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Motivations

• High-quality milk and milk component data are crucial for accurate 

genetic evaluations and daily herd management. 

• We recently proposed using intraclass correlation (ICC) as a herd-

level metric to assess the consistency of milk components from single 

milkings, thereby effectively identifying farms with potential data 

quality concerns. 

• In the present study, we proposed a similar metric, namely individual 

ICC (I-ICC) for milk component data at the cow-day level.
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Data

• Real data: Four Holstein dairy farms (A, B, C, and 

D) practicing three times daily (3×) milking in 

three US states

• Simulated data: S0-S9, each containing 48,876 × 

3 milking records under 0%-90% data shuffling.
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Two types of outliers

• A univariate outlier is an extreme value in a single variable, such as a 

cow producing over 100 kg of milk daily when the population average 

is approximately 30 kg with a standard deviation of 10 kg.

• Multivariate outliers are observations that appear unusual only when 

considering multiple variables simultaneously. For example, a cow may 

produce a normal fat percentage in one milking but an abnormally low 

or high fat percentage in the other on the same test day.



Herd-level intraclass correlation (ICC)

• Consider the one-way random effects model:

  𝑥!" = 𝜇 + 𝑏! + 𝜖!"
• Within- and between-group variances are estimated by:

  '𝜎#$ =
%

& '(%
∑!)%& ∑")%' 𝑥!" − �̅�!

$
； '𝜎*$ =

%
&(%

∑!)%& �̅�! − �̅� $ − %
'
'𝜎#$

• Population-level ICC (Wu et al., 2025):

   	 ICC = !"+
,

!"+
,#!"-,

5



Individual-level intraclass correlation (I-ICC)

• The I-ICC replaces the global estimate of within-group variance ( '𝜎#$ ) 

in ICC with its component corresponding to each cow-day group (𝑠!$):
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• Challenge: How to determine the cutoff threshold for I-ICC? 
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Decide the percentile threshold in two steps
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Examples

• For 𝜐 = 3 − 1 = 2, 

 90th percentile: 𝜅 = 0.834

 95th percentile: 𝜅 = 1.464
 99th percentile: 𝜅 = 2.930

 99.9th percentile: 𝜅 = 5.023
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F. 2.773 + 2.198𝜅 = 𝑝_𝑣𝑎𝑙𝑢𝑒
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Baseline methods for comparison
• Z-score approach: standardized deviation for each observed value. Outliers as: 

𝑧$% > 𝑇 (e.g., T=3) 
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• Interquartile range (IQR): a non-parametric method; works when deviates do 

not follow a normal distribution.

   𝑑$% < 𝑄1 − 1.5 4 𝐼𝑄𝑅 or 𝑑$% > 𝑄3 + 1.5 4 𝐼𝑄𝑅; 𝐼𝑄𝑅 = 𝑄3 − 𝑄1
• Mahalanobis distance (MD): a multivariate measure  accounting for 

correlations among variables.

  𝐷3/ 𝒙 = 𝒙 − 𝝁 4𝑺'0 𝒙 − 𝝁 ~𝜒1/;    𝐷3/ 𝒙 > 𝜒1,0'6/



Outlier rates (%) of milk fat percentage 

10



Outlier rates (%) of milk protein percentage 
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Sensitivity and specificity: protein percentage
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𝜋%|% = 𝑝 𝑦∗ = 1|𝑦 = 1

𝜋1|1 = 𝑝 𝑦∗ = 0|𝑦 = 0



Effects of data shuffling on 
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𝑦 = 𝜇 + 𝑎𝑥 + 𝑏 5 𝑀𝐼𝑇 + 𝑐 5 𝐷𝐼𝑀 + 𝐿𝐴𝐶𝑇 + 𝜖

R" =
Var(𝑦)

𝑉𝑎𝑟 𝑦 + 𝑀𝑆𝐸



Take-home messages

• Conventional univariate and multivariate outlier detection methods 
are not well-suited for identifying outliers of milk components. 

• We proposed a new metric, namely I-ICC, which proved informative 
and practical for evaluating milk component data quality at the cow-
day level. 

• Record shuffling, like many other milking record errors, compromised 
the accuracy of estimated daily fat and protein percentages.

14



15


