




Biological effect 

of mixer 



Chick response to dietary protein variation 
 from 0 to 28 days of age 

Treatment Gain (g) F/G 

Control 773a 1.74a 

10% CV 716a 1.82b 

20% CV 703b 1.86c 
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Mixing concept 









 Mixing of active ingredients into a carrier material. 

 Mixing of multicomponent mixture. 

 Coating of a cohesive component onto a carrier. 









Active zone 

Active zone 













 
Larger particles are heavier 

and are subjected to higher 

inertial forces  

 
Different angle of repose  

 

Small angle of repose large angle of repose 



 
Larger particles may 
trigger an avalanche  

 

 
Trajectory segregation in 
aerodynamic conditions  

 



Shaking 
 vertically 

 
Sifting - large particles cannot 
pass through the small ones, 
but the opposite is possible  

 

 
Larger particles are 
heavier and fall into 

the "crater"  
 



 
Discharging segregated mixture 

by funnel flow  

 

 
Fluidizing at silo filling  
 



Causes for segregation 
 

• Differences in particle size  

 

• Differences in morphology  

 

• Differences in density  

 

• Components ratio  

 

• Cohesive interactions  

         moisture  

         static charge  



Kinetic Kinetic 









Diffusive Convective Shear 





















Mixer types 



 Affords good homogeneity with the component included at lowest possible content 
 Short mixing time 
 Variable degree of filling, with no loss of mixing efficiency 
 Complete emptying 
 Easy cleaning 
 Provision for adding liquids 
 Absence of heat during mixing 
 Provision to break the lumps 
 Easy to operate 
 Less consumption of energy 
 Less maintenance cost 
 Cost effective 
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Active Zone 

Dead Zone 
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Mixer capacity 
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Mixer elements 





 

 

 A good rule of thumb is that when the gap between the shell and 

the mixing element exceeds 1.3 cm, then the mixing element 

should be adjusted to decrease this gap. 



 Maintenance management  

Important management tool 

Worn or improperly adjusted mixer 

 

 

 

Mix time CV 
3 to 10 min < 10% 



Mixer Loading 





Mixer discharge 





Mixer cleaning 



Important cleaning? 
 

• Cross contamination 

• Microbial contamination 

• Unseal discharge door or gate 

• Self cleaning 

• Hand cleaning 

  



Mixing time 





Recommended mix times by mixer type (Froetschner, 2005) 

Mixer Type 
Mix Time, min 

Dry Mix Wet Mix 

Paddle 3 3 

Double shaft, double paddle 0.5 1 

Ribbon 2 3 

Double ribbon 1-2 2-3 

Double shaft, double ribbon 0.75-1 2 
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2.5% CV after 
1 to 2 minutes 





Mixing order 



Mixing order 

 

 

 
The sequence of addition of various ingredients while loading the 

mixer can affect the quality of premix. If proper mixer loading 

sequence is not followed, oil balls, chemical interactions and 

particle segregation can result in a premix.  

 
Add reactive material at the end 

 



Mixer efficiency 



Efficiency of the mixer 

 

The efficiency of the mixer characterizes the ability of the mixer to 

disperse the vitamin products homogeneously in the premix or the feed. 

Measurement of the efficiency of the mixer takes into account the effect of 

shear (energy transmitted to the mixture) and the mixing duration. 

 

The efficiency of the mixer is determined experimentally and should be 

supplied by the manufacturer of the mixer. 

 

 



A comparison  of biotin intake by broiler chicks consuming two 
sources of biotin 

category 
product 

Rovimix biotin Competitive triturate 

Inclusion rate, mg/ton 100 100 

Biotin consumption, particle/days 1000 12 

 

very low daily feed consumption 

 

very large particle count        distributed uniformly throughout the mix 

 



Why is particle size important? 



 

Relationship between the particle size profile 

and the number of particles 

Size of Particles 

Particle number in 1.0 

gram (specific gravity 

= 1.0) from D.E.Axe 

(1995) 

U.S Sieve 

series 

Diameter 

microns 

(μm) 

N° 18 1000 1,530 

N° 20 841 2,580 

N° 25 707 4,350 

N° 30 595 7,460 

N° 35 500   

N° 40 420 20,800 

N° 45 354   

N° 60 250 84,700 

N° 80 177 281,000 

N° 100 149 392,000 

N° 120 125   

N° 140 105 1,200,000 

N° 170 88   

N° 200 74 3,260,000 

N° 230 63   

N° 325 44 15,600,000 

Vitamin A 



Developing Mixer Performance Testing Procedures 

Diameters (μm): 177                  Vitamin A consumption, particles/day= 730 

Diameters (μm): 500                     Vitamin A consumption, particles/day= 19 



Mixer evaluation 





Choosing a Test Substance 
The following criteria should be considered when choosing the test 
substance: 
 
 The method to determine the level of the substance should be highly 

reproducible and have a low variation (e.g., for lab methods, the analytical 
variability should be less than the target CV for the mixer).  

 Only one ingredient should significantly contribute to the concentration of the 
test substance in the mix to avoid masking non-uniformity.  

 With respect to selection of the test substance, one or all of the following 
nutrients would appear to be suitable in most instances 

                       Met (synthetic) 
                       Minerals      



Prescribed Critical Limits 
The mixer is considered to be producing homogenous feeds when the 
coefficient of variation for the test batch is: 
 

  No greater than 5% for dilute drug premixes 

  No greater than 10% for micro or macro premixes and supplements  

  No greater than 15% for complete feeds and total mixed rations  





Samples should be 

taken at, or as close 

to the mixer 

discharge 











Evaluation of homogeneity in feed by 

method of micro tracers® 



Granulometric analyses  
 
Performed by method of Test sieving (ISO1591-1  1988 (E)). 
Homogeneity of mashes was determined by Microtracer® method (Micro Tracers, Inc., 
San Francisco, CA 94124) as a physical method of homogeneity testing. A sufficient 
amount of iron filings (Microtracer F, blue) , colored with a water soluble die, is added 
to the mix in mixing ratio 1:20.000 (50g/t) which results in 125 counts (particles) per 
sample, with the sample size of 100 grams. Feed mashes were mixed in horizontal 
ribbon mixer, under the same conditions and time of mixing was 5 minutes. After 
mixing, samples were taken directly from mixer. Sample size was about 100-150 g, and 
after analyzing of samples all values were calculated on 100 g sample size. Microtracer 
particles were separated from the feed sample with rotary magnet where iron 
particles were fixed on the magnetic surface of rotary detector. The iron particles are 
demagnetized and then sprinkled onto a large filter paper. The filter paper is then 
moistened with 50 % ethanol. When spots begin to develop, the paper is transferred 
to a preheated hot plate and dried (Arlet, 2003). All particles are counted. Number of 
spots presents concentration of added tracer in sample. All data are calculated by 
statistical program (Poison statistic) to determine mixing homogeneity. The value of 
PROBABILITY was criteria for homogeneity where it means that P<1 % mixture is not 
homogenous, when P>5% mixture is homogenous and in range of 1%<P<5% tracer 
results indicate mixing is marginal (Eisenberg, 1992).  





Evaluation of homogeneity in feed by 

Kansas University method  









Effect of marker selection and mix time on the 

coefficient of variation (mix uniformity) of 

broiler feed  

Kansas University   



Effect of marker selection and mix time on CV in the mixing process 

Marker 
Mix time (min) 

0.5 2.5 5.0 

DL Met 23.86a 4.56ab 9.47b 

L Lys HCl 19.75a 16.00ab 8.70b 

CP 7.73 7.29 6.86 

Chloride ion 20.26 12.75 15.08 

P 13.72 6.46 6.27 

Mn 36.25a 20.80a 17.59b 

Microtracer Red #40 (count) 21.77a 11.72ab 10.43b 

Microtracer Red #40 (absorbance) 21.13 20.52 16.88 

Microtracer RF Blue lake 32.49a 20.09a 18.64 

Roxarsone (3 Nitro) 30.42 25.15 25.54 

Semduramicin 27.40a 16.11a 11.23b 
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