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Mixing
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Mixing concept
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Active zone

Active zone
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Larger particles are heavier

and are subjected to higher

inertial forces

Different angle of repose 

Small angle of repose large angle of repose
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Larger particles may 
trigger an avalanche 

Trajectory segregation in 
aerodynamic conditions 
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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" 
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Causes for segregation

• Differences in particle size 

• Differences in morphology 

• Differences in density 

• Components ratio 

• Cohesive interactions 

moisture 

static charge 
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Diffusive Convective Shear
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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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Loading Time

Mixing Time

Discharge, Change direction & Self cleaning 55
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Mixer capacity
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Mixer elements



Jared R. Froetschner,2005: Mixing: A detailed look at the factors that influence mix uniformity.
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Maintenance management 

important management tool

worn or improperly adjusted mixer

Mix time CV
3 to 10 min < 10%
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Mixer Loading
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Mixer discharge



Flow Patterns
Discharge of particles

residence time distribution 

(RTD) 

cylindrical hopper

conical hopper with 

obstacle

conical hopper with 

θcone=15°

conical hopper with 

θcone=45°

Hamid reza norouzi.,et al , 2016: Coupled CFd‐deM Modeling
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Mixer cleaning



• Cross contamination

• microbial contamination

• Unseal discharge door or gate

• Self cleaning

• Hand cleaning
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Mixing time
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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
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Mixer evaluation
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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 
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Evaluation of homogeneity in feed by 

method of microtracers®
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Evaluation of homogeneity in feed by 

Kansas University method 
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Effect of marker selection and mix time on the 

coefficient of variation (mix uniformity) of 

broiler feed 

Kansas University  
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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

91



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

92



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

93



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

94



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

95



Scrutinizing mixer efficiency and 

poultry feed homogeneity

O. Nouri°, M. Zaghari*, H. Mehrvarz°
°Member of the academy of Mina-Toyoor. Iran 

*Professor at University of Tehran Department of Animal Science. Iran

Objective of the study

Correct marker selection is very important to accurately

calculate the mixing coefficient of variation, and its

affect on the accuracy of evaluation. In a study, two

sources of zinc oxide were evaluated, for scrutinizing

mixer efficiency and poultry premix homogeneity.

Materials and methods

• Treatments

Activated ZnO, (HiZox®)

Regular ZnO

 Both source contained 76% pure Zn

• Sampling

Premix collected from mixer after 60 seconds mixing.

Samples were taken by a special sampling instrument

installed at the discharge of a three-dimensional paddle

turbo mixer.

• Measurements

Particle size

Flowability

Zinc content of (5%) broiler breeder premix samples

were measured by atomic absorption spectroscopy.

• Statistical analysis

Analysis was carried out by the general linear models

procedure of the SAS 9.0 software.

Testing homogeneity of variance was done by Brown-

Forsythe test.

Trial was conducted in the feed mill laboratory of the

academy of Mina-Toyoor.

Results

Results indicated that homogeneity of premix was

affected by the source of zinc oxide (P<0.1).

Coefficient of variation for premix contained activated

zinc oxide was significantly better than Those contained

regular ZnO (3.65 vs 5.65).

Activated ZnO

Regular ZnO

Physical Properties of Different Zinc-Oxide Sources

Zinc Oxide 

source

Particle 

Size

(μm)

Shape Angle repose

(degree)

Mixability

Activated ZnO <100 platelet 28 good

Regular ZnO 100-1000 rod-like 35 poor
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