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Lactation-long changes in milk microbiota, milk composition, and metabolic profiles of Holstein
TN o and Jersey cows and the environmental microbiota of their barns
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The global demand for high-quality milk is soaring and this demand galvanizes farmers to boost high-
quality milk production while considering improving the breed of dairy cows. Jerseys produce milk with high
protein and fat contents compared to Holsteins, while Holsteins promise a much higher milk yield than Jerseys.
Lactating cows experience variable metabolic changes, especially during the periparturient period, which may
impact milk composition and microbiota. Two experiments were conducted in this study using Holstein and Jersey
cows. Milk and blood samples were collected every other month from eight Jersey and Holstein cows reared in
Okayama, Japan, throughout a lactation period. Airborne dust and bedding samples were also collected to
investigate the influence of environmental microbiota on milk microbiota.

Experiment 1 examined a Holstein herd at the Okayama Prefecture Livestock Research Institute. Milk
fat and protein contents increased steadily as the lactation period advanced. The SCC level remained unchanged
and below the threshold (2.0x10° cells/mL), indicating that the cows were healthy across the lactation. Although
plasma total cholesterol (T-Cho) and non-esterified fatty acids (NEFA) levels remained stable across the lactation,
the GOT and GPT levels were unexpectedly higher towards the end of the lactation period. Milk microbiota was
dominated by Lactobacillaceae, Lachnospiraceae, Muribaculaceae, Micrococcaceae, and Eubacteriaceae. This
finding was in contrast to other studies that often reported changes across seasons and lactation periods. Airborne
dust microbiota was predominated by S24-7, Lactobacillaceae, Ruminococcaceae, and Lachnospiraceae, and the
principal coordinate analysis (PCoA) clustered milk and airborne microbiota together. Hence, the airborne dust
microbiota may significantly influence the milk microbiota.

Experiment 2 examined a Jersey herd at the Chugoku-Shikoku Dairy College. Milk fat and protein
contents increased as the lactation period advanced. The SNF and MUN levels were higher at the advanced stages
of the lactation period, possibly due to the decline in milk yield. The levels of plasma total protein were higher in
the late than in the early lactation. The plasma NEFA was the highest in the first month after parturition and
decreased progressively towards the last month of the lactation. The T-Cho was lowest in the first month, peaked
in the second month, and progressively declined. Plasma GOT and GPT levels also fluctuated across the lactation
and peaked in the fourth month after parturition. The most abundant families of the milk microbiota across the
lactation period were Burkholderiaceae, Enterobacteriaceae, Oxalobacteriaceae, Ruminococcaceae, and
Erysipelotrichaceae. Burkholderiaceae and Oxalobacteriaceae were also detected in airborne dust and the
abundances changed comparably to the milk microbiota. However, the PCoA clustered milk and airborne
microbiota separately, except for the samples collected in the first month after parturition. The susceptibility of
milk microbiota to the contaminants of cowshed may vary between seasons and be affected by the nutritional and
metabolic statuses. Indeed, plasma GOT levels were positively and negatively related to the abundance of
Burkholderiaceae and Enterobacteriaceae in milk.

The two studies in this thesis indicated that the milk microbiota of healthy cows could be contaminated
with opportunistic bacteria in the cowshed, without showing mastitic symptoms and elevated SCC levels. The
contamination of cowshed microbiota would increase when the cows are at a depression of metabolic function like
increased GOT levels. Subtle disorders do not necessarily induce mastitis and other periparturient problems.
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