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ABSTRACT

Our objective was to evaluate the effect of season of 
calving, associated with variable levels of heat stress, 
on the dynamics of rumination during the prepartum 
period and early lactation of cows that were healthy or 
affected by peripartal health disorders. Three weeks be-
fore the estimated due date, 210 multiparous Holstein 
cows at the University of Florida Dairy Unit were af-
fixed with a neck collar containing rumination loggers, 
providing rumination time (RT) in 2-h periods. One 
blood sample was collected in a subpopulation of cows 
(n = 76) at 12 to 48 h postcalving to assess metabolic 
status by determining serum calcium, nonesterified 
fatty acid, and β-hydroxybutyrate concentrations. The 
occurrence of peripartal health disorders (dystocia, 
clinical ketosis, clinical hypocalcemia, metritis, and 
mastitis) was assessed by University of Florida veteri-
narians and trained farm personnel. We analyzed the 
dynamics of daily RT over ± 14 d relative to parturition 
in cows that were healthy or affected by specific health 
disorders by season of calving [hot season, June to Sep-
tember (n = 77); cool season, November to April (n = 
118)] using repeated measures analysis and comparison 
of least squares means at different time points relative 
to calving. Rumination was consistently reduced on the 
day of calving in both healthy and sick cows in both 
the hot and cool seasons. Only hot-season calvings had 
shorter average daily RT prepartum and postpartum 
in cows affected by severe negative energy balance and 
subclinical ketosis. Dystocia during the hot season was 
associated with shorter daily RT prepartum; for cool-
season calvings, cows with dystocia had reduced RT 
postpartum. We also observed reduced RT in cows with 
ketosis prepartum and postpartum in both the hot and 
cool seasons. Daily RT was reduced postpartum in cows 
with hypocalcemia and mastitis that calved during the 

cool season, and it was shorter in cows with metritis in 
both the hot and cool seasons. Our results indicated 
that the effect of heat stress on changes in rumination 
patterns around calving for sick cows depends on the 
specific health disorder or metabolic condition.
Key words: rumination, heat stress, disease

INTRODUCTION

Early detection of the signs of disease is key to suc-
cessful health programs in dairy cows. An efficient 
health monitoring system is most crucial during the 
transition period, which is the most critical time for 
cow health and survival and for the profitability of the 
lactation. Endocrine changes at calving and drastic 
metabolic adjustments to support milk synthesis result 
in negative energy balance and immune suppression 
(Goff, 2004; Burton et al., 2005; Hammon et al., 2006). 
Consequently, a substantial proportion of cows are af-
fected by disease around the time of calving, and most 
health disorders occur in the first 30 DIM (LeBlanc 
et al., 2006; LeBlanc, 2010; Vergara et al., 2014). In 
recent decades, the average US dairy herd size has been 
increasing consistently, resulting in less labor avail-
able per cow. Thus, the regular systematic evaluation 
of clinical parameters in animals at risk of disease is 
important to ensure herd health and select animals for 
clinical examination.

Rumination behavior has been suggested as an in-
dicator of rumen condition and overall health (Welch 
and Smith, 1972; Herskin et al., 2004), although the 
process is influenced by many variables, including nu-
tritional factors, such as digestibility of the feed, NDF 
intake, dietary composition, and forage quality (Welch 
and Smith, 1970; Beauchemin, 1991). Devices effective 
at measuring rumination by differentiating specific 
movements and sounds have been recently developed 
(Kononoff et al., 2002; Schirmann et al., 2009; Braun et 
al., 2013). The Hr-Tag rumination monitoring system 
(SCR Engineers Ltd., Netanya, Israel) provides output 
data for rumination time (RT), intervals between re-
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gurgitation of boluses, and chewing rate (Schirmann 
et al., 2009). The system has been validated in heifers, 
calves, and dairy cows (Schirmann et al., 2009; Bur-
feind et al., 2011), and associations between rumination 
behavior and calving events, peripartal metabolic sta-
tus, and uterine diseases have been reported (Soriani et 
al., 2012; Calamari et al., 2014; Liboreiro et al., 2015). 
However, the effect of heat stress on the magnitude of 
changes in RT during the early stages of disease dur-
ing the prepartum and early lactation periods has not 
been extensively explored. Summer heat is a signifi-
cant stressor affecting dairy cows in the United States 
(St-Pierre et al., 2003), and direct negative effects on 
milk yield, health, and reproduction have been well 
documented (Jordan, 2003; West, 2003; de Vries and 
Risco, 2005). We were interested in the effect of heat 
stress on rumination dynamics around parturition in 
cows with peripartal health disorders. Our objective 
was to evaluate the effect of heat stress on RT during 
the prepartum and early lactation periods in cows that 
were healthy or affected by peripartal health disorders.

MATERIALS AND METHODS

Animals and Farm Management

The study was conducted in accordance with the 
guidelines for animal research and with the approval 
of the University of Florida Institutional Animal Care 
and Use Committee. The initial study population con-
sisted of 210 multiparous Holstein cows enrolled 21 d 
before expected calving, from November 2013 to Octo-
ber 2014. From these, 205 cows successfully calved and 
completed the study. Cows were housed at the Univer-
sity of Florida Dairy Unit (Gainesville), which milked 
approximately 500 Holstein cows twice daily with a 
rolling herd average of approximately 10,000 kg/cow.

Dry cows were moved from a far-off dry-period pen 
to a prepartum pen 21 to 28 d before their expected 
calving. Prepartum housing consisted of a tunnel-
ventilated barn with sprinklers over the feed bunk. The 
barn had a housing capacity of 12 cows (approximately 
350 m2 with sand bedding) and 9 m of feed bunk space. 
The diet fed during the prepartum study period is de-
scribed in Table 1. Feed was delivered once a day at 
approximately 0830 h and was pushed up 4 times a 
day between feedings. Cows were monitored by farm 
employees every 2 h for signs of calving and were moved 
out of the prepartum pen within 3 h after calving.

From d 0 to 2 postpartum, cows were housed in a 
hospital barn, consisting of an open hospital facility 
on a deep sand-bedded pack, measuring approximately 
560 m2. An open-sided barn provided shade over 297 
m2 of the bedded pack, and shade cloth provided shade 

over the feed bunk and water troughs. Cooling was pro-
vided by fans over the bedded pack and by sprinklers 
and fans over the feed bunk and water troughs. Group 
size ranged from 11 to 31 cows, and there was 19.5 m 
of feed bunk space. Cows in the hospital barn were fed 
the postpartum TMR, which is described in Table 1.

At 3 d postpartum, healthy cows were moved to the 
main lactating herd and kept in 2-row sand-bedded 
freestall barns equipped with headlocks. Cows that 
were sick on d 3 postpartum were moved to the lac-

Table 1. Ingredient and nutrient composition of pre- and postpartum 
diets (DM basis)

Item

Diet

Prepartum Postpartum

Ingredient (%)   
 Grass hay 21.3 —
 Corn-sorghum silage 52.2 —
 Corn silage — 35.7
 Rye grass-triticale silage — 9.5
 Brewer’s grains 13.0 9.5
 Citrus pulp 6.1 7.1
 Corn grain — 11.9
 Whole cottonseed — 4.8
 Canola meal — 8.6
 Soybean meal, 47% CP — 7.1
 StearoLac1 — 1.0
 Postpartum mineral supplement — 4.8
 Prepartum mineral supplement 2.2 —
 Bio-Chlor2 5.2 —
Nutrient profile   
 NEL

3 (Mcal/kg) 1.54 1.72
 CP (%) 14.1 17.6
 NDF (%) 44.1 33.6
 ADF (%) 25.2 22.0
 Starch (%) 19.3 24.0
 Ether extract (%) 3.9 5.5
 Ca (%) 0.63 0.79
 P (%) 0.34 0.42
 Mg (%) 0.44 0.41
 K (%) 1.19 1.57
 Na (%) 0.15 0.54
 Cl (%) 0.87 0.55
 S (%) 0.36 0.22
 DCAD (mEq/kg) −110 340
 Fe (mg/kg) 143.26 165.20
 Zn (mg/kg) 60.52 66.40
 Cu (mg/kg) 14.11 13.72
 Mn (mg/kg) 42.44 55.67
 Se (mg/kg) 0.45 0.40
 Co (mg/kg) 0.74 0.24
 I (mg/kg) 0.50 0.67
 Vitamin A (IU/kg) 10,560 7,040
 Vitamin D (IU/kg) 3,300 1,320
 Vitamin E (IU/kg) 191,400 62,260
1StereoLac energy supplement (Energy Feeds International, San 
Leandro, CA) contains hydrolyzed vegetable oil.
2Bio-Chlor (Arm & Hammer Animal Nutrition, Princeton, NJ) con-
tains the following (DM basis): 48.6% CP, 13.5% starch, 2.07% Mg, 
1.22% K, 1.49% Na, 3.60% S, and 9.09% Cl.
3Calculated at 11 and 19 kg of DM/d for the pre- and postpartum 
diets (CPM-Dairy version 3.0.8.1; https://cahpwww.vet.upenn.edu/
doku.php/software:cpm:start).
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tating herd after illness had resolved and any milk-
withholding period had elapsed. Freestall barns had 
fans with misters and sprinklers over the feed bunk. 
Stocking density in the barns that housed cows in early 
lactation ranged from 80 to 92%. Feed bunk space at 
100% stocking density was 61 cm/head. Lactating cows 
were fed a TMR (Table 1) formulated to meet or exceed 
the requirements of lactating cows weighing ~680 kg 
and producing 45 kg of 3.5% FCM as recommended by 
the National Research Council (NRC, 2001). Feed was 
delivered twice a day at approximately 0600 and 1500 
h, and feed was pushed up twice a day between feed-
ings. Cows were milked twice daily at 0600 and 1800 
h, and individual milk yield was recorded at each milk-
ing (Afikim, Kibbutz Afikim, Israel). Sprinklers and 
misters for all housing areas were activated when the 
environmental temperature rose above 18°C. For the 
hospital and freestall barns, fans were activated when 
the environmental temperature rose above 12.6°C; fans 
in the prepartum barn were always operating. Fresh 
potable water was available to all cows. Cows were 
vaccinated and treated for common diseases accord-
ing to standard operating procedures developed with 
veterinarians from the University of Florida College of 
Veterinary Medicine.

Experimental Procedures

Health Monitoring. Cows’ health was monitored 
by University of Florida veterinarians and trained 
farm staff. Physical examinations were not routinely 
performed on prepartum cows, but they were observed 
daily by trained farm staff for any indication of clinical 
disease. Calving-related events, such as dystocia and 
twins, were recorded by farm personnel. All cows went 
through a routine postpartum health evaluation at d 4, 
7, and 12 after calving. This evaluation was performed 
immediately after the morning milking and included 
assessment of attitude, rectal temperature, rectal 
palpation, examination of vaginal discharge, udder in-
spection, assessment of urine ketone bodies (Ketostix, 
Bayer Corporation Elkhart, IN) and investigation for 
displaced abomasum. Automatic health reports were 
created for every milking event based on individual 
milk production and milk component levels provided 
by the AfiMilk meters (Afikim). Cows with deviations 
from established ranges in at least 2 parameters (milk 
and milk components) in 2 consecutive milkings were 
automatically sorted for a complete health check. 
Definite diagnoses of diseases in the study were made 
by University of Florida veterinarians or trained farm 
personnel based on University of Florida Dairy Unit 
standard operating procedure definitions developed at 
the University of Florida College of Veterinary Medi-

cine. Peripartal health disorders under analysis (dys-
tocia, clinical ketosis, clinical hypocalcemia, metritis, 
and mastitis) were assessed by University of Florida 
veterinarians and trained farm personnel. The disor-
ders were defined as follows: dystocia = calving that is 
not progressing (no change in labor status 45–60 min 
since the last observation) and that requires significant 
assistance (2 people); clinical ketosis = negative milk 
deviation, off milk, licking pipes, unsteady, nervous at-
titude, strong positive in urinalysis (Ketostix); clinical 
hypocalcemia = down cow or cow unsteady from before 
calving to 1 or 2 d after calving with no other abnormal 
physical findings (especially mastitis or metritis). Head 
may be turned into the flank or may be extended, and 
ears are cold and nose is dry; metritis = cow presenting 
with watery, fetid vaginal discharge that is dark red to 
brown in color within 21 DIM; and mastitis = presence 
of significant flakes and clumps in milk. Udder quarter 
may be hot, swollen, hard, and painful with watery or 
serous secretion. Fever was defined as rectal tempera-
ture >39.5°C.

Blood samples were collected from a subpopulation 
of cows (n = 76; 49 and 27 for hot and cool seasons, 
respectively) at 12 to 48 h postcalving for assessment 
of metabolic status through determination of serum 
calcium, nonesterified fatty acids, and BHB concentra-
tions. Cows were considered to be in severe negative 
energy balance with a serum nonesterified fatty acid 
concentration >0.5 mmol/L; positive for subclinical 
ketosis with a serum BHB ≥1.4 mmol/L; and affected 
by subclinical hypocalcemia with a serum calcium 
concentration <8.0 mg/dL but no clinical signs (Goff, 
2004; LeBlanc et al., 2006; Chapinal et al., 2011). A 
cow was considered healthy if she was not affected by 
any health disorder during the study period (−14 d to 
14 d relative to calving).

Recording of Rumination and Activity Data. 
A previously described and validated (Schirmann et 
al., 2009) rumination monitoring system (Hr-Tag; SCR 
Engineers Ltd.) was affixed to the neck of each study 
cow at enrollment (d 21 relative to estimated due date). 
Because our analyses considered raw rumination data 
and we did not use the algorithms provided by the 
system’s software, we did not need an extended period 
(7 to 10 d) to establish a rumination baseline for the 
study cows. Rumination was recorded in minutes per 
2-h intervals, and data were transmitted using radio 
frequency and captured by long-distance antennas on 
the milking parlor roof and close to the prepartum 
barn. Information was summarized as total rumination 
minutes per day for the statistical analyses.

Temperature and Humidity Data. The climate 
was classified as subtropical, with average ambient 
temperatures for the summer months (June to August) 
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ranging from 21.1°C (minimum) to 32.2°C (maximum), 
with a relative average humidity of 92.9 ± 15%. Two 
calving seasons were determined for the study: hot, 
from June 1 to September 30 (n = 77); and cool, from 
November 1 to April 30 (n = 118). Cows calving dur-
ing May and October (n = 10) were removed from the 
analysis. Daily temperature and humidity data for the 
study period were obtained from the archives of the 
weather channel (Weather Underground, 2014) for 
a weather station 15 km from the farm (Gainesville 
Regional Airport, Gainesville, FL). Average daily 
temperature and average daily humidity were used 
to calculate a temperature-humidity index (THI) for 
each day of the study using the formula THI = TD 
(°F) – [0.55 − (RH/100) × 0.55] × (TD − 58), where 
TD = daily temperature and RH = relative humidity 
(Bohmanova et al., 2007). A cut-off value of 76.2 was 
considered to categorize the weather as hot and cool 
based on a previous report by Benzaquen et al. (2007) 
from a nearby location.

Statistical Analysis

Data were organized in spreadsheets (Excel 2013; 
Microsoft, Redmond, WA), and all subsequent analyses 
were performed using SAS (version 9.4; SAS Institute 
Inc., Cary, NC). Data available for the analyses includ-
ed a study population of 195 cows that calved during 
the 2 defined seasons (hot season and cool season). The 
effect of disease on daily RT was assessed by season of 
calving during 2 periods relative to parturition (prepar-
tum = d −14 to d −1; and postpartum = d 0 to d 14) 
using repeated measures analysis (REPEATED state-
ment for PROC MIXED) considering an autoregressive 
covariance structure. Differences in daily RT by season 
of calving and health status were also determined by 
comparing least squares means (LSMEANS statement 
from PROC GLM) at multiple data points (−14 d; −7 
d, 0 d, 7 d, and 14 d relative to calving). Effects were 
deemed significant when P ≤ 0.05. Statistical tendency 
was defined as 0.05 < P ≤ 0.10. It was expected that 
some cows would present with concomitant metabolic 
conditions and health disorders (Ospina et al., 2010), 
but to maintain a smaller number of disease categories, 
each condition was analyzed separately.

RESULTS

Climatic Data

During the study period, the ambient THI ranged 
from 41 to 87 units. The highest THI was recorded in 
August, and the lowest in January. Overall, 97 days had 

a THI >76.2 (our cutoff value for heat stress). The dis-
tribution of these 97 days by month was 19, 30, 29, and 
19 for June, July, August, and September, respectively. 
The monthly average THI was >76.2 during 4 months 
of the study period (June to September), in agreement 
with our definition of the hot season (Figure 1).

Rumination Activity in Healthy Cows

The initial study population consisted of 210 mul-
tiparous Holstein cows, and 205 cows completed the 
study. Cows (n = 10) that calved in May or October 
were removed from the analysis. Overall, 137 cows (hot 
season 55; cool season 82) were not affected by any 
of the health disorders included for analysis and were 
categorized as healthy. The average RT before calving 
(d –14 to d –1) in healthy cows was 428 ± 3.6 min/d in 
the hot season vs. 447 ± 2.8 min/d in the cool season 
(P < 0.001). However, after calving (d 0 to d 14), daily 
RT was not different for healthy cows calving in either 
season (447 ± 4.0 min/d vs. 448 ± 3.1 min/d).

At d −14, healthy cows had average daily RT of 432 
± 10.6 and 487 ± 7.6 min/d (P < 0.002) during the 
hot and cool seasons, respectively. At −7 d, the average 
daily RT tended to be different for the hot and cool 
seasons (426 ± 9.6 vs. 457 ± 9.6 min/d; P = 0.09), 
respectively. After parturition, daily RT increased from 
329 ± 12.4 min/d (d 0) to 482 ± 8.0 min/d (d 7) and 
493 ± 8.8 min/d (d 14) during the hot season and from 
323 ± 11.9 min/d (d 0) to 495 ± 7.6 min/d (d 7) and 
489 ± 7.8 min/d (d 14) during the cool season, but we 
established no differences between seasons for d 0, d 7, 
or d 14. The average (±SE) daily RT by month of study 
at d −14, d 0, and d 14 for healthy cows are provided 
in Figure 1. The average RT in 2-h periods for d −14, 
d −7, d 0, d 7, and d 14, in healthy cows, by season of 
calving are presented in Figure 2. The 2-h RT varied 
over the course of each day, and was highest during the 
night (2000 h to 0400 h). During the prepartum period, 
this nocturnal rise in RT occurred 2 h earlier for cows 
who calved in the cool season than for cows who calved 
in the hot season. Although we observed seasonal ef-
fects, we found a very weak correlation between daily 
THI and daily RT (r = −0.06; P < 0.0001).

Association Between Rumination Activity  
and Peripartal Health Disorders

The number of cows (until 14 d postcalving) affected 
by dystocia, clinical hypocalcemia, ketosis, metritis, 
and mastitis were 6, 7, 30, 31, and 16, respectively. 
For subclinical metabolic disorders, 44, 15, and 29 cows 
from the subpopulation of study cows (n = 76) were 
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diagnosed with negative energy balance, subclinical 
ketosis, and subclinical hypocalcemia, respectively.

Cows with negative energy balance and subclinical 
ketosis during the hot season had lower average daily 
RT than healthy cows, but we did not observe this 
difference in cows that calved during the cool season 
(Figure 3). The daily RT for cows with subclinical hy-
pocalcemia was similar to that of healthy cows during 
the hot season. However, during the cool season, RT 
after calving was lower in affected cows than in healthy 
animals.

Cows with dystocia in the hot season had a lower 
RT than unaffected cows during the prepartum period. 
However, we did not observe this effect during the 
cool season, where cows with dystocia had reduced RT 
postpartum (Figure 4). Cows with clinical ketosis had 
a lower RT pre- and postpartum in both the hot and 
cool seasons. Daily RT was reduced only postpartum 
in cows with clinical hypocalcemia in the cool season, 
and cows with metritis had reduced postpartum RT 
in both the hot and cool seasons. Cows with mastitis 
had reduced postpartum RT for cool season calvings 
(Figure 5).

We evaluated the average RT at specific time points 
relative to calving, and comparisons between cows with 

and without specific disease conditions, by season of 
calving, are presented in Table 2. At −14 d, cows with 
dystocia (hot season) and mastitis (cool season) had 
a significantly lower RT than healthy cows (P = 0.02 
and P = 0.03, respectively). At d 0, cows with dystocia 
and clinical ketosis had reduced RT relative to healthy 
cows (P = 0.04 and P = 0.02, respectively) during the 
hot season. We observed significant reductions in RT 
at d 14 only in clinical ketosis (hot season; P < 0.001), 
subclinical hypocalcemia (cool season; P = 0.009), and 
clinical hypocalcemia cases (cool season; P = 0.0004).

We found effects of season on RT at multiple time 
points when we examined this relationship for cows 
with and without health disorders (Table 2). At −14 
d, RT was shorter in the hot season than in the cool 
season for cows with and without dystocia (P = 0.028 
and P = 0.025, respectively), and for cows without 
clinical hypocalcemia (P = 0.01), clinical ketosis (P = 
0.02), metritis (P = 0.02), and mastitis (P = 0.008). 
At d 0, RT was shorter during the cool season in cows 
without subclinical ketosis (P = 0.04). At d 14, RT was 
shorter for cows with subclinical hypocalcemia in the 
hot season (P = 0.03) and for cows without subclinical 
ketosis (P = 0.03) and with subclinical hypocalcemia 
(P = 0.02) in the cool season.

Figure 1. Average (SE) daily rumination time (RT; min) and temperature-humidity index (THI) by month in healthy cows.
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Figure 2. Average (SE) rumination time (RT; min) in 2-h intervals in healthy cows at d −14, −7, 0, 7, and 14 relative to calving during the 
hot season (dashed line) and the cool season (solid line). Vertical dashed lines indicate the approximate time of feed delivery.
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Figure 3. Variation of daily rumination time (RT) around calving in healthy cows (dashed line) versus cows with negative energy balance, 
subclinical ketosis, or subclinical hypocalcemia (NEB, SCK, or SCH; solid line) during (a) the hot season and (b) the cool season. Statistical 
significance for differences is provided by period (d −14 to −1 and d 0 to 14 relative to calving, indicated by a vertical dashed line). *P < 0.05 
for the effect of health status; †P < 0.05 for the effect of time × health status interaction. Values are presented as LSM ± SE.
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DISCUSSION

The average RT we observed before calving (428 
min/d and 447 min/d for the hot and cool seasons, 
respectively), and after calving (447 min/d and 448 

min/d for the hot and cool seasons, respectively) were 
within the ranges reported in previous studies. Soriani 
et al. (2012) reported RT of 522 min/d and 562 min/d 
for pluriparous cows prepartum (−20 to −6 d) and 
postpartum (15 to −40 d), respectively. These times 

Figure 4. Variation of daily rumination time (RT) around calving in healthy cows (dashed line) versus cows with dystocia, clinical ketosis, or 
clinical hypocalcemia (DYS, KET, or HYC; solid line) during (a) the hot season and (b) the cool season. Statistical significance for differences is 
provided by period (d −14 to −1 and d 0 to 14 relative to calving, indicated by a vertical dashed line). *P < 0.05 for the effect of health status; 
†P < 0.05 for the effect of time × health status interaction. Values are presented as LSM ± SE.
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were greater than those reported in our study, but ex-
cluded the days close to parturition, where a nadir in 
RT is expected. Closer to our values, Calamari et al. 
(2014) reported an average RT of 479 min/d between 
−20 and −2d before calving, and Aikman et al. (2008) 
reported 477 min/d and 623 min/d for dry and lactat-
ing Holsteins. A recent study by Liboreiro et al. (2015) 
reported RT of 450 and 407 min/d for prepartum (−17 
to −1 d) and postpartum (0 to 17 d) cows, respectively. 
Such variations in recorded RT can be explained by 
differences in feed ingredients, environmental condi-
tions, period of lactation, and animal factors (Welch 
and Smith, 1970; Beauchemin, 1991; Beauchemin 
and Yang, 2005). Interestingly, Byscov et al. (2015) 

reported that about 32% of the variation in RT was 
related to differences in intake of forage NDF, starch, 
sugar, and the remaining fraction in individual cows 
and DIM, whereas 48% of the total variation in RT was 
found between cows. Unfortunately, as expected for a 
study that extended for several months, the character-
istics of the TMR (particle size, composition) may have 
varied slightly across time, and such potential changes 
were not routinely recorded. As in preceding studies, 
RT in our study was consistently reduced around the 
day of parturition, likely a result of limited feed in-
take and calving-related behavior (Huzzey et al., 2005; 
Schirmann et al., 2013; Clark et al., 2015). However, 
because our data were summarized in 24-h intervals, 

Figure 5. Variation of daily rumination time (RT) around calving in healthy cows (dashed line) versus cows with metritis or mastitis (MET 
or MAS; solid line) during (a) the hot season and (b) the cool season. Statistical significance for differences is provided by period (d −14 to −1 
and d 0 to 14 relative to calving, indicated by a vertical dashed line). *P < 0.05 for the effect of health status; †P < 0.05 for the effect of time 
× health status interaction. Values are presented as LSM ± SE.



9066 PAUDYAL ET AL.

Journal of Dairy Science Vol. 99 No. 11, 2016

information about RT around the exact time of parturi-
tion could not be derived.

In our study, 2-h RT fluctuated significantly during 
the day and across the time points under analysis. 
Such variation was expected and could be related to 
the time of feed delivery and pushing or the hourly 
THI fluctuation; cattle would be expected to have lower 
rumination during feed delivery and warmest hours of 
the day (Aikman et al., 2008). During the study period, 
feed for lactating cows was delivered twice a day at 
approximately 0600 h and 1500 h and pushed up twice 
a day between each feeding (Figure 2). The greatest RT 
values occurred during the night (2000 h to 0400 h), 
supporting the understanding that rumination increas-
es when cows are at rest. On the study farm, the p.m. 
milking was finished around 0100h; in the summer, this 
time also coincided with the coolest period of the day. 
Our findings were in line with Soriani et al. (2012), who 
reported that the percentage of RT during the night in 
pluriparous cows was 62% and 57% before and after 
calving, respectively. Similarly, Clark et al. (2015) re-
ported that the longest and most intensive rumination 
bouts occurred during the night, and Pahl et al. (2014) 
indicated maximum RT levels around 0200h and 0400h.

The THI has been widely used to estimate the mag-
nitude of heat stress. In adult Holstein cows, the THI 
above which milk yield declines has been estimated at 
72 to 77 (Johnson et al., 1963; Bohmanova et al., 2007), 
and the THI above which rectal temperature increases 
has been estimated at 78 (Dikmen and Hansen, 2009). 
During the study period, the monthly average THI was 

>76.2 during the 4 months considered to be the hot 
season. Before calving (21–28 d before expected due 
date), study cows were moved to barns with cooling 
systems that may have reduced the effects of summer 
heat stress. In our study, in spite of the heat-abatement 
technologies in use, RT for summer calvings was lower 
during the prepartum period. Similarly, for specific 
time points in healthy cows, RT at d −14 was shorter 
in the hot season than in the cool season (432 vs. 487 
min/d). Interestingly, the average daily RT postpartum 
of healthy cows in warm weather was not different from 
that recorded in cold weather. In agreement with the 
observed reductions in RT during the hot season, the 
coefficient of correlation for the daily THI and daily 
RT was negative but small, agreeing with Soriani et al. 
(2013), who also reported a negative correlation (r = 
−0.32) between THI and RT.

Associations between rumination behavior and calv-
ing events, peripartal metabolic status, and uterine 
diseases have been reported (Schirmann et al., 2013; 
Calamari et al., 2014; Liboreiro et al., 2015). In our 
study, RT reductions in sick cows were more evident 
when complete periods were included in the repeated 
measures analysis (i.e., prepartum and postpartum), 
instead of specific time points (Table 2, Figures 3, 4 
and 5), indicating that including more information 
across days may help detect RT changes associated 
with disease states. As expected (Ospina et al., 2010), 
some cows presented with concomitant metabolic con-
ditions and health disorders. To maintain a lower num-
ber of disease categories, each condition was analyzed 

Table 2. Average (SE) rumination time (min) at different times relative to calving (d −14, 0, and 14) in cows with and without periparturient 
health disorders by calving season (n = 195)

Presence of 
disease  

Affected cows (hot 
season/cool season, 
no./no.)

Hot season

 

Cool season

d −14 d 0 d 14 d −14 d 0 d 14

Negative energy balance No 466 (29) 258 (19) 493 (16)   375 (54) 235 (50) 471 (73)
  Yes (26/18) 419 (23) 214 (18) 462 (16)   406 (24) 184 (23) 434 (32)
Subclinical ketosis No 387 (48) 248 (14)† 480 (12)†   399 (26) 186 (26) 412 (32)
  Yes (7/8) 446 (20) 160 (35) 458 (31)   407 (42) 209 (40) 514 (52)
Subclinical hypocalcemia No 423 (22) 239 (16) 477 (13)†   403 (38) 232 (43) 574 (51)*
  Yes (14/15) 473 (34) 228 (26) 478 (22)†   400 (27) 181 (24) 402 (27)
Dystocia No 435 (14)*† 242 (10)* 479 (10)   469 (8) 256 (9.4) 475 (8.1)
  Yes (3/3) 252 (76)† 57 (87) 452 (63)   492 (59) 206 (70) 417 (60)
Clinical ketosis No 434 (14)† 247 (10)* 492 (9.5)*   471 (9.2) 258 (10) 480 (8.7)
  Yes (11/19) 412 (35) 178 (28) 378 (26)   427 (22) 235 (22) 439 (20)
Clinical hypocalcemia No 430 (13)† 238 (10) 479 (9.9)   467 (8.8) 255 (9.5) 480 (7.8)*
  Yes (2/5) 511 (111) 260 (92) 417 (87)   423 (40) 218 (44) 344 (36)
Metritis No 429 (14)† 241 (11) 478 (10)   469 (9.2) 252 (10) 480 (8.7)
  Yes (12/19) 444 (37) 222 (29) 482 (31)   439 (23) 265 (23) 440 (19)
Mastitis No 429 (14)† 236 (10) 479 (10)   470 (8.8)* 256 (9.6) 475 (8.4)
  Yes (8/9) 448 (42) 265 (34) 474 (33)   399 (30) 229 (35) 459 (28)

*P < 0.05 for the difference in rumination time in cows with or without the disease condition at a specific data point.
†P < 0.05 for the difference in rumination time between cows in the same health status category, calving during the hot season and the cool 
season at a specific data point.
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separately. However, cows affected by 2 simultaneous 
disorders may have had stronger alterations in RT than 
cows with only 1 problem.

Other studies have also considered repeated measures 
to detect differences between healthy and sick cows; 
however, measures of the potential for detection of dif-
ferences in RT have been variable (Soriani et al., 2012; 
Calamari et al., 2014; Liboreiro et al., 2015). Although 
differences in RT between healthy and sick cows de-
pended on the particular disease present, the period 
relative to calving, and the season, in most cases in 
our study, the average daily RT was higher in healthy 
animals than in sick animals, which can be explained 
by altered rumination and feeding during sickness (Li-
boreiro et al., 2015). This general pattern is in harmony 
with findings presented by Soriani et al. (2012), where 
cows grouped according to shorter RT before calving 
had higher incidence of clinical disease during the first 
days of lactation than cows with moderate or long 
RT. That study also reported that severe inflamma-
tion around parturition was associated with a slower 
increase in RT after calving. In addition, a higher pro-
portion of cows with lower RT had subsequent clinical 
disease in early lactation than cows with higher RT 
(90% vs. 42%). On the other hand, cows with reduced 
RT before calving maintained reduced RT after calv-
ing and had a greater frequency of disease than cows 
with greater RT in late pregnancy. During the first few 
days of lactation, RT (450 min/d) was reduced in cows 
with subclinical diseases or health disorders compared 
with cows that had mild inflammatory conditions and 
healthy cows or cows with only mild health disorders 
postpartum. Moreover, Siivonen et al. (2011) observed 
that cows with the strongest clinical signs of mastitis 
spent more time eating but less time ruminating and 
drinking. Pedersen (2010) reported that ketosis in early 
lactation was associated with high individual variabil-
ity in RT, in agreement with our results, where groups 
of affected cows had greater SE values, indicative of 
higher variation among cows. A recent study (Liboreiro 
et al., 2015) presented a weak correlation between both 
calcium and nonesterified fatty acid concentrations and 
RT. In contrast, the repeated measures analysis of our 
data indicated a significant difference in RT between 
healthy cows and those with negative energy balance 
who calved in summer and in postpartum RT between 
healthy cows and cows with subclinical hypocalcemia 
who had winter calvings (Figure 3). A possible explana-
tion for this discrepancy is the additional statistical 
power provided by this methodology, which includes 
multiple measures from each individual but also ad-
dresses the lack of independence among multiple data 
points within the same subject.

CONCLUSIONS

Our results indicated that differences in RT between 
healthy and sick cows were not consistent and depended 
on the particular disease present, the period relative to 
calving, and the season. The effect of heat stress on 
changes in the pattern of rumination around calving 
for sick cows depended on specific health disorders and 
metabolic conditions. During summer, but not winter, 
cows with negative energy balance and subclinical 
ketosis during early lactation had significantly lower 
RT both pre- and postpartum than cows without these 
disorders.
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