b 6.0 <0.01 
125 to 250 µm 38a 308b 166c 3.3 <0.01 
63 to 125 µm 12a 134b 179c 8.7 <0.01 
<63 µm 0.2a 14b 137c 1.4 <0.01 
Dgw1, µm 508a 280b 229c 4.1 <0.01 
Sgw1, µm 1.61a 2.10b 2.59c 0.015 <0.01 

1 Calculated according to ASABE (2013); a,b,c signify that means to differ within row (P ≤ 0.10). 

The described effects of agitators and dispersing agent were reflected in decreased calculated 
geometric mean diameters from 508 to 280 µm with agitators and a further decrease to 229 
µm with dispersing agent, equivalent to a 81 and 122% overestimation without sieving aids, 
respectively (Table 2). Likewise, the standard deviation in particle size distribution increased 
the more the sample material was spread over all test sieves. 

These results for wheat and maize are in good agreement with the observations by Stark and 
Chewning (2012). For sieving easy flowing meals like that of wheat, use of agitators was 
sufficient to make sample material distribute to all test sieves; however, as a uniform 
procedure is preferred for routine laboratory analysis, general use of the dispersing agent is 
recommended. 
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Figure 4 Particle size distribution of maize meal (hammer milled to pass a 2-mm screen) as affected by use of 
agitators (light plastic balls) and dispersing agent (amorphous SiO2). Each bar is the mean of duplicate 
determinations. 

Conclusions 

It is recommended to routinely use the SiO2 dispersing agent as sample particles move 
through to the finest test sieve and pan both in meals without and with visual problems of 
agglomeration. 
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