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Abstract: How do body temperature and activity change before and after parturition in pregnant
cows? Changes in body temperature such as ruminal, rectal, and vaginal temperature during the
parturition have been reported, but there are no results of the simultaneous observation of body
temperature and activity. The aim of this study was to simultaneously confirm changes in the
ruminoreticular temperature and body activity before and after parturition using the ruminoreticular
bio-capsule sensor every 1 h. The 55 pregnant cows were used for the experiment, the ruminoreticular
bio-capsule sensor was inserted and stabilized, and the ruminoreticular temperature and body
activity were measured. The ruminoreticular temperature was lower by 0.5◦ from −24 h to −3 h in
parturition compared to 48 h before parturition and then recovered again after parturition. Body
activity increased temporarily at the time of parturition and 12 h after parturition. Therefore, the
ruminoreticular temperature and body activity before and after parturition was simultaneously
confirmed in pregnant cows.
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1. Introduction

In the case of cows, since they are ruminants, their health status, body activity, and
ruminoreticular temperature are very closely related [1]. Recently, a bio-capsule sensor-
based ICT system (bolus system) has developed a technology that can detect changes in
ruminoreticular temperature in real-time through the ICT equipment by inserting and
settling it in the rumen of cows. This equipment has been used to conduct various research
investigations such as investigating the changes in the concentration of milk production of
cows, ruminoreticular pH, and feed intake rate etc. [1,2].

According to the results of comparing the rectal temperature from 5 to 12 days after
artificial insemination, the temperature of the pregnant cow (39.09 ± 0.22 ◦C) is 0.46 ◦C
higher than the non-pregnant cow (38.63 ± 0.14 ◦C) [3]. There are research reports that the
vaginal temperature of pregnant dairy cattle showed the same changes depending on the
pregnancy period, with an average temperature of 38.63 ± 0.14 ◦C on 67 days of pregnancy
and 39.01 ± 0.03 ◦C on 147 days of pregnancy [4].

As a result of measuring the vaginal temperature at 180 days of pregnancy, there are
research reports that the pregnant cow maintains a relatively high temperature compared to
the non-pregnant cow: in the case of vaginal temperature, the temperature pf the pregnant
cow was 39.10 ± 0.40 ◦C and the non-pregnant cow 38.80 ± 0.30 ◦C, and in the case of
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rectal temperature, the pregnant cow was 38.70 ± 0.30 ◦C and the non-pregnant cow
38.50 ± 0.50 ◦C [5].

Changes in ruminoreticular temperature during the pregnancy period of Hanwoo
cows seen during previous studies conducted by this research team, gradually decreased
at about 40 to 160 days as of the date of artificial insemination from 40 days compared
to non-pregnant cows. The results differed the most at 100 days of pregnancy, and then
maintained a temperature similar to non-pregnant cows at 180 to 190 days of pregnancy [6].
From 190 days of pregnancy to 280 days, just before parturition, this study has shown that the
body temperature was clearly increased compared to the non-pregnant cows [6]. In addition,
as a result of statistically analyzing the ruminoreticular mean temperature of pregnant cows
in a total of four phases, there was a significant difference in mean temperature in each
phase: 38.68 ± 0.01 ◦C from 80–100 days of pregnancy, 38.78 ± 0.02 ◦C from 145–165 days,
38.99 ± 0.45 ◦C from 200–220 days, and 39.14 ± 0.38 ◦C from 250–270 days [6].

As a result of measuring the vaginal temperature at 180 days of pregnancy, there are
research reports that the pregnant cow maintains a relatively high temperature compared
to the non-pregnant cow: in the case of vaginal temperature, the pregnant cow was
39.10 ± 0.4 ◦C and the non-pregnant cow 38.80 ± 0.3 ◦C. In the case of rectal temperature,
the pregnant cow was 38.70 ± 0.3 ◦C and the non-pregnant cow 38.50 ± 0.5 ◦C.

In addition, the to the ruminoreticular, rectal, and vaginal temperatures before and
after parturition, the research report found that the temperature decreased more than usual
compared to the temperature that was reported right before parturition [3,4,7]. In particular,
in the case of ruminoreticular temperature, it was reported to have been maintained at an
average temperature of 38.94 ± 0.05 ◦C during the 2 to 7 days before parturition, and then
decreased by roughly 0.4 ◦C to 38.55 ± 0.05 ◦C just before parturition [7]. As a result of
analyzing the activity before delivery through electronic data loggers attached to the leg,
there is a study report that confirms that the temperatures of the heifers were relatively
higher than that of dairy cows [8].

2. Case Presentation
2.1. Animals and Management

The animals utilized in this study were 55 Hanwoo cows, scheduled for parturition,
with a Bolus system inserted, and bred at the National Livestock Research Institute in
Gyeongsangbuk-do. The age of the over 260 days pregnant cow (n = 31) was 52.7 ± 4.6 months
of age, and the age of the cow post-delivery (n = 24) was 57.7 ± 5.15 months. This study or-
ganized a 24 h standby team for parturition and investigated the calving date, time, gender,
and birth weight, etc. The animal experiment was conducted after obtaining approval by
the Institutional Animal Care and Use Committee and the National Livestock Research
Institute in Gyeongsangbuk-do (Approval number: #106). All cows were fed in accordance
with the Korean Feeding Standard for Hanwoo cows and raised in a sufficient space where
a stanchion was installed.

2.2. Measurement of Ruminoreticular Temperature and Body Activity

Bio-capsule sensors (LiveCare, ulikeKorea, Seoul, Korea) were settled in the reticuloru-
men of all Hanwoo cows used in the study through oral administration with an adaptation
period of at least one month. This study aimed to measure the body temperature at in-
tervals of 1 h through a biosensor inserted in the reticulorumen during the last month of
pregnancy, and the collected ruminoreticular temperatures were used for analysis. The
sensor is 125 mm long, 36 mm in diameter, and weighs 200 g with a battery. The method of
collecting ruminoreticular temperatures through biosensors can be found in Kim and Choi
et al. [9,10]. Body activity (V) is expressed as the following using an indwelling 3-axis (X, Y
and Z) accelerometer. Detailed information has been reported [10].

Body activity =
√

X2 + Y2 + Z2
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2.3. Pregnancy Test

A pregnancy test was performed through via transrectal ultrasonography (HONDA
HS-101V, HONDA Co., Ltd., Tokyo, Japan) 15 days before the experiment by experienced
veterinarians and technicians.

2.4. Statistical Analysis

For statistical analysis, this study utilized the GraphPad PRISM (version: 8.1.0.)
program. The ruminoreticular temperature and body activity before and after parturition
were analyzed using two-way ANOVA (Sidak’s multiple comparison test), and the level of
significance was p < 0.01.

2.5. Experimental Results

Among the experimental animals, the cows that have recently delivered are referred
to as “parturition”, and the cows over 260 days of pregnancy are referred to as “pregnancy
(>260 d)” (Figure 1).

In order to observe changes in the ruminoreticular temperature and body activity
before and after parturition of Hanwoo cows, this study investigated the actual time of
parturition, sex, and birth weight, etc. as shown in Table 1.

Table 1. Information of parturition and offspring in experiment group (n = 24).

Cow ID Day of Parturition
(Year-Month-Day)

Time of Parturition
(Hour:Minute) Sex Birth Weight (kg)

#13-81 2019-02-05 17:10 Female 20

#16-18 2019-02-22 18:10 Female 27

#16-25 2019-04-01 22:00 Male 30

#16-26 2019-03-01 14:30 Female 30

#16-4 2019-03-06 18:30 Male 27

#17-28 2019-02-27 15:20 Male 24

#17-29 2019-02-24 14:29 Female 22

#17-3 2019-03-07 01:10 Female 24

#17-36 2019-02-26 14:30 Male 28

#17-44 2019-03-03 07:00 Male 27

#19-02 2019-02-08 23:00 Male 30

#19-03 2019-02-09 18:45 Male 28

#19-06 2019-02-14 20:30 Female 38

#19-08 2019-02-15 10:30 Male 28

#19-09 2019-02-15 17:50 Female 31

#19-13 2019-02-17 22:00 Male 19

#19-19 2019-02-20 12:20 Male 32

#19-21 2019-02-21 15:30 Male 30

#19-26 2019-02-25 02:30 Male 28

#19-30 2019-02-27 22:40 Male 34

#391 2019-03-01 11:40 Female 24

#411 2019-03-08 04:20 Female 34

#431 2019-03-17 12:30 Male 39

#432 2019-03-21 01:10 Female 31
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Figure 1. Change of ruminoreticular temperature and body activity before and after parturition in Hanwoo cows (n = 55).
The “Pregnant (>260 d)” group is 260 days or more pregnant, and the “parturition” group mean the recent delivery of the
cow. 0 is the hour of parturition. (A) Ruminoreticular temperature of the “Pregnant (>260 d)” and “Parturition” group.
The black line connected by “�” represents the mean of the “Pregnant (>260 d)” group. The black line connected by “•”
represents the mean of the “Parturition” group. (B) Body activity of “Pregnant (>260 d)” and “Parturition” group. The black
line connected by “�” represents the mean of the “Pregnant (>260 d)” group. The black line connected by “•” represents
the mean of the “Parturition” group. All results are presented as mean ± SEM. (***) significantly different (p < 0.001).
(**) significantly different (p < 0.01).
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Compared to “Pregnant (>260 d)”, “Parturition” showed a specific ruminoreticular
temperature change before and after parturition (Figure 1A). As a result of the comparative
analysis of the ruminoreticular temperatures before and after parturition, compared to 38.98
± 0.06 ◦C at −48 h before parturition, it significantly decreased to 38.49 ± 0.04 ◦C −24 h to
−3 h before parturition (Figure 1A). The ruminoreticular temperature of the “Parturition”
group maintained a reduced temperature compared to the “Pregnant (>260 d)” group 16 h
after parturition (Figure 1A).

Body activity showed no significant difference between groups; “Pregnant (>260 d)”
and “Parturition” for 48 h before delivery (Figure 1B). However, compared to “Parturition”,
the body activity of “Pregnant (>260 d)” temporarily increased at the time of parturition
(1247.10 ± 11.48 V) and 12 h after parturition (1245.87 ± 15.83 V) (Figure 1B).

3. Discussion

Although each research finding of body temperature and body activity before and
after parturition of cows has been reported, it is difficult to predict accurate parturition by
using a biosensor because it only briefly describes the changes in body temperature and
body activity. There is a research report that observed a rapid increase in body activity,
maintaining a low temperature in comparison with normal body temperature immediately
before parturition [7,8]. However, no research findings have been reported regarding
concurrent ruminoreticular temperature and body activity every 1 h.

According to previous studies by this research team, for non-pregnant cows, the
ruminoreticular temperature was 38.72 ± 0.08 ◦C, but the temperature was relatively high
at 39.14 ± 0.38 ◦C on 250–270 days of pregnancy [6]. This study was able to identify a
specific pattern before and after parturition, considering ruminoreticular body temperature
and body activity by utilizing the bio-capsule sensors.

Similar to the findings published by Cooper Prado et al., there was a low temperature
between −24 and −3 h, which is seen as a typical physiological feature. However, more
detailed changes in ruminoreticular temperature were confirmed every hour compared
to Cooper Prado’s results [7,11]. Therefore, based on this result, it is highly valuable as
a criterion for predicting of parturition time based on ruminoreticular temperature [2].
Titler et al. reported that feed and water intake are also related to the ruminoreticular
temperature. Therefore, there is a well-known correlation between body temperature
and progesterone concentration, and it is estimated that a low temperature phenomenon
occurred before delivery due to a temporary reduction in feed intake due to stress or
delivery pain [2,7].

The temporary increase in body activity confirmed at the time of delivery and 12 h
after parturition relates to the normal movement required to take care of the fetus after
parturition. Since the same pattern was confirmed in research results such as Titler et al., it
is presumed to be the result of labor at the time of parturition and movement to take care
of the calf after parturition.

4. Conclusions

In summary, detailed data on ruminoreticular temperature and body activity in cows
every 1 h before and after parturition are very important for a more precise prediction of
parturition time. Accurately predicting parturition time is highly related to the survival
rate of the fetus. Therefore, the results of this study can be used as basic data for improving
the accuracy of artificial intelligence systems predicting parturition.
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validation, D.K. and J.H.; formal analysis, J.M. and G.-M.G.; investigation, D.K. and J.H.; data
curation, J.M. and J.H.; writing—original draft preparation, D.K.; writing—review and editing, W.-
S.K. and J.Y.; visualization, J.H.; supervision, J.Y. All authors have read and agreed to the published
version of the manuscript.



Sensors 2021, 21, 7892 6 of 6

Funding: Financial support for this study was granted by the Korea Institute of Planning and Evalu-
ation for Technology in Food, Agriculture, Forestry (IPET) through a Food, Agriculture, Technology
convergence creative talent training project funded by the Ministry of Agriculture, Food and Rural
Affairs (MAFRA) (120011021) and a National Research Foundation of Korea (NRF) grant funded by
the Korea government (MSIT; No. NRF-2020R1F1A1052024).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Animal Care and Use Committee (IACUC)
of the Gyeongsangbuk-do Livestock Research Institute, Yeongju, Korea (protocol code GAEC/127/19
approved on 7 December 2019).

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: This research was supported by Gyeongsangbuk-Do Livestock Research In-
stitute, and the research project title was “Improvement of managing technology using real-time
biometric information in Korean cattle”. We would also like to thank Doyoon Kim, Miseon Han,
Shinae Kang, Jihyun Park, and Leegon Hong for their special help in the experiment.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Gasteiner, J.; Horn, M.; Steinwidder, A. Continuous measurement of reticuloruminal pH values in dairy cows during the transition

period from barn to pasture feeding using an indwelling wireless data transmitting unit. J. Anim. Physiol. Anim. Nutr. 2015, 99,
273–280. [CrossRef] [PubMed]

2. Ammer, S.; Lambertz, C.; von Soosten, D.; Zimmer, K.; Meyer, U.; Danicke, S.; Gauly, M. Impact of diet composition and
temperature-humidity index on water and dry matter intake of high-yielding dairy cows. J. Anim. Physiol. Anim. Nutr. 2018, 102,
103–113. [CrossRef] [PubMed]

3. Gil, Z.; Kural, J.; Szarek, J.; Wierzchos, E. Increase in milk and body temperature of cows as a sign of embryo entry into the uterus.
Theriogenology 2001, 56, 685–697. [CrossRef]

4. Scanavez, A.L.A.; Fragomeni, B.; Rocha, L.; Voelz, B.E.; Hulbert, L.E.; Mendonca, L.G.D. Association between 4-day vaginal
temperature assessment during the dry period and performance in the subsequent lactation of dairy cows during the warm
season. J. Anim. Sci. 2017, 95, 5208–5217. [CrossRef] [PubMed]

5. Suthar, V.S.; Burfeind, O.; Bonk, S.; Dhami, A.J.; Heuwieser, W. Endogenous and exogenous progesterone influence body
temperature in dairy cows. J. Dairy Sci. 2012, 95, 2381–2389. [CrossRef] [PubMed]

6. Kim, D.; Ha, J.; Yi, J.; Kim, B.; Kwon, W.; Ye, B.; Kim, S.; Lee, Y. Differences in ruminal temperature between pregnant and
non-pregnant Korean cattle. J. Anim. Reprod. Biotechnol. 2021, 36, 45–50. [CrossRef]

7. Cooper-Prado, M.J.; Long, N.M.; Wright, E.C.; Goad, C.L.; Wettemann, R.P. Relationship of ruminal temperature with parturition
and estrus of beef cows. J. Anim. Sci. 2011, 89, 1020–1027. [CrossRef] [PubMed]

8. Titler, M.; Maquivar, M.G.; Bas, S.; Rajala-Schultz, P.J.; Gordon, E.; McCullough, K.; Federico, P.; Schuenemann, G.M. Prediction of
parturition in Holstein dairy cattle using electronic data loggers. J. Dairy Sci. 2015, 98, 5304–5312. [CrossRef] [PubMed]

9. Kim, H.; Oh, S.; Ahn, S.; Choi, B. Real-time Temperature Monitoring to Enhance Estrus Detection in Cattle Utilizing Ingestible
Bio-Sensors: Method & Case Studies. J. KIIT 2017, 15, 65–75.

10. Choi, W.; Ro, Y.; Hong, L.; Ahn, S.; Kim, H.; Choi, C.; Kim, H.; Kim, D. Evaluation of ruminal motility using an indwelling 3-axis
accelerometer in the reticulum in cattle. J. Vet. Med. Sci. 2020, 82, 1750–1756. [CrossRef] [PubMed]

11. Burfeind, O.; Suthar, V.S.; Voigtsberger, R.; Bonk, S.; Heuwieser, W. Validity of prepartum changes in vaginal and rectal
temperature to predict calving in dairy cows. J. Dairy Sci. 2011, 94, 5053–5061. [CrossRef] [PubMed]

http://doi.org/10.1111/jpn.12249
http://www.ncbi.nlm.nih.gov/pubmed/25266568
http://doi.org/10.1111/jpn.12664
http://www.ncbi.nlm.nih.gov/pubmed/28295666
http://doi.org/10.1016/S0093-691X(01)00600-8
http://doi.org/10.2527/jas2017.1620
http://www.ncbi.nlm.nih.gov/pubmed/29293778
http://doi.org/10.3168/jds.2011-4450
http://www.ncbi.nlm.nih.gov/pubmed/22541466
http://doi.org/10.12750/JARB.36.1.45
http://doi.org/10.2527/jas.2010-3434
http://www.ncbi.nlm.nih.gov/pubmed/21169512
http://doi.org/10.3168/jds.2014-9223
http://www.ncbi.nlm.nih.gov/pubmed/26074226
http://doi.org/10.1292/jvms.20-0459
http://www.ncbi.nlm.nih.gov/pubmed/33162433
http://doi.org/10.3168/jds.2011-4484
http://www.ncbi.nlm.nih.gov/pubmed/21943756

	Introduction 
	Case Presentation 
	Animals and Management 
	Measurement of Ruminoreticular Temperature and Body Activity 
	Pregnancy Test 
	Statistical Analysis 
	Experimental Results 

	Discussion 
	Conclusions 
	References

