TECHNICAL REPORT: CV OF MIXING QUALITY INDUSTRIAL QA STANDARDS

Calculating the Coefficient of Variation (CV) for Mixing
Quality

A Technical Guide to Evaluating Blender Efficiency, Sampling Protocols & System Optimization

1. Executive Summary & Core Concept

In industrial feed, food, and chemical processing, achieving homogenous ingredient distribution is paramount to
product safety, regulatory compliance, and consistent quality. The Coefficient of Variation (CV)—also referred to as
relative standard deviation—serves as the universal quantitative benchmark for assessing mixing uniformity and
blender mechanical efficiency.

Key Principle: The CV measures the relative dispersion of a specific tracer ingredient across multiple discrete
samples taken from a single batch. A lower CV percentage indicates a superior, more homogenous mix.

2. Mathematical Principles & Formulas

The CV evaluates variability relative to the overall sample mean concentration. The statistical equations are defined
as follows:

Sample Mean (x): x=(Zx)/n
Sample Standard Deviation (s): s=v[X (x,- )'()2 /(n-1)]
Coefficient of Variation (CV %): CV (%)= (s/x)x 100

Where X; is the measured concentration of the marker in sample i, and n is the total number of individual samples
(typically n = 10).

Spreadsheet Implementation: In Microsoft Excel or Google Sheets, the formula is executed as =STDEV.S(data) /
AVERAGE(data) * 100.

Outlier Handling: Individual statistical outliers (values deviating by more than 4x standard deviation) are
systematically excluded from final calculations to prevent sampling or laboratory artifacts from invalidating an
otherwise compliant batch.

3. Standard Testing & Sampling Protocol

Executing an accurate CV evaluation requires a rigorous 3-step testing protocol:

* Step 1: Marker / Tracer Selection

Select a suitable marker that accurately reflects micro-ingredients without analytical interference:

- Chemical Tracers: Sodium chloride (salt), micro-minerals (zinc, manganese), synthetic amino acids (lysine), or
soluble dyes.

- Physical / Particulate Tracers: Colored iron particles, iron filings (e.g., Microtracers), or coated beads.
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* Step 2: Sample Collection (Sampling)

Collect exactly 10 individual, non-pooled samples per batch test:
- From Discharge Chute: Sample periodically across early, middle, and late discharge streams.
- Inside the Mixer: Probe 3D spatial points (top, middle, bottom, left, right, corners) under lockout/tagout conditions.

* Step 3: Laboratory Analysis & Calculation

Analyze each sample individually via titration, spectrophotometry, or physical separation to determine sample
concentrations and compute the final CV.

4. Target Evaluation Standards & Benchmarks

Industry standards establish clear thresholds for categorizing blender performance:

CV Range (%) Uniformity Rating Assessment & Recommended Action

<10% Excellent (Pass) Meets general feed and food industry homogeneity standards.

10% — 15% Fair / Marginal Acceptable for coarse feeds; inspect mixing time or blade clearance.

>15% Poor (Fail) Unacceptable performance; risks localized nutrient toxicity or
deficiency.
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Figure 1: Graphical Representation of Industrial Coefficient of Variation (CV) Performance Thresholds.

Special Application Thresholds: For potent pharmaceuticals, veterinary medications, or concentrated
micro-premixes, stricter standards mandate CV < 5%.

Formulation Verification: A low CV percentage alone is insufficient if the sample mean (x) deviates significantly from
the target formulation dosage. Always cross-verify the mean concentration to rule out upstream dosing errors.

5. Mixer Diagnostics & Optimization Matrix

When CV values exceed acceptable limits (>10%), mechanical and operational factors must be evaluated by mixer
type:

Mixer Type Mixing Common Causes of High CV Corrective Actions
Mechanism
Horizontal Ribbon Shear & helical « Excessive ribbon-to-trough + Adjust ribbon clearance to 3-5
Mixer convection clearance (dead zones) mm
» Worn ribbons or insufficient mix + Conduct time-series tests (1, 2, 3,
duration 5 min) to find optimum time
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Mixer Type

Mixing
Mechanism

Common Causes of High CV

Corrective Actions

Twin-Shaft Paddle
Mixer

Fluidized bed action

+ Underfilling (<40%) or overfilling
(>80%) capacity
* Incorrect rotor RPM

+ Maintain batch fill volume strictly
between 40% and 80%

« Verify rotor RPM matches
specifications

Vertical Screw
Mixer

Vertical elevation &
gravity fall

« Insufficient cycle time
« Particle segregation due to density
differences

+ Increase mixing duration
significantly (often 10—15+ mins)
+ Avoid adding micro-ingredients
last

Tumbling / Drum
Mixer

Diffusion & rolling
shear

« Particle size or density mismatch
leading to de-mixing

+ Pre-blend fine powders before
loading

+ Optimize drum fill ratio and
rotational speed

6. Operational Summary & Recommendations

Regular CV testing is a fundamental component of proactive quality assurance. Plant engineers and QC managers
should perform quarterly CV assessments, validate mixer performance after major maintenance, and maintain strict
control over batch fill levels and mixing cycle times. By targeting CV < 10% (and CV < 5% for premixes),
manufacturers ensure optimal product consistency and prevent costly quality failures.
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