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ABSTRACT

The objective of this study was to determine the asso-
ciations of rumination time (RT) and health status with
milk yield and milk composition. This study used 339
dairy cows from 4 commercial dairy farms in Ontario,
Canada (first lactation, n = 107; second lactation, n =
112; >third lactation, n = 120). Rumination time was
monitored (24 h/d) using an automated system from 1
to 28 d in milk (DIM). Cows were milked 3x /d on each
farm, and 2 farms recorded milk weights at each milk-
ing to determine daily milk yield (n = 170). Cows were
also monitored for milk composition (fat and protein
content) 1x/wk. Last, subclinical ketosis (SCK) was
diagnosed 1x /wk; cows with at least one blood sample
with 3-hydroxybutyrate >1.2 mmol /L postcalving were
diagnosed with SCK. Cases of retained placenta, me-
tritis, milk fever, or mastitis during the study period
were also recorded. Cows were categorized into 1 of 4
groups: healthy cows that had no SCK or any other
health issue (HLT; n = 139); cows that were treated
for at least one health issue other than SCK (HLT+; n
= 50); SCK cows with no other health problems dur-
ing transition (HYK; n = 97); or cows that had SCK
and one or more other health problems (HYK+; n =
53). All data were summarized by week across cows,
and the associations between rumination time and milk
yield (n = 170) and milk composition (n = 339) were
modeled. Across all lactations, and including all health
categories, milk yield increased by week, whereas fat
and protein content both decreased by week. A positive
association was found between summarized RT and
milk yield in first-lactation (4+0.006 £+ 0.003 kg/min
of RT) and second-lactation (4+0.015 £+ 0.004 kg/min
of RT) cows from 4 to 28 DIM, as well as in >third-
lactation cows; however, the relationship between RT
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and milk yield differed across weeks in those cows. A
negative association between RT and milk fat content
was found in >third-lactation cows (—0.002 £ 0.00059
percentage points/min of RT). From 4 to 28 DIM,
>third-lactation HYK and HYK+ cows produced less
protein (0.11 4+ 0.051 and 0.13 £+ 0.056 percentage
points, respectively) than HLT cows. Over the 4-wk
observation period, first-lactation HYK+ cows tended
to deposit 0.11 £+ 0.056 percentage points less protein
in their milk compared with HLT cows. Second-lacta-
tion HYK+ cows produced less milk than HLT cows
each week during early lactation. In summary, RT was
positively associated with milk yield in early-lactation
dairy cows, across all lactations, and negatively associ-
ated with milk fat content in >third-lactation cows.
Further, the results showed that early-lactation cows
that experience SCK, particularly with one or more
other health problems, might have decreased milk yield
and milk protein content.
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ketosis

INTRODUCTION

Dairy cows are a foregut fermenting species and
thus, rumination is a natural behavior. A proper ra-
tion should include adequate physically effective fiber
(Kononoff et al., 2003a; Beauchemin and Yang, 2005)
to stimulate regurgitation, remastication, and swallow-
ing of boluses (Welch, 1982). The process of rumina-
tion increases the surface area of feed particles, making
them more accessible to microbes, but it also stimulates
saliva production to help buffer the rumen and create a
homeostatic environment for microbes (Erdman, 1988;
Allen, 1997). Rumination facilitates the passage of DM
from the rumen through the gastrointestinal tract as
particles are broken down. As passage rate increases,
DMI increases in dairy cows (Nelson and Satter, 1992).
Thus, based on the role that rumination plays in di-
gestion and passage rate, it would be expected that
rumination activity be related to feed intake in dairy
cows (Clément et al., 2014).

462



RUMINATION AND MILK PRODUCTION

To date, rumination activity has been most consis-
tently associated with intake of physically effective NDF
(peNDF), which combines dietary particle length and
dietary NDF content, and is directly related to chew-
ing activity and rumination (Yang and Beauchemin,
2006a). As the level of peNDF increases in the diet,
the cow is stimulated to ruminate more (Zebeli et al.,
2012). There is less consistent association of rumina-
tion with overall DMI in dairy cows. Schirmann et al.
(2012) found that cows spend more time ruminating
about 4 h after periods of high feed intake but found
no association across the day. Rumination time has,
more recently, been found to be a significant but small
contributor in a DMI prediction model (Clément et al.,
2014).

Given that DMI is the primary driver of milk produc-
tion (Bargo et al., 2002), rumination time (RT) may be
relatable to milk yield and milk composition. In fact,
Soriani et al. (2013) were able to identify a positive
association between milk yield and RT. Further, rumi-
nation behavior could be a promising indicator to track
metabolic conditions associated with a decrease in DMI
(Soriani et al., 2012), such as subclinical ketosis (SCK).
This metabolic condition is defined as an elevation of
ketone bodies in the blood, specifically BHB concentra-
tion >1.2 mmol/L during the postcalving period, with
the highest incidence occurring between 5 and 16 DIM
(Geishauser et al., 1998; Oetzel, 2004; McArt et al.,
2012). To generate energy, fatty acids are converted
into ketone bodies and, as these metabolites accumu-
late in circulation, DMI further decreases, as ketone
bodies increase satiety (Allen et al., 2009; Piantoni and
Allen, 2015). Kaufman et al. (2016) recently demon-
strated that cows diagnosed with SCK after calving
ruminate less than healthy cows during the week before
and the week after calving. While fatty acids are being
mobilized, they may also be incorporated into milk fat
(Van Haelst et al., 2008); therefore, it may be possible
to use milk composition, specifically fat content of the
milk, as a diagnostic tool for SCK. Other researchers
have found that negative energy balance tends to in-
crease milk fat content while decreasing milk protein
content (Miettinen and Setéld, 1993; Nir Markusfeld,
2003). Related to that, increased milk fat:protein (FP)
ratios are associated with negative energy balance and
may be indicative of SCK (Grieve et al., 1986; Duffield
et al., 1997; Jenkins et al., 2015).

The objective of this study was to determine associa-
tions of RT and health status (SCK) with milk yield
and milk composition. We hypothesized that greater
RT would be associated with greater milk yield. We
also predicted that SCK would be associated with lower
milk yield and higher milk fat due to an increase in
circulating fatty acids during fat mobilization.
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MATERIALS AND METHODS

This research was part of a larger study aimed at
evaluating the efficacy of rumination monitoring for the
early detection of SCK. As such, detailed descriptions
of the methodology are presented in Kaufman et al.
(2016). In summary, 339 dairy cows (first lactation, n
= 107; second lactation, n = 112; >third lactation, n
= 120) on 4 commercial dairy farms were monitored
for daily RT and sampled once weekly for milk com-
ponent analysis and SCK testing from 4 to 28 DIM.
Daily milk yield data were collected on 2 of the 4 farms.
All cows were housed in freestall facilities, milked in
a parlor 3x/d (farm 1: 0300, 1100, and 1900 h; farm
2: 0500, 1300, and 2100 h; farm 3: 0500, 1300, and
2100 h; farm 4: 0430, 1315, and 2115 h), and fed a
TMR 1x/d (farm 1: 0700 h; farm 2: 0630 h; farm 3:
0500 h; farm 4: 0730 h). The nutritional breakdown of
each farm’s fresh-cow TMR is described in Kaufman et
al. (2016). Physically effective NDF was calculated (as
per Yang and Beauchemin, 2006a) as (1) the propor-
tion of DM retained by the 19- and 8-mm sieves of the
Penn State Particle Separator (PSPS; Kononoff et al.,
2003b) multiplied by dietary NDF content (peNDF.g);
and (2) the proportion of DM retained by 19-, 8-, and
1.18-mm sieves of the PSPS multiplied by dietary NDF
content (peNDF., 15). The peNDF_; for the fresh-cow
ration on farms 1, 2, 3, and 4 was 19.1, 15.3, 13.0, and
18.6, respectively. The peNDF., ;5 for the fresh-cow ra-
tion on farms 1, 2, 3, and 4 was 28.5, 25.2, 23.1, and
26.4, respectively. Animal use and study design were
approved by the University of Guelph’s Animal Care
Committee (AUP#2518) and Research Ethics Board
(REB#14JA015), respectively.

Rumination Behavior

As described by Kaufman et al. (2016), rumination
activity was monitored 24 h/d from 2 wk before calving
until 4 wk after calving, using an electronic rumination
detection system (Hi-Tag, SCR Engineers Ltd., Ne-
tanya, Israel), as validated by Schirmann et al. (2009).
Each individual cow’s rumination data were uploaded
to the system at least once every 23 h. The system
recorded how many minutes the cow was ruminating
per 2-h interval; the twelve 2-h intervals were summed
each day to create a daily RT.

Determining Health Status

Blood samples were collected from the coccygeal vein
1x/wk, and blood BHB concentration was measured
in millimoles per liter using the Precision Xtra meter
(Abbott Diabetes Care, Saint Laurent, QC, Canada),
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as validated by Iwersen et al. (2009). Blood samples
were taken at the same time relative to feeding (2
to 6 h after feeding) each week on every farm. Cows
were classified as being SCK when at least one BHB
reading during the 4-wk postcalving period was >1.2
mmol/L (Geishauser et al., 1998; McArt et al., 2012).
Producer-reported cases of retained placenta, metritis,
milk fever, or mastitis during the study period were
also recorded. Cows were categorized into 1 of 4 groups:
cows that were not SCK and were not treated for any
other health issue (HLT; total n = 139; first lactation,
n = 52; second lactation, n = 57; >third lactation, n =
30); cows that were not SCK but were treated for any
other health issue (HLT+; total n = 50; first lactation,
n = 20; second lactation, n = 13; >third lactation, n =
17); cows that were SCK but were not treated for any
other health issue (HYK; total n = 97; first lactation,
n = 21; second lactation, n = 32; >third lactation, n
= 44); and cows that were SCK as well as treated for
at least one other health issue (HYK+; total n = 53;
first lactation, n = 14; second lactation, n = 10; >third
lactation, n = 29).

Milk Production and Composition Data

All participating farms milked 3x daily, and each
weekly visit by researchers coincided with the milking
schedule at each farm. Two of the 4 farms had on-site
milk recording systems (farm 1: DeLaval milk meter
MM27BC, DeLaval, Tumba, Sweden; farm 3: Metatron
12 milk meter, WestFalia, GEA Farm Technologies,
Diisseldorf, Germany), which were used to record daily
milk yield from 1 to 28 DIM for each sample cow in first
lactation, n = 49 (HTL, n = 23; HLT+, n = 3; HYK, n
= 16; HYK+, n = 7); second lactation, n = 54 (HTL,
n = 28; HLT+, n = 7; HYK, n = 15; HYK+, n = 4);
and >third lactation, n = 67 (HTL, n = 13; HLT+, n
= 6; HYK, n = 32; HYK+, n = 16). Milk yield data
for sample cows was downloaded on farm 3 each week
from the milk recording software (DairyPlan C21, GEA
Farm Technologies). Milk yield data for sample cows
on farm 1 was obtained from Herd Navigator software
(ALPRO, DeLaval) at the end of the trial. Milk weights
for the morning, afternoon, and evening milkings were
summed to obtain daily milk yield; if data were missing
at any milking due to technical problems, the milk yield
for that day was reported as a missing value (n = 487).

Milk sampling for milk component analysis was per-
formed each week on all farms. During one milking,
1x /wk, researchers collected a composite milk sample
(10 mL) from each sample cow using a milk meter
(farm 1, DeLaval milk meter MM27BC, DeLaval; farms
2, 3, and 4, WB HI/Pullout, Tru-Test Ltd., Auckland,
New Zealand). Milk samples were taken during the
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same milking time each week at each farm; this was the
second (afternoon) milking of the day on farms 1 (1100
h) and 3 (1300 h), and the first (morning) milking of
the day on farms 2 (0500 h) and 4 (0430 h). All milk
samples were stored in a cooler, on ice, until researchers
returned to the laboratory, where samples were frozen
at —20°C for a minimum of 24 h. The first milk sample
was obtained at a minimum of 4 DIM to avoid sampling
colostrum. Four milk samples were collected from each
sample cow within 4 wk after calving (wk 1, 7 + 2.5
DIM, mean £+ SD; wk 2, 14 + 2.4 DIM; wk 3, 21 + 2.3
DIM; wk 4, 28 + 2.1 DIM). Milk samples were sent
to CanWest DHI (Guelph, ON, Canada) and analyzed
for fat content (%) and protein content (%). Then, FP
ratios were generated by dividing fat content of the
milk sample by protein content.

Statistical Analysis

Before analyses, all data were screened for normality
and outliers using the UNIVARIATE procedure of SAS
(version 9.4; SAS Institute Inc., Cary, NC). Outliers (de-
fined as those values >1.5 times the interquartile range
above the third quartile or below the first quartile) were
detected for milk fat (n = 22) and milk protein (n =
20) content, and thus were excluded from the analyses.
Statistical analyses were performed with SAS (version
9.4; SAS Institute Inc.) using cow within farm (milk
yield analysis, n = 170; milk component analysis, n =
339) as the experimental unit. Daily milk yield (kg/d)
and daily rumination time (min/d) were summarized
by cow and week (wk 1, 4 to 10 DIM; wk 2, 11 to 17
DIM, wk 3, 18 to 24 DIM; wk 4, 25 to 31 DIM) such
that these data aligned with the once-weekly sampling
of milk components and testing of SCK. These data
were analyzed in a general linear mixed model (MIXED
procedure in SAS), treating week as a repeated mea-
sure. Because of differences in milk sampling times as
well as nutrition and management between farms, we
tested farm as a fixed effect in a preliminary analysis to
determine whether there were farm-specific effects on
rumination, milk yield, and milk components; no effect
of farm was detected and thus farm was considered ran-
dom for all analyses. Significance was declared at P <
0.05, and tendencies were reported if 0.05 < P < 0.10.

When analyzing RT, Kaufman et al. (2016) found
a 3-way interaction between parity, health status, and
week relative to calving. Because of this association,
summarized RT and health status were not included in
the same models.

To address our first objective, we individually associ-
ated RT and week with milk yield data (n = 170),
milk fat content (n = 339), milk protein content (n =
339), and FP ratio (n = 339) across all cows and health
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status categories. These models included the random
effects of farm and cow within farm (accounting for
repeated measures across weeks) and the fixed effects
of parity, week, and RT. The interactions of parity
with week and parity with RT, as well as the 3-way
interaction of parity, week, and RT were considered.
The covariance structure was unstructured, selected by
best fit according to Schwarz’s Bayesian information
criterion. An interaction between RT and parity was
found for milk yield (P < 0.001) and milk fat content
(P = 0.01); thus, data from cows in first, second, and
>third lactation were analyzed separately. These sepa-
rate models included the fixed effects of RT and week,
with farm and cow within farm included as random ef-
fects. Two-way interactions were retained in the model
if significant.

The next objective was to determine how milk yield
(n = 154), fat content (n = 289), protein content
(n = 289), and FP ratio (n = 289) varied between
healthy cows and cows with SCK. Comparisons were
made between HLT and HYK cows and between HLT
and HYK+ cows, respectively; HLT+ cows were not
considered in this analysis. Therefore, the models for
the milk-related data included the random effects of
farm and cow within farm (accounting for repeated
measures across weeks) and the fixed effects of par-
ity, health status, and week. Interactions of parity with
week, and parity with health status, and 3-way interac-
tions of parity, health status, and week were considered.
The covariance structure was unstructured, selected by
best fit according to Schwarz’s Bayesian information
criterion. For milk yield, a tendency (P = 0.08) for
a 3-way interaction was found between parity, health
status, and week. Further, for milk fat content, a ten-
dency (P = 0.06) for a 2-way interaction was found
between parity and week. Thus, we opted to analyze
the data from first-, second-, and >third-lactation cows
separately. These separate models included the fixed
effects of health status and week, with farm and cow
within farm included as random effects. The interaction
between health status and week was also retained in the
model if significant. Differences in milk yield, milk fat
content, milk protein content, and FP ratio between
health categories and weeks were compared using the
least squares means procedure with the PDIFF option.
The Tukey-Kramer method was used to adjust the
probability of differences in milk-related data across
the 4 wk.

RESULTS AND DISCUSSION

Over the 4-wk observation period, first-, second-, and
>third-lactation cows on farms 1 and 3, where milk
yield data were collected, ruminated for 428 + 103.1,
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464 + 110.9, and 464 4+ 108.1 min/d, respectively.
This falls within typical ranges reported in the litera-
ture (e.g., 340 to 540 min/d: Kononoff et al., 2003a;
Beauchemin and Yang, 2005; Yang and Beauchemin,
2006b). As expected, each lactation category had an
increase in milk yield each week (P < 0.04) during
early lactation. For first- and second-lactation cows,
there was an association of milk yield with RT and
week (Table 1). For every 30-min increase in daily RT,
daily milk yield from 4 to 28 DIM increased by 0.18
+ 0.086 kg/d (P = 0.03) and 0.45 + 0.13 kg/d (P <
0.001) for first- and second-lactation cows, respectively,
as illustrated in Figure 1. For >third-lactation cows,
there was an interaction between RT and week (P =
0.001); for every 30-min increase in daily RT, milk yield
increased by 1.19 + 0.17, 1.45 £ 0.18, 0.98 + 0.20, and
1.08 4+ 0.21 kg/d during wk 1, 2, 3, and 4, respectively
(Figure 2; Table 2). An increase in milk yield must be
supported by an increase in DMI to support energy de-
mand (Maekawa et al., 2002; Beauchemin et al., 2008),
which may also explain the increase in RT (Clément
et al., 2014). Using a similar system to monitor RT
as in the present study, Soriani et al. (2013) observed
a positive correlation between RT and milk yield in
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Figure 1. Scatterplot of summarized daily milk yield and daily
rumination time from 4 to 28 DIM for dairy cows in (a) first (n = 49,
r = 0.37) and (b) second (n = 54, r = 0.38) lactation.
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Table 1. Final general linear models for milk yield (kg/d) in first (n = 49) and second (n = 54) lactation cows

from 1 to 28 DIM

Milk yield (kg/d)

Variable B! SE P-value
First lactation
Intercept 23.2 2.40 0.07
Rumination time (min/d) 0.0061 0.00288 0.03
Week
1’ Ref® — —
2! 4.6 0.34 <0.001
3 7.5 0.52 <0.001
46 9.7 0.66 <0.001
Second lactation
Intercept 27.9 2.19 0.05
Rumination time (min/d) 0.015 0.00424 <0.001
Week
1 Ref — o
2 5.9 0.66 <0.001
3 10.2 0.87 <0.001
4 12.4 1.08 <0.001

'Estimated regression coefficient.
7 + 2.5 DIM (mean + SD).
SRef = reference value.

‘14 + 2.4 DIM (mean =+ SD).
%21 4 2.3 DIM (mean + SD).
628 + 2.1 DIM (mean =+ SD).

mid-lactation primiparous and multiparous cows. Simi-
larly, a positive correlation between milk yield and RT
was reported in early-lactation cows in several studies
(Soriani et al., 2012; Calamari et al., 2014; Liboreiro et
al., 2015). Although the literature reports correlations
between these factors, no researcher, to our knowledge,
has previously investigated whether this association
varies by week and parity. Our research suggests that
RT may be used to predict milk yield; however, future
research is encouraged to explore this relationship fur-
ther, along with the effects of other cow- and herd-level
factors, to build a model that may predict milk yield
in dairy cows.

Over the 4-wk observation period, first-, second-, and
>third-lactation cows across all 4 farms ruminated 442
+ 115.7, 488 + 122.4, and 488 + 108.4 min/d, respec-
tively. Across all lactations, FP ratios did not vary by
week. There was no association between rumination
time and FP ratio in first- and second-lactation cows in
early lactation; however, a negative association was ob-
served in >third-lactation cows (regression coefficient 3
+ SE = —0.00085 £ 0.000186, P < 0.01); this suggests
that for every 30-min decrease in daily RT, the FP
ratio increased by 0.026 units. Increased FP ratios have
been associated with SCK (Grieve et al., 1986; Duffield
et al., 1997; Jenkins et al., 2015). Thus, this current
association may reflect the finding of Kaufman et al.
(2016) that multiparous cows with SCK ruminated less
than healthy cows.
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No association was found between milk protein con-
tent and RT (P > 0.1). Table 3 shows the individual
associations of RT and week on milk fat content. A
negative association between RT and milk fat content
was found (P = 0.001) in >third-lactation cows from 4
to 28 DIM; for every 30-min increase in daily RT, fat
content decreased by 0.059 £ 0.017 percentage points
(p.p.), as seen in Figure 3. As RT is higher in cows
with higher milk yields, we hypothesized that cows with
higher milk yield may have lower milk fat (Gaines and
Davidson, 1923); in fact, in our study cows, we found a
slight negative association between milk yield and milk
fat content (r = —0.17, P = 0.01). To our knowledge,
there are no other reports of the association between
milk components and RT in early-lactation dairy cows.
Interestingly, in a study of mid-lactation Holstein and
Swedish Red cows, Byskov et al. (2015) reported that
rumination time (in min/kg of DMI) was negatively
associated with milk yield and milk protein percentage
but positively associated with milk fat percentage. This
difference in results compared with the current study
likely arises from the stage of lactation of cows in the
Byskov et al. (2015) study. Compared with mid-lac-
tation cows, early-lactation cows would produce much
more milk per unit of DM consumed and per minute of
rumination resultant from that feed consumed.

Milk yield increased by week (Table 4) in all 3 par-
ity categories. Comparing milk yield between parities,
second-lactation cows produced the most milk on a
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Table 2. Final general linear models for milk yield (kg/d) in >third lactation (n = 67) cows during wk 1, 2,

3, and 4
Milk yield (kg/d)
Model g SE P-value
Wk 17
Intercept 13.8 2.82 0.13
Rumination time (min/d) 0.040 0.00555 <0.001
Wk 2°
Intercept 14.7 2.92 0.12
Rumination time (min/d) 0.048 0.00619 <0.001
Wk 3
Intercept 26.1 3.062 0.07
Rumination time (min/d) 0.033 0.00664 <0.001
Wk 4°
Intercept 27.1 3.23 0.08
Rumination time (min/d) 0.036 0.00711 <0.001

"Estimated regression coefficient.
7 + 2.5 DIM (mean + SD).

*14 4 2.4 DIM (mean + SD).
21 + 2.3 DIM (mean =+ SD).
%28 4 2.1 DIM (mean + SD).

daily basis followed by >third-lactation cows and parity (Lee and Kim, 2006); however, in the current
then first-lactation cows (Table 4). There is sufficient study, 72% of the >third-lactation cows were diagnosed
evidence that cows produce more milk with increasing with SCK, which is known to reduce milk production
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Figure 2. Scatterplot of daily milk yield and daily rumination time summarized by week for >third lactation dairy (n = 67) cows during
(a) wk 1 (7 4+ 2.5 DIM, mean + SD, r = 0.59), (b) wk 2 (14 & 2.4 DIM, r = 0.69), (c) wk 3 (21 + 2.3, r = 0.52), and (d) wk 4 (28 & 2.1 DIM,
r = 0.36).
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Table 3. Final general linear models for milk fat content sampled during 1 milking/wk for 4 wk (4-28 DIM)
in first (n = 107), second (n = 112), and >third (n = 120) lactation cows

Fat content (%)

Variable B! SE P-value
First lactation
Intercept 4.5 0.37 0.001
Rumination time (min/d) 0.0008 0.00056 0.15
Week
17 Ref® — —
2! —-0.5 0.097 <0.001
3 —0.5 0.13 <0.001
45 —0.7 0.11 <0.001
Second lactation
Intercept 5.2 0.36 0.001
Rumination time (min/d) —0.0005 0.00048 0.28
Week
1 Ref — —
2 —-0.4 0.10 <0.001
3 —-0.8 0.098 <0.001
4 -0.8 0.13 <0.001
>Third lactation
Intercept 6.1 0.34 <0.001
Rumination time (min/d) —0.002 0.00059 0.001
Week
1 Ref — —
2 —0.5 0.0962 <0.001
3 —0.6 0.112 <0.001
4 —0.8 0.14 <0.001

'Estimated regression coefficients.
7 + 2.5 DIM (mean + SD).

*Ref = reference value.

‘14 + 2.4 DIM (mean =+ SD).

%21 4 2.3 DIM (mean + SD).

628 + 2.1 DIM (mean =+ SD).
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Figure 3. Scatterplot of milk fat composition and summarized
daily rumination time for >third lactation dairy cows (n = 67, r =
—0.27). Milk fat (%) was sampled during 1 milking/d (1x/wk) and
daily rumination time (min/d) was summarized by week.
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(Dohoo and Martin, 1984; Ospina et al., 2010; McArt
et al., 2012). This may explain why these cows had
lower milk yield compared with second-lactation cows.

Health status was not associated with milk yield for
cows in their first or >third lactation (P > 0.3). In the
current study, only a small number of first-lactation
cows had SCK due to the overall sample size of the study
(see sample size calculations described in Kaufman et
al., 2016). If more first-lactation cows were sampled,
increasing the number of cows in HYK and HYK+
groups, it may have been possible to detect differences
between healthy and SCK cows in first lactation. In
addition, there was a large proportion of SCK cows
compared with healthy cows in the >third-lactation
category; therefore, it may have been difficult to detect
differences in milk yield between health statuses in this
lactation group.

We detected a 2-way interaction between health sta-
tus and week (P = 0.01) associated with milk yield in
second-lactation cows. On average, HLT cows in their
second lactation produced 36.0 £ 7.14 (mean £+ SD),
42.4 £+ 7.33, 46.2 + 7.66, and 49.4 £ 8.43 kg/d, of milk,
during wk 1, 2, 3, and 4, respectively. Second-lactation
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cows in HYK+ produced less milk than HLT cows dur-
ing wk 1 (—=7.1 £ 2.9 kg/d, P=0.02), 2 (-14.2 + 4.0
kg/d, P < 0.001), 3 (—13.8 + 4.5 kg/d, P = 0.003), and
4 (-10.6 + 5.3 kg/d, P = 0.05). As mentioned above,
SCK is known to decrease milk yield in early lactation.
When cows experience SCK, they generally decrease
their feed intake, as ketone bodies promote satiety
(Allen et al., 2009; Piantoni and Allen, 2015). This is
supported by research from Goldhawk et al. (2009),
who demonstrated that primiparous and multiparous
cows diagnosed with SCK had a reduction in DMI and
visited the feeder fewer times daily during the week
before calving and 2 wk after.

Fat and protein contents of milk varied by week
(Table 4). In all cows, protein content decreased each
week during the study period. Milk fat content also
declined moving from wk 1 to wk 2 for all cows, and
decreased further by wk 4 in first- and second-lactation
cows. Early-lactation cows in the current study had a
higher milk fat and milk protein percentages (Table 4)
compared with those of Koeck et al. (2013), who found
that mean milk fat was 4.22% and milk protein was
3.16% in early-lactation (5-30 DIM) primiparous cows.
Toni et al. (2011) assessed milk composition at 7 DIM
and found milk fat to be much higher (5.2%) compared
with that at ~40 DIM (first DHIA test day, 3.5% fat).
In very few studies has fat and protein content of milk
been monitored in the first 4 wk of lactation. Our re-
sults show that fat and protein content decreased from
wk 1 to wk 4 in all lactation categories, similar to the
results of Toni et al. (2011). It is also possible that
our measured component values were affected by the
fact that milk was only sampled at 1 of the 3 daily
milkings on each farm. Milk collected earlier in the

day may be richer in fat than later milkings through-
out the day; however, the absence of a farm effect on
milk components suggests no difference between milk
sampled in the morning versus that sampled midday.
It would, however, be beneficial for future research on
this subject to account for variability between milkings
by sampling and averaging across all milkings per day.

We detected no difference in milk fat content between
health categories (P > 0.1) in all lactation categories.
Previous research found higher milk fat content in cows
with SCK (Duffield et al., 1997; Duffield, 2000). In the
current study, cows with SCK in second and >third
lactations did produce, on average, 0.2% more fat than
HLT cows, but this difference was not statistically sig-
nificant (P > 0.2), possibly because of a lack of power,
as described in Kaufman et al. (2016).

Over the 4-wk observation period, first-lactation
HLT cows deposited 3.1 £ 0.33% protein in their milk
and HYK+ cows tended to deposit 0.11 £+ 0.056 p.p.
less protein than HLT cows (P = 0.1). Healthy cows in
the >third-lactation category produced 3.2 + 0.041%
protein in their milk over the 4-wk observation period;
HYK and HYK+ cows had lower milk protein content
(—=0.11 £+ 0.051 p.p., P = 0.03; and —0.13 + 0.056 p.p.,
P = 0.02, respectively) than HLT cows. There was a
2-way interaction of health status and week (P = 0.04)
on protein content for cows in their second lactation.
During wk 1, 2, 3, and 4, second-lactation HLT cows
deposited 3.6 = 0.049, 3.2 £ 0.044, 3.0 £ 0.043, and 2.9
+ 0.045 p.p., respectively. During wk 2 and 3, second-
lactation HYK cows had lower milk protein content
(—0.08 + 0.043 and —0.12 + 0.041 p.p, respectively; P
< 0.05) and during wk 4 tended to produce less protein
(—0.08 + 0.045 p.p; P = 0.08) compared with HLT

Table 4. Least squares means (+SE) for milk yield' (n = 154), milk fat content® (n = 289), and milk protein content® (n = 289) for cows in

each lactation category during the first 4 wk of lactation

Period (relative to calving)

Model Wk 1 Wk 2 Wk 3 Wk 4 P-value
First lactation
Milk yield (kg/d) 26.2 4 2.26" 30.7 4 2.29" 33.4 + 2.30° 35.5 + 2.31¢ <0.001
Milk fat (%) 4.79 + 0.284 4.31 4 0.282" 4.24 4 0.289" 4.01 + 0.284° <0.001
Milk protein (%) 3.37 £ 0.070° 3.06 + 0.069" 2.93 £ 0.069° 2.88 + 0.069" <0.001
Second lactation
Milk yield (kg/d) 34.4 + 1.09" 38.4 + 1.49" 42.3 + 1.67° 45.5 + 1.97° <0.001
Milk fat (%) 5.03 + 0.281" 4.63 + 0.284" 4.26 + 0.279° 4.24 + 0.282° <0.001
Milk protein (%) 3.47 £ 0.033" 3.08 + 0.026" 2.94 £ 0.028° 2.88 + 0.031¢ <0.001
>Third lactation
Milk yield (kg/d) 33.1 £+ 1.03* 37.7 + 1.39" 40.5 + 1.64° 42.4 + 1.92° 0.04
Milk fat (%) 5.09 + 0.222" 4.57 + 0.229" 4.53 + 0.228" 4.29 + 0.227° <0.001
Milk protein (%) 3.41 £ 0.033" 3.08 + 0.026" 2.94 £ 0.028° 2.88 + 0.031¢ <0.001

*Variable means within row with different superscripts differ (P < 0.05).
'Milk yield was recorded at each milking (3x /d) and summed to determined daily milk yield.

*Milk fat was recorded during 1 milking/d, 1x /wk.
3Milk protein was recorded during 1 milking/d, 1x/wk.
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cows. Hyperketonemic cows with at least one other
health issue (HYK+) during second lactation also had
lower milk protein content compared with HLT cows in
wk 1, and 2, (—0.14 £ 0.068 and —0.20 + 0.089 p.p.,
respectively; P < 0.05). These decreases in milk protein
content associated with SCK are consistent with those
reported in the literature (Miettinen and Setdld, 1993;
Miettinen, 1994). A positive association between net
energy balance and milk protein content is well estab-
lished; therefore, cows with SCK in negative energy
balance have reduced milk protein content (Grieve et
al., 1986; Duffield, 2000).

Health status did not affect the FP ratio of first-
lactation cows, which averaged 1.43 4+ 0.089 from 4 to
28 DIM. We did observe a health status effect in both
second- and >third-lactation cows. Healthy, HYK, and
HYK+ second-lactation cows had FP ratios of 1.40 +
0.095, 1.51 £ 0.099, and 1.50 + 0.115, respectively; FP
ratio was only statistically higher in HYK compared
with HLT cows (P = 0.01). Cows in their >third lacta-
tion with HYK had higher FP ratios (1.56 + 0.080, P
= 0.03) and cows with HYK+ tended to have higher
FP ratios (1.54 4+ 0.085, P = 0.08) compared with
HLT cows (1.43 + 0.084). The FP ratios observed in
this study are comparable to those seen in Jenkins et
al. (2015), who found an average FP ratio of 1.64 in
cows between 8 and 30 DIM. Multiple researchers have
investigated various FP ratio cutoffs to diagnose SCK
(Duffield et al., 1997; Jenkins et al., 2015). Although
those researchers found an association between FP ra-
tios and SCK similar to that in the current study, FP
ratios may not be ideal for diagnosing SCK, due to a
lack of a reported cutoff with both high sensitivity and
specificity. As such, FP ratios may at best be a useful
screening tool to help identify early-lactation cows that
should be tested for SCK.

CONCLUSIONS

Rumination time was found to be positively associat-
ed with milk yield in early-lactation dairy cows, across
all parities. Further, RT was found to be negatively as-
sociated with fat composition and FP ratios in >third-
lactation cows. This provides evidence to support the
use of RT as a predictor for milk yield; however, further
research is needed to create and validate such a pre-
dictor model and determine how this model changes
over lactation. Milk yield was lower in second-lactation
cows with SCK and at least one other health problem
compared with healthy cows. Finally, we found that
cows with SCK in early lactation have reduced milk
protein content compared with healthy cows across all
lactations.
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