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Summary

The effects of the administration of acidogenic bolus at dry-off on total daily activity (TDA) and total daily
rumination (TDR) behaviors during the 2 weeks following dry-off were investigated in this randomized clinical
trial. Cows in the treatment group (TRT) received 2 oral acidogenic boluses at dry-off, whereas cows in the
control group (CON) did not receive any intervention. The TRT cows were less active in the first 2 weeks post
dry-off with a decreased TDR observed only in the first day after acidogenic bolus administration. The results
indicate that the administration of acidogenic boluses at dry-off should be considered as an alternative
management strategy to increase cow comfort in the first 2 weeks after dry-off.

Highlights
«  Cows receiving acidogenic boluses were less active during the first week post dry-off.

«  Cows receiving acidogenic bolus had the most pronounced decrease in 24 hours after dry-off.
« Acidogenic boluses had minimal biological effects for dairy cows.
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Abstract: Elevated milk production at dry-off can lead to increased udder pressure and, in turn, increased stress due to pain and discom-
fort, affecting natural behaviors. Administering acidogenic boluses at dry-off acts by inducing temporary and mild decreases in blood
pH. This decreases dry matter intake, reduces milk yield, and increases cow comfort by lessening udder pressure. The objective of this
study was to assess the effect of oral administration of acidogenic boluses at dry-off on total daily activity (TDA) and total daily rumina-
tion (TDR) behaviors in the first 2 wk of the dry period. This randomized clinical trial was conducted on a single farm and cows were
randomly assigned to either treatment (TRT; n = 30) or control (CON; n = 34). The TRT group received 2 acidogenic boluses at dry-off
and the CON group received no intervention. All cows received dry-cow therapy (intramammary antibiotic and internal teat sealant). The
TDA and TDR data from 7 d before to 14 d after dry-off were measured using ear-mounted activity monitors. Analyses were performed
using linear mixed-effects models with repeated measures. We observed a similar TDA in both groups throughout the study follow-up
period. Overall, cows in the TRT group spent 17 min/d less time active than cows in the CON group in the first 2 wk after dry-off with the
greatest difference observed on the second day of the dry period (TRT = 395 min/d; 95% CI: 370 to 420 vs. CON = 428 min/d; 95% CI:
404 to 451). The TRT group had lower TDR in the first 24 h after bolus administration (TRT =437 min/d; 95% CI: 414 to 461 vs. CON
=488 min/d; 95% CI: 466 to 510) when compared with the CON group, but no differences were observed when comparing both groups
in the 13 subsequent days. Our results indicate that administering acidogenic boluses at dry-off slightly decreased TDA during the first 2

wk of the dry period and decreased TDR on the first day after administration.

he dry period, defined as the period of nonlactation before

parturition, provides a respite for the cow, allowing the secre-
tory tissue of the mammary glands to regenerate to maximize
milk yield in the next lactation (Weber et al., 2015). Elevated milk
production at dry-off, however, can have negative impacts on cow
health and welfare during the dry period. Cows producing more
than 12.5 kg/d of milk at dry-off are at a greater risk of having
IMI at calving, potentially because of milk leakage and delayed
formation of the keratin plug after dry-off (Rajala-Schultz et al.,
2005). Although cows are not milked after dry-off, milk is still be-
ing synthesized during the early dry period, leading to an increase
in udder pressure, which can be a source of discomfort and even
pain (Bertulat et al., 2013). Hence, changes to cow lying behavior
may reflect increased udder pressure, as standing could provide a
means of avoiding udder discomfort (Chapinal et al., 2014). For
instance, daily lying time in the days following dry-off was re-
ported to be negatively correlated with milk production at dry-off,
with high-producing cows spending the least amount of time lying
down (Rajala-Schultz et al., 2018). The authors hypothesized that
this observation was associated with a greater increase in udder
pressure after dry-off in high-producing cows when compared with
low-producing cows.

Toward the goal of a successful dry period, different methods
have been studied to decrease milk yield at dry-off and prevent
milk leakage and new IMI during the dry period. Some of the strat-
egies that have been investigated include a decrease in the quality
or quantity of the feed offered to cows in the weeks before dry-
off (Odensten et al., 2005; Ollier et al., 2014), decreased milking
frequency and gradual cessation of milking (Tucker et al., 2009),
and the use of pharmacological agents (e.g., casein hydrolysate
and prolactin-release inhibitors; Ponchon et al., 2014; Bach et al.,
2015). The use of acidogenic boluses in late-lactation cows has re-
cently been demonstrated to decrease milk yield of high-producing
dairy cows, resulting in lower udder pressure, particularly in the
first 2 d after dry-off (Maynou et al., 2018).

The administration of acidogenic boluses containing ammo-
nium chloride, a strong acidifying agent, leads to a temporary
state of metabolic acidosis (Maynou et al., 2018). Severe meta-
bolic acidosis has been associated with decreased rumination time
(DeVries et al., 2009), whereas mild metabolic acidosis, such as
that observed when feeding diets with negative dietary cation-
anion differences (Goff et al., 2020), has not. While urine pH mea-
sured after the administration of acidogenic boluses is consistent
with only a mild metabolic acidosis (Maynou et al., 2018), the
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effect of acidogenic boluses on rumination activity has not been
investigated.

The administration of acidogenic boluses at dry-off is a promis-
ing additional strategy for the management of cows at dry-off, as
it can reduce milk production and potentially improve cow welfare
without requiring alterations to the management of feeding or
milking strategies. Thus, the objective of this randomized clinical
trial was to evaluate the effects of the administration of acidogenic
boluses to dairy cows at dry-off on (1) total daily activity (TDA)
and (2) total daily rumination (TDR) in the first 14 d of the dry
period. We hypothesized that the administration of the acidogenic
boluses at dry-off would decrease TDA, but not TDR, in the first
few days after administration.

All interventions and procedures in this study were approved
by the University of Minnesota Institutional Animal Care and Use
Committee (2012-38706A). The study was conducted from April
to September of 2021.

In total, 64 Jersey-Holstein cross cows were enrolled from a sin-
gle commercial dairy farm in Minnesota. Pregnant cows (218 = 13
d carrying calf) were randomly assigned to 1 of 2 groups at dry-off.
Treatment allocation followed a random list of number, blocked
by week, generated using Microsoft Excel 2016 (Microsoft Cor-
poration). Farm personnel were blinded to study groups, but the
research team was not. Cows in the treatment group (TRT; n = 30)
received 2 acidogenic boluses orally (Bovikalc Dry; Boehringer
Ingelheim Animal Health), whereas cows in the control group
(CON; n = 34) did not receive any boluses at dry-off. All cows
received an intramammary antimicrobial (Dry-Clox; Boehringer
Ingelheim Animal Health) and teat sealant (Lockout; Boehringer
Ingelheim Animal Health) in all quarters and were housed in the
same freestall pen after dry-off. To be eligible for recruitment,
cows had to be in good general health, havea BCS>2.0ona 1to 5
scale (Ferguson et al., 1994), and have a lameness score <2 on a 1
to 5 scale (Sprecher et al., 1997).

Rumination and activity behaviors were recorded continuously
using an ear-mounted monitoring system (SCR Heatime Pro+,
Allflex Global) that has been validated for monitoring rumination
behavior in dairy cows (Schirmann et al., 2009). Data from d =7 to
+14 relative to the day of dry-off were extracted from farm moni-
toring software. Rumination and activity data were extracted as the
total minutes per 2-h period. The TDA and TDR were calculated
as the sum of the measures over a 24-h period with time of dry-off
being the start point.

The parameter used for the sample size calculation was the
TDA. It has been previously reported that each 5 kg/d of milk
production at dry-off is associated with 19 extra minutes of ac-
tivity after dry-off (Rajala-Schultz et al., 2018) and that that the
administration of acidogenic boluses decreases milk production by
2.5 kg/d (Maynou et al., 2018). Therefore, a minimum of 15 cows
per study group was necessary to detect a minimum of 38 min/d
difference in TDA when comparing TRT and CON with standard
deviation of 36 min/d, with an 80% power at a 5% type-I error risk.

The TDA and TDR in the first 2 wk after dry-off were analyzed
using a linear mixed-effects model with repeated measures of day
relative to dry-off. Different covariance structures were tested,
and an autoregressive covariance structure was ultimately used in
the models based on the lowest Akaike information criterion. The
fixed effects were study treatment, average milk production dur-
ing the last week before dry-off, baseline activity or rumination,
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Table 1. Descriptive characteristics of the study population at enrollment for
cows in the study treatment (TRT; cows receiving 2 acidogenic boluses at
dry-off) and control (CON; cows receiving no intervention at dry-off) groups

Item TRT CON
Number of cows 30 34
Lactation group, n (%)

1 11(36.7) 13(38.2)

2 9(30.0) 11(32.4)

3 10(33.3) 10(29.4)
Milk production,"? kg/d 21.5(4.7) 20.9 (5.0)
DIM at dry-off' 313 (34.6) 313 (38.6)
Days carrying calf (DCC)’ 218(11.3) 218 (14.4)
Baseline total daily rumination,"? min/d 515 (67.8) 503 (56.3)
Baseline total daily activity,"* min/d 334 (57.5) 351 (75.3)

'Data presented as mean (SD).

?Average milk yield in the last week before enrollment.

*Average of the total daily rumination time from —7 to 0 d relative to dry-off.
“Average of the total daily activity time from —7 to 0 d relative to dry-off.

lactation group (first, second, or >third), and interactions between
study treatment and time. Baseline activity and rumination were
reported as the average (min/d) across the week before dry-off. No
adjustment for multiple comparisons was used but TDA and TDR
estimates were compared between study groups within each day.
The variables used in the final models were baseline activity (for
the model analyzing TDA) or baseline rumination (model analyz-
ing TDR), and the interaction between treatment and day. Although
offered to the statistical models, lactation group and DIM were not
retained in the final models. All statistical analysis was performed
using RStudio version 4.1.2.

Cows in both groups had similar characteristics at enrollment
(Table 1). Cows in the TRT group were 17 min/d less active than
cows in the CON group in the first 2 wk after dry-off (TRT =415
min/d; 95% CI: 397 to 434 vs. CON = 432 min/d; 95% CI: 415
to 449). The greatest TDA difference between study groups (33
min/d) was observed on the second day after dry-off when TDA
was 395 min/d (95% CI: 370 to 420) for the TRT group and 428
min/d (95% CI: 404 to 451) in the CON group. The TDA dynamic
in the first 2 wk after dry-off is presented in Figure 1. On average,
cows in the TRT group (550 min/d; 95% CI: 539 to 561) and in the
CON group (551 min/d.; 95% CI: 541 to 562) had similar TDR
during the first 2 wk after dry-off. On the day after the admin-
istration of acidogenic boluses, however, cows in the TRT group
had a 51 min/d lower TDR (TRT = 437 min/d.; 95% CI: 414 to
461) when compared with the cows in the CON group (CON =
488 min/d.; 95% CI: 466 to 510). The TDR continued to be lower,
albeit by a lower margin, in the TRT group for the next 3 d (on
average 26 min/d lower). The TDR dynamics by group can be
found in Figure 2.

This study was conducted to investigate the effect of the ad-
ministration of acidogenic boluses at dry-off on TDA and TDR
in the first 2 wk of the dry period. In our study, cows receiving
acidogenic boluses at dry-off (TRT) were less active during the
first week of the dry period and had a lower TDR on the day after
administration of acidogenic boluses than cows in the CON group.

Activity time for this system is recorded as any time the cow is
not lying down. Although no significant differences were found for
TDA, cows in the TRT group were 17 min/d less active than cows
in the CON group in the first 2 wk after dry-off, and considering
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Figure 1. Total daily rumination (TDR) during the first 14 d after dry-off. Acidogenic boluses were administered in the TRT group (n = 30) at dry-off, and TDR
was assessed and compared with the control (CON) group (n = 34). Adjusted means are reported in minutes per day for 2 wk during the dry period. The
TDR differs between groups in the first day after treatment administration (P = 0.002), and it was affected by the interaction of treatment and day (P = 0.01),
treatment (P = 0.001), day (P < 0.001), and the baseline for rumination (P < 0.001). Error bars represent SEM.

how the system measures activity it could be speculated that cows
in the TRT group spent more time lying. The greatest difference
in TDA (33 min/d) was observed on the second day after bolus
administration. This agrees with a previous report showing that the
greatest difference in lying time following the administration of
acidogenic boluses after dry-off was observed after 24 h (Maynou
et al., 2018). Total daily lying time is a well-known and important
metric of comfort and welfare in domesticated animals (Munks-
gaard and Simonsen, 1996). Lying behavior and animal comfort are
correlated metrics; however, several external (e.g., housing charac-
teristics, management practices, ability to perform other priority
behaviors such as eating) and cow-specific factors (e.g., health
status, biological requirements) can influence lying time and lying
behavior (Tucker et al., 2021). For instance, a higher activity time
during the dry period has been hypothesized to be associated with
greater udder pressure exacerbated by external pressure exerted on
the udder when lying (Rajala-Schultz et al., 2018). Cows receiving
acidogenic boluses, however, have a decreased milk production
and reduced udder pressure during the first 2 d after bolus admin-
istration (Maynou et al., 2018). Thus, it is reasonable to speculate
that the lower activity of TRT cows in our study by comparison to
CON cows is a result of cows being more comfortable transition-
ing into the dry period, likely because of decreased udder pressure,
when acidogenic boluses are administered at dry-off.

In our study, cows in the TRT group spent less time ruminating
on the first day after dry-off but increased their TDR in the fol-
lowing 3 d to the same levels as cows in the CON group with the
same rumination behavior pattern observed in both groups for the
remainder of the study period. Adverse health and welfare events
lead to changes in different behavioral patterns of dairy cattle, such
as resting, feeding, rumination, activity, and even socialization

behaviors (Dittrich et al., 2021). Due to its biological importance,
changes in rumination have long been associated with impaired
health in dairy cows (Radostits et al., 2007). Total rumination time
has been used to detect stress (Bristow and Holmes, 2007), distress
(Schirmann et al., 2011), clinical diseases (Fogsgaard et al., 2012;
Stangaferro et al., 2016a,b), and metabolic disorders (DeVries et
al., 2009; Stangaferro et al., 2016¢). The administration of acido-
genic boluses leads to a mild and temporary metabolic acidosis
in dairy cows, as indicated by a decrease in urine pH (Maynou et
al., 2018). Therefore, investigating the effect of the administration
of acidogenic boluses on rumination behavior has its importance.
Although severe metabolic acidosis has been associated with a
decrease in rumination time (DeVries et al., 2009), the mild and
temporary metabolic acidosis caused by the administration of ac-
idogenic boluses are equivalent to results reported when feeding
diets with a negative dietary cation-anion difference, which has
no effect on rumination behavior and overall health of dairy cows
(Goff et al., 2020). Similarly, in our study, cows in the TRT group
had a similar TDR when compared with CON cows a few days
after dry-off. The administration of the acidogenic boluses did not
lead to long-term impairments in rumination behavior, indicating
no negative effects of the intervention.

Conducting a field trial enable us to described TDA and TDR
behaviors following the dry-off procedure under commercial con-
ditions. This approach, however, limited our capability to measure
other parameters that could have been used to explain some of our
findings. Limitations of the trial included a lack of data on milk
leakage and udder pressure, as well as DMI after the administration
of acidogenic boluses. Milk leakage and udder pressure informa-
tion can potentially elucidate the hypothesis of decreased milk
formation and the idea of increased animal comfort. Rumination

JDS Communications 2023; 4: 293-297
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Figure 2. Total daily activity (TDA) during the first 14 d after dry-off. Acidogenic boluses were administered in the TRT group (n = 30) at dry-off, and TDA was
assessed and compared with the control (CON) group (n = 34). Adjusted means are reported in minutes per day for 2 wk during the dry period. The TDA did
not differ between groups during the follow-up period and was not affected by day (P = 0.08); it was also not affected by the interaction of treatment and day
(P =10.56), treatment (P = 0.75), and baseline for activity (P < 0.001). Error bars represent SEM.

behavior during the dry period has been shown to be a poor pre-
dictor of DMI (Schirmann et al., 2012). Therefore, incorporating
DMI data in future studies is important to understand the effects of
this management strategy on feeding behavior. Last, the absence
of a placebo group hindered our ability to measure the potential
impact of any physical discomfort following the administration
of the boluses. It is important to highlight that the differences in
TDR and TDA among TRT and CON groups are within the range
of normal variation in dairy cows and were smaller than expected
when calculating the sample size needed for this study. Thus, a
larger study with a greater sample size is warranted to confirm the
findings of this study.

The administration of acidogenic boluses at dry-off resulted in
a 17 min/d decrease in TDA during the first 2 wk of the dry period
with the greatest activity difference observed after 24 h of bolus
administration. Moreover, the administration of acidogenic bo-
luses at dry-off led to a decrease in TDR most pronounced within
the first 24 h after bolus administration. The results of our study
indicate that the administration of acidogenic boluses at dry-off
could be used as an alternative management strategy to increase
lying time in the first 2 wk after dry-off and facilitate the transition
into the dry period.

References

Bach, A., A. De-Prado, and A. Aris. 2015. The effects of cabergoline adminis-
tration at dry-off of lactating cows on udder engorgement, milk leakages,
and lying behavior. J. Dairy Sci. 98:7097—7101. https://doi.org/10.3168/
jds.2015-9751.

Bertulat, S., C. Fischer-Tenhagen, V. Suthar, E. Mostl, N. Isaka, and W. Heu-
wieser. 2013. Measurement of fecal glucocorticoid metabolites and evalua-
tion of udder characteristics to estimate stress after sudden dry-off in dairy
cows with different milk yields. J. Dairy Sci. 96:3774-3787. https://doi
.org/10.3168/ds.2012-6425.

Bristow, D. J., and D. S. Holmes. 2007. Cortisol levels and anxiety-related
behaviors in cattle. Physiol. Behav. 90:626-628. https://doi.org/10.1016/
j-physbeh.2006.11.015.

Chapinal, N., G. Zobel, K. Painter, and K. E. Leslie. 2014. Changes in lying
behavior after abrupt cessation of milking and regrouping at dry-off in
freestall-housed cows: A case study. J. Vet. Behav. 9:364-369. https://doi
.org/10.1016/j jveb.2014.07.008.

DeVries, T. J., K. A. Beauchemin, F. Dohme, and K. S. Schwartzkopf-Gens-
wein. 2009. Repeated ruminal acidosis challenges in lactating dairy cows
at high and low risk for developing acidosis: Feeding, ruminating, and ly-
ing behavior. J. Dairy Sci. 92:5067-5078. https://doi.org/10.3168/jds.2009
-2102.

Dittrich, 1., M. Gertz, B. Maassen-Francke, K.-H. Krudewig, W. Junge, and
J. Krieter. 2021. Variable selection for monitoring sickness behavior in
lactating dairy cattle with the application of control charts. J. Dairy Sci.
104:7956-7970. https://doi.org/10.3168/jds.2020-19680.

Ferguson, J. D., D. T. Galligan, and N. Thomsen. 1994. Principal descriptors of
body condition score in Holstein cows. J. Dairy Sci. 77:2695-2703. https:/
/doi.org/10.3168/ds.S0022-0302(94)77212-X.

Fogsgaard, K. K., C. M. Rentved, P. Serensen, and M. S. Herskin. 2012. Sick-
ness behavior in dairy cows during Escherichia coli mastitis. J. Dairy Sci.
95:630—638. https://doi.org/10.3168/jds.2011-4350.

Goff, J. P., A. Hohman, and L. L. Timms. 2020. Effect of subclinical and clini-
cal hypocalcemia and dietary cation-anion difference on rumination activ-
ity in periparturient dairy cows. J. Dairy Sci. 103:2591-2601. https://doi
.org/10.3168/ds.2019-17581.

Maynou, G., G. Elcoso, J. Bubeck, and A. Bach. 2018. Effects of oral admin-
istration of acidogenic boluses at dry-off on performance and behavior of
dairy cattle. J. Dairy Sci. 101:11342-11353. https://doi.org/10.3168/jds
.2018-15058.

Munksgaard, L., and H. B. Simonsen. 1996. Behavioral and pituitary adrenal-
axis responses of dairy cows to social isolation and deprivation of lying
down. J. Anim. Sci. 74:769-778. https://doi.org/10.2527/1996.744769x.

Odensten, M. O., Y. Chilliard, and K. Holtenius. 2005. Effects of two differ-
ent feeding strategies during dry-off on metabolism in high-yielding dairy
cows. J. Dairy Sci. 88:2072-2082. https://doi.org/10.3168/jds.S0022
-0302(05)72884-8.

Ollier, S., X. Zhao, and P. Lacasse. 2014. Effects of feed restriction and pro-
lactin-release inhibition at drying off on metabolism and mammary gland

JDS Communications 2023; 4: 293-297


https://doi.org/10.3168/jds.2015-9751
https://doi.org/10.3168/jds.2015-9751
https://doi.org/10.3168/jds.2012-6425
https://doi.org/10.3168/jds.2012-6425
https://doi.org/10.1016/j.physbeh.2006.11.015
https://doi.org/10.1016/j.physbeh.2006.11.015
https://doi.org/10.1016/j.jveb.2014.07.008
https://doi.org/10.1016/j.jveb.2014.07.008
https://doi.org/10.3168/jds.2009-2102
https://doi.org/10.3168/jds.2009-2102
https://doi.org/10.3168/jds.2020-19680
https://doi.org/10.3168/jds.S0022-0302(94)77212-X
https://doi.org/10.3168/jds.S0022-0302(94)77212-X
https://doi.org/10.3168/jds.2011-4350
https://doi.org/10.3168/jds.2019-17581
https://doi.org/10.3168/jds.2019-17581
https://doi.org/10.3168/jds.2018-15058
https://doi.org/10.3168/jds.2018-15058
https://doi.org/10.2527/1996.744769x
https://doi.org/10.3168/jds.S0022-0302(05)72884-8
https://doi.org/10.3168/jds.S0022-0302(05)72884-8

Florentino et al. | Administration of acidogenic boluses at dry-off

involution in cows. J. Dairy Sci. 97:4942—4954. https://doi.org/10.3168/
jds.2014-7914.

Ponchon, B., P. Lacasse, N. Silanikove, S. Ollier, and X. Zhao. 2014. Effects
of intramammary infusions of casein hydrolysate, ethylene glycol-bis
(B-aminoethyl ether)-N, N, N’, N'-tetraacetic acid, and lactose at drying-off
on mammary gland involution. J. Dairy Sci. 97:779-788. https://doi.org/10
.3168/jds.2013-7062.

Radostits, O. M., C. C. Gay, K. W. Hinchcliff, and P. D. Constable. 2007. A
textbook of the diseases of cattle, horses, sheep, pigs and goats. Vet. Med.
10:2045-2050.

Rajala-Schultz, P. J., P. N. Gott, K. L. Proudfoot, and G. M. Schuenemann.
2018. Effect of milk cessation method at dry-off on behavioral activity of
dairy cows. J. Dairy Sci. 101:3261-3270. https://doi.org/10.3168/jds.2017
-13588.

Rajala-Schultz, P. J., J. S. Hogan, and K. L. Smith. 2005. Association be-
tween milk yield at dry-off and probability of intramammary infections
at calving. J. Dairy Sci. 88:577-579. https://doi.org/10.3168/jds.S0022
-0302(05)72720-X.

Schirmann, K., N. Chapinal, D. M. Weary, W. Heuwieser, and M. A. Von
Keyserlingk. 2012. Rumination and its relationship to feeding and lying
behavior in Holstein dairy cows. J. Dairy Sci. 95:3212-3217. https://doi
.org/10.3168/jds.2011-4741.

Schirmann, K., N. Chapinal, D. M. Weary, W. Heuwieser, and M. A. G. Von
Keyserlingk. 2011. Short-term effects of regrouping on behavior of pre-
partum dairy cows. J. Dairy Sci. 94:2312-2319. https://doi.org/10.3168/
jds.2010-3639.

Schirmann, K., M. A. G. von Keyserlingk, D. M. Weary, D. M. Veira, and W.
Heuwieser. 2009. Technical note: Validation of a system for monitoring
rumination in dairy cows. J. Dairy Sci. 92:6052-6055. https://doi.org/10
.3168/jds.2009-2361.

Sprecher, D. J., D. E. Hostetler, and J. B. Kaneene. 1997. A lameness scoring
system that uses posture and gait to predict dairy cattle reproductive per-
formance. Theriogenology 47:1179-1187. https://doi.org/10.1016/S0093
-691X(97)00098-8.

Stangaferro, M. L., R. Wijma, L. S. Caixeta, M. A. Al-Abri, and J. O. Giordano.
2016a. Use of rumination and activity monitoring for the identification of
dairy cows with health disorders: Part II. Mastitis. J. Dairy Sci. 99:7411—
7421. https://doi.org/10.3168/jds.2016-10908.

Stangaferro, M. L., R. Wijma, L. S. Caixeta, M. A. Al-Abri, and J. O. Giordano.
2016b. Use of rumination and activity monitoring for the identification of
dairy cows with health disorders: Part III. Metritis. J. Dairy Sci. 99:7422—
7433. https://doi.org/10.3168/jds.2016-11352.

297

Stangaferro, M. L., R. Wijma, L. S. Caixeta, M. A. Al-Abri, and J. O. Giordano.
2016c. Use of rumination and activity monitoring for the identification of
dairy cows with health disorders: Part I. Metabolic and digestive disorders.
J. Dairy Sci. 99:7395-7410. https://doi.org/10.3168/jds.2016-10907.

Tucker, C. B., M. B. Jensen, A. M. de Passillé, L. Hanninen, and J. Rushen.
2021. Invited review: Lying time and the welfare of dairy cows. J. Dairy
Sci. 104:20-46. https://doi.org/10.3168/jds.2019-18074.

Tucker, C. B., S. J. Lacy-Hulbert, and J. R. Webster. 2009. Effect of milking
frequency and feeding level before and after dry off on dairy cattle behav-
ior and udder characteristics. J. Dairy Sci. 92:3194-3203. https://doi.org/
10.3168/jds.2008-1930.

Weber, C., B. Losand, A. Tuchscherer, F. Rehbock, E. Blum, W. Yang, R. M.
Bruckmaier, P. Sanftleben, and H. M. Hammon. 2015. Effects of dry pe-
riod length on milk production, body condition, metabolites, and hepatic
glucose metabolism in dairy cows. J. Dairy Sci. 98:1772—1785. https://doi
.org/10.3168/jds.2014-8598.

Notes

The authors acknowledge and thank Boehringer Ingelheim Animal Health and
the farm that participated in this research project. The authors also extend their
acknowledgments to all people involved in data collection and analysis for this
project: Felipe Pena-Mosca, Zelmar Rodriguez, Joao Victor Silva, Emily Leon-
ard, Emily Fick, Sophie Farrow, Doug Albrecht, Thomas Wehri, and Nathan
Laurence (University of Minnesota).

C.F. was involved in validation, formal analysis, investigation, data curation,
writing—original draft, and visualization. E.S. was involved in data curation,
formal analysis, writing—review and editing. M.A. and M.R. were involved
in data curation, investigation, and writing—review and editing. L.T. was in-
volved in writing—review and editing. S.M.G., G.C., and W.K. were involved
in conceptualization, funding acquisition, writing—review and editing. L.C.
was involved in conceptualization, validation, investigation, resources, writ-
ing-review and editing, visualization, supervision, project administration, and
funding acquisition.

This trial was financially supported by Boehringer Ingelheim Animal Health
and the company employed L. Tikofsky during the period of this study. The
company and L. Tikofsky had no role in the study design, data collection and
analysis, publication decision, or manuscript preparation. The authors have not
stated any other conflicts of interest.

JDS Communications 2023; 4: 293-297


https://doi.org/10.3168/jds.2014-7914
https://doi.org/10.3168/jds.2014-7914
https://doi.org/10.3168/jds.2013-7062
https://doi.org/10.3168/jds.2013-7062
https://doi.org/10.3168/jds.2017-13588
https://doi.org/10.3168/jds.2017-13588
https://doi.org/10.3168/jds.S0022-0302(05)72720-X
https://doi.org/10.3168/jds.S0022-0302(05)72720-X
https://doi.org/10.3168/jds.2011-4741
https://doi.org/10.3168/jds.2011-4741
https://doi.org/10.3168/jds.2010-3639
https://doi.org/10.3168/jds.2010-3639
https://doi.org/10.3168/jds.2009-2361
https://doi.org/10.3168/jds.2009-2361
https://doi.org/10.1016/S0093-691X(97)00098-8
https://doi.org/10.1016/S0093-691X(97)00098-8
https://doi.org/10.3168/jds.2016-10908
https://doi.org/10.3168/jds.2016-11352
https://doi.org/10.3168/jds.2016-10907
https://doi.org/10.3168/jds.2019-18074
https://doi.org/10.3168/jds.2008-1930
https://doi.org/10.3168/jds.2008-1930
https://doi.org/10.3168/jds.2014-8598
https://doi.org/10.3168/jds.2014-8598

	A randomized clinical trial evaluating the effects
of administration of acidogenic boluses at dryoff
on rumination and activity behavior in the 14
subsequent days
	Graphical Abstract
	References


