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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-1CC) 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 (3x) milking in
three US states

» Simulated data: SO-S9, each containing 48,876 x
3 milking records under 0%-90% data shuftling.
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Two types of outliers

* Aunivariate 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.
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Herd-level intraclass correlation (ICC)

* Consider the one-way random effects model:
xij =,Ll+bl'+6ij

*  Within- and between-group variances are estimated by:

~2 1 n m _—2. ~2 1 n (= —\ 2 1 ~»
ow = Lim-1) i=12j=1(xij %) 0 = n-1 i=1(X; — X) — 0w
* Population-level ICC (Wu et al., 2025):
_ a\.g GENETICS | SHORT COMMUNICATION - Articlesin Press, June 03,2025 + Open Access
ICC = 2,2 Consistency assessment of milk fat and protein percentages across 3 daily milkings

Optow in Holstein and Jersey dairy herds
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Individual-level intraclass correlation (I-1CC)

* The I-ICC replaces the global estimate of within-group variance (63)

in ICC with its component corresponding to each cow-day group (s?):

I—ICCi= ) >

Op TS5

2 _ 1 =)
where Si —E jzl(xl-j Xl') .

* Challenge: How to determine the cutoff threshold for I-1CC?
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Decide the percentile threshold in two steps
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Examples

F,(2.773 + 2.198k) = p_value

\ 4

* Forv=3—-1=2,
90th percentile: k = 0.834
95th percentile: k = 1.464
99th percentile: k = 2.930
99.9th percentile: k = 5.023
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Baseline methods for comparison
* Z-score approach: standardized deviation for each observed value. Outliers as:

|Zij| >T (e.g., T=3)

XX A2 _ 1 n vk _\2
Zij = — » Owithin = n(k-1) “i=1 Zj=1(xij - xi)
\/O'within

* Interquartile range (IQR): a non-parametric method; works when deviates do

not follow a normal distribution.
d;; <Q1—15-IQRord;; > Q3+ 15-IQR; IQR = Q3 — Q1
« Mahalanobis distance (MD): a multivariate measure accounting for

correlations among variables.
Dig(x) = (x — 'S (x — W~xic: Dig(x) > Xic1-a
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Outlier rates (%) of milk fat percentage

Outliers (%)

Dataset N Mean &7 & IcC Hee Zscore QR MD _ HCC90 ICC95  FICC99  HCC999
A 15995 404 0274 0244] 0520 |0.681(0233) 075 114 455 455 296 137 054
B 13,336 4.05 0308 0.154| 0.666 |0.801(0.208) 0.48 073 281 241 149 073  0.29
C 8363 451 0256 0.248| 0.508 0.699(0.239) 0.7 140 463 503 350 1984  1.05
D 11,182 415 0368 0.283| 0.565 |0.717(0.236) 1.09 169 655 424 255 103  0.33
SO 48,876 4.15 0.308 0.211| 0.593 | 0.667 (0.200) 0.01 0.06 1.12 0.60 0.13 <0.01 <0.01
S1 48,876 4.15 0.278 0.242| 0.534 | 0.630(0.215) 0.16 0.33 2.60 2.45 1.10 0.24 0.04
S2 48,876 4.15 0.246 0.274 | 0.473 | 0.590(0.228) 0.32 0.63 4.15 5.23 2.77 0.78 0.15
S3 48,876 4.15 0.215 0.305| 0.413 | 0.546 (0.238) 0.47 0.92 5.70 9.19 5.36 1.78 0.41
S4 48,876 4.15 0.184 0.336| 0.354 | 0.500 (0.245) 0.61 1.19 7.17 14.5 9.16 3.53 0.98
S5 48,876 4.15 0.153 0.367 0.294 |0.448(0.248) 076 147 | 871 | 220 151 677  2.35
S6 48,876 4.15 0.121 0.399| 0.233 | 0.389 (0.246) 0.92 1.76 10.2 32.0 23.9 12.6 5.39
S7 48,876 415 0091 0.429 0.174 |0.323(0.237) 105 204 | 117 | 449 361 223 117
S8 48,876 4.15 0.059 0.461| 0.113 | 0.243(0.217) 1.21 2.34 13.3 61.6 53.6 39.2 25.6
S9 48,876 4.15 0.029 0.491| 0.055 | 0.148(0.175) 1.37 2.62 14.8 80.6 75.6 65.4 53.3
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Outlier rates (%) of milk protein percentage

) a2 Outliers (%)

Dataset N Mean g, 4 ICC HCC  Zcore 1QR  MD  HCC90 HCC95 HCC99  HCC999
A 15995 309 0087 0007 |0027 | 0.043(0.085)| 0.44 060 169 183 133 079 050
B 13336 319 0088 0.010 |0.897 |0.929(0.110) 1.03 132 327 365 288 180  1.14
C 8363 325 0114 0.012 0903 | 0.940(0.118) 173 211 502 427 342 233 134
D 11,182 3.18 0103 0015 0.875  0.926(0.118) 1.39 178 4.53 425 313 191  1.14
Co 48,876 3.17 0.095 0.010 0.902 | 0.910(0.077) 0.03 0.10 0.97 1.01 0.28 0.01 <0.01
C1 48876 317 0086 0.020 0.813 0.867(0.149) | 2.49 3.06 7.26 805 627 440  2.93
Cc2 48,876 3.17 0.076 0.029 | 0.721 | 0.820(0.195) 5.00 6.08 13.6 15.9 13.2 9.76 6.76
C3 48,876 3.17 0067 0.039 0633 0768(0.229) | 7.44 903 199 | 246 209 160 115
C4 48876 317 0057 0.048 0543 0710(0.255) | 9.93 120 262 @ 341 296 234 176
C5 48,876 3.17 0.048 0.058 | 0.451 | 0.642(0.276) 12.4 15.0 32.5 44 .8 39.7 32.3 254
Cé 48,876 3.17 0038 0.067 0.359  0.565(0.288) | 15.0 181 388 @ 564 512 429 352
c7 48,876 3.17 0.028 0.077 | 0.270 | 0.476 (0.290) 17.4 21.0 | 45.1% 68.5 63.6 55.3 471
Cs8 48,876 317 0019 0.086 0.180  0.368(0.275) | 19.9 240 514 @ 809 770 699 622
Co 48876 317 0010 0.096 0.090 |0.229(0.229) | 22.3 270 57.7 | 922 902 860  81.0
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Sensitivity and specitficity: protein percentage
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Effects of data shuffling on
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Take-home messages

 Conventional univariate and multivariate outlier detection methods
are not well-suited for identitying 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.
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