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Owing to improvements in milking devices and procedures, milk is now less likely to be contaminated with high
numbers of pathogens that cause contagious mastitis and foodborne illnesses. However, controlling the pathogens that
cause environmental mastitis remains insufficient and requires further improvement. This study examined the milk,
udder skin, and fecal microbiota in healthy cows managed using automatic milking systems in a free-stall barn. Samples
were collected during the summers of 2018 (Exp. 1) and 2020 (Exp. 2). Milk protein, fat, and solid-not-fat contents were
higher, and blood urea nitrogen and non-esterified fatty acid levels were lower in the 2020 samples. Principal coordinate
analysis demonstrated that milk, udder skin, and fecal microbiota were separate groups. Regardless of the sampling year,
the fecal microbiota was characterized by Ruminococcaceae, Christensenellaceae, and Oscillospiraceae. The milk
microbiota was characterized by Moraxellaceae, Bacillaceae, and Enterococcaceae in the 2018 samples and
Oxalobacteraceae and Muribacuraceae in the 2020 samples. The udder skin microbiota was characterized by
Erysipelotrichaceae in the 2018 samples, and Rhizobiaceae, Sphingomonadaceae, and Lactobacillaceae in the 2020
samples. Through network analysis, many bacterial taxa in the milk, udder skin, and fecal microbiota were shown to be
related to blood metabolites and milk composition. However, only a few have shown a positive or negative relationship
across the 2018 and 2020 samples. None of the milk composition was related to milk, udder skin, or fecal microbiota.
Except for the relationships between BUN and udder skin Erysipelotrichaceae and between BUN and udder skin
Peptostreptococcaceae, blood metabolites were unrelated to milk, udder skin, or fecal microbiota. No blood metabolites
were associated with typical mastitis pathogens, regardless of the milk, udder skin, fecal, or bedding microbiota.

These findings indicated that milk and udder skin microbiota varied at the herd level and were unrelated to the
nutritional status and milk composition in cows without clinical mastitis. Although several prevalent taxa were shared
in the bedding and udder skin microbiota and the udder skin and milk microbiota, selection and elimination occurred
during transmission, regardless of pathogens and non-pathogens. The udder skin and milk microbiota were not related
to the milk composition and blood metabolites, indicating that the nutritional status of the cows may not dictate milk

contamination with environmental microbiota.
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