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Ab s t r ac t
Timely and accurate prediction of parturition in bovine is crucial for optimizing maternal and fetal health, preventing dystocia and 
minimizing periparturient complications. A multi-modal approach that integrates behavioural, physiological and molecular indicators 
enables more precise calving prediction. Behavioural cues, such as increased frequency of lying and tail-raising in the final six hours 
before parturition, combined with pelvic ligament relaxation triggered by elevated estrogen and relaxin, offer reliable external signs of 
impending parturition. Key physiological markers include a significant drop in body temperature, vaginal temperature and ruminoreticular 
temperature, alongside hormonal shifts particularly a decrease in progesterone and increases in prostaglandin F2α and estradiol 
(E2), all of which are having significance in predicting parturition. Advanced monitoring systems and automated sensors capable of 
tracking these parameters have proven valuable in improving periparturient cow management. Biomarkers, such as increased levels of 
metalloproteinases, lactate dehydrogenase, α1-acid glycoprotein and haptoglobin, combined with a decrease in transthyretin, further 
signal the onset of parturition. In addition, distinct metabolite profiles including changes in prostaglandins and lipid metabolites such 
as glycerophospholipids, lysophosphatidylcholines, and sphingolipids, provide molecular insights into the proximity of parturition. This 
comprehensive approach, combining behavioural, endocrine and biochemical markers, enhances the accuracy of parturition prediction, 
ultimately improving reproductive success and reducing reproductive losses in cattle.
Keywords: Behaviour, Biomarker, Bovine, Hormones, Parturition, Prediction
Ind J Vet Sci and Biotech (2025): 10.48165/ijvsbt.21.3.01

REVIEW ARTICLE

© The Author(s). 2025  Open Access This work is licensed under a Creative Commons Attribution-Non Commercial-No Derivatives 4.0 International License.

In t r o d u c t i o n

Parturition, or the process of giving birth, represents a 
critical event in livestock management. This process 

begins with the activation of the fetal hypothalamus-
pituitary-adrenal (HPA) axis, which plays a pivotal role in 
initiating labor. Near parturition, fetal cortisol triggers an 
increase in estradiol production, facilitating the relaxation 
of the birth canal and activating cervical secretory functions. 
Prostaglandin F2 alpha (PGF2α) initiates smooth muscle 
contractions and induces regression of the corpus luteum, 
subsequently reducing progesterone levels. The combined 
elevation of estradiol and PGF2α concentrations intensifies 
uterine contractions. In conjunction with estrogen, relaxin 
contributes to pelvic ligament relaxation, notably the 
sacrosciatic ligament (Senger, 2003; Streyl et al., 2011). 
Additionally, oxytocin surges, and these hormonal shifts lead 
to the depolarization of myometrial cells, thereby enhancing 
uterine motility, ultimately resulting in fetal delivery (Wood, 
1999).

Around the time of calving, dairy cows are at an 
increased risk of calving associated and postpartum health 
complications. Safe and timely parturition is essential for 
reproductive success in cattle, as premature labor can lead 
to preterm birth and neonatal mortality, while delayed 
parturition may cause fetal distress, in-utero death, or 
dystocia. Accurate prediction of parturition is crucial to 
optimize animal care and reduce the risk of complications, 
including dystocia (difficult calving), vaginal lacerations, 
retained fetal membranes, and subsequent clinical metritis 
or endometritis, which can adversely impact both maternal 

and calf health. Reproductive losses can compromise fertility, 
reduce milk production, impair future performance, and 
result in significant economic losses within cattle production. 
Thus, accurate parturition prediction is essential to prevent 
reproductive losses, facilitate planning for elective Cesarean 
sections, and determine the appropriate time to move a 
cow to the calving pen (preferably few days before calving). 
Predicting parturition also enables the planning of human 
supervision, especially during nighttime, and enhances 
overall management practices and monitoring, ultimately 
improving maternal and neonatal calf health outcomes 
(Saint-Dizier and Chastant-Maillard, 2015). To predict 
parturition accurately, it is essential to understand and 
recognize the hormonal, biochemical, metabolic, physical, 
and behavioural changes associated with calving (Fig.1). 
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Fig. 1: Methods and strategies for predicting parturition in bovines

Dry matter intake (DMI) has been observed to decrease 
by approximately 30% on the day of calving compared to 
the previous day (Huzzey et al., 2007; Proudfoot et al., 2009; 
Schirmann et al., 2013). Additionally, rumination time declines 
progressively, starting about one week before calving, with a 
sharp decrease noted from 24 hours to 3 hours before calving 
compared to the dry period (Calamari et al., 2014; Pahl et al., 
2014; Ouellet et al., 2016; Borchers et al., 2017). This gradual 
reduction in DMI and rumination time is attributed to the 
expanding gravid uterine volume, which limits digestive 
capacity, and the stress associated with the calving process 
(Hulsen, 2006; Miedema et al., 2011).

Notably, increased lying bouts and frequent tail-raising, 
observed 24 hours prior to parturition, are among the most 
accurate indicators of impending calving, as documented 
through video observations (Miedema et al., 2011). A decrease 
in total lying time and an increase in lying bouts have also 
been reported 24 hours before calving (Black and Krawczel, 
2016; Rice et al., 2017; Sepúlveda-Varas et al., 2018; Hendriks et 
al., 2019; Miedema et al., 2011). Tail-raising, a long-established 
indicator of calving, becomes markedly more frequent 
approximately 6 hours before calving (Miedema et al., 2011; 
Barrier et al., 2012; Jensen, 2012).

Body Temperature Changes
Body temperature in cattle typically decreases shortly before 
parturition. Rectal temperatures have been observed to 
drop by approximately 0.5 to 1.6 °F the day before calving, 
effectively predicting parturition within a day (Streyl et al., 
2011). A marked decline in vaginal temperature, ranging 
from ≥0.3 to ≥0.5 °C, often occurs within 24 to 48 hours 
prior to calving (Aoki et al., 2005; Burfeind et al., 2011; Ricci et 

Phys i c a l, Be h av i o ua l a n d Te m p e r at u r e 
Ch a n g e s As s o c ia t e d Wi t h Pa r t u r i t i o n 

Physical Changes during Pre- and Peri-Parturient 
Stages
Physical changes, such as the relaxation of the sacrosciatic 
ligament, are considered reliable indicators for predicting 
calving within 12 to 24 hours (Kornmatitsuk et al., 2000; 
Hulsen, 2006). This relaxation manifests as a noticeable 
indentation beside the tail head (Dyce et al., 2010). In fact, 
the relaxation of pelvic ligaments serves as one of the most 
reliable clinical indicators when assessed alongside other 
parameters (Streyl et al., 2011). Other observable changes, 
including abdominal distension and udder engorgement 
(often referred to as “bagging up”), vulvar swelling, and 
teat strutting, are common signs of impending parturition, 
however, they are less reliable indicators for precise prediction 
of parturition timing (Hofmann et al., 2006). 

Behavioural Changes Associated with Parturition
Behavioural changes preceding parturition include reduced 
feed intake, decreased rumination time, increased activity, 
frequent lying bouts, tail raising, and ground-licking 
(Miedema et al., 2011). During parturition, discomfort 
caused by regular myometrial contractions leads to restless 
behaviours such as frequent turning and looking around, 
vocalizations, licking and pawing at bedding material, lifting 
and waving the tail, increased mobility, separation from 
the herd, frequent changes between lying and standing 
positions, and interrupted feeding patterns (Phillips, 2002; 
Miedema et al., 2011; Nagel et al., 2020).
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al., 2018). Similarly, ruminal temperatures, measured using 
ruminal boluses, decrease by about 0.3 °C (0.54 °F) around 
24 hours before parturition (Cooper-Prado et al., 2011). It has 
been suggested that the estrogen-to-progesterone ratio is a 
primary factor regulating body temperature in the prepartum 
period (Rexha et al., 1993).

Recent studies on Murrah buffaloes demonstrated 
that eye temperature and udder skin surface temperature 
(USST), as measured by infrared thermography, also showed 
significant declines 6-12 hours before calving, coinciding 
with a decrease in progesterone concentration. However, the 
diagnostic sensitivity of eye temperature and USST ranged 
from 50% to 57% at 48 hours pre-calving, indicating limited 
predictive value for calving in buffaloes (Teja et al., 2023).

Se n s o r s a n d De v i c e s To Pr e d i c t On s e t Of  
Pa r t u r i t i o n      
In addition to traditional methods that assess external and 
behavioural signs, advanced technologies now offer more 
precise ways to detect the onset of calving. These systems 
include sensors that monitor behaviours such as rumination, 
eating, activity, and tail raising, providing real-time alerts of 
impending parturition.

Various sensors have been developed for calving 
prediction. For instance, inclinometer monitors tail-raising 
behaviour, which significantly increases in frequency within 
the final six hours before calving (Miedema et al., 2011). 
However, they can be dislodged or damaged by licking, 
chewing, constant tail movement, or during fetal delivery, 
which may compromise the detection of behavioural 
cues. Neck collars are another sensor type that monitors 
feeding time, rumination, and resting behaviours, while 
accelerometers attached to the hind limbs track step count 
and lying bouts. Additionally, sensors are available to monitor 
core body temperature decreases in areas such as the vaginal 
canal, ventral tail base, ear surface, and reticulo-rumen (Saint-
Dizier and Chastant-Maillard, 2015; Szenci, 2022).

Temperature monitoring at the ventral tail base, 
for example, has shown a consistent drop in core body 
temperature approximately 24 hours before calving. This 
decrease is due to reduced blood flow caused by fetal 
pressure on the tail blood vessels (Walls and Jacobson, 1970) 
and can be detected by sensors attached to the ventral tail 
base surface (Koyama et al., 2018). Vaginal probes, placed 
within the vaginal canal or attached to the vulvar skin, 
detect the expulsion of the allantochorion and calf with high 
accuracy, though they pose a mild risk of vaginal laceration 
or inflammation upon insertion (Ricci et al., 2018; Saint-Dizier 
and Chastant-Maillard, 2015; Szenci, 2022).

Furthermore, researchers have developed machine 
learning algorithms that predict calving within 1-5 days by 
analyzing activity, temperature, and drinking behaviours 
using reticuloruminal boluses, which measure both activity 
and temperature. These algorithms achieve a sensitivity of 

75.84% and specificity of 92.99% (Vázquez-Diosdado et al., 
2023). The combination of multiple sensors can significantly 
enhance the accuracy of predicting the onset of parturition.

Bi o m a r k e r s In Pr e d i c t i n g Pa r t u r i t i o n  
Parturition is driven by complex molecular interactions and 
the production and release of various bioactive mediators at 
the maternal-fetal interface, leading to uterine contractions, 
cervical changes, and ultimately fetal expulsion. A significant 
increase in fetal cortisol stimulates estrogen production 
and progesterone withdrawal, which is key to initiating 
parturition in cattle (Lye, 1996). This shift in placental steroid 
production upregulates contraction-associated proteins in 
the myometrium and releases uterotonic prostaglandins, 
driving uterine contraction and fetal expulsion (Gyomorey 
et al., 2000; Whittle et al., 2000; Shenavai et al., 2012). 
Additionally, estrogen-induced increases in connexin-43 
expression and myometrial transcription factors (c-fos, c-myc, 
c-Jun) promote the synthesis and release of stimulatory 
uterotonins like prostaglandins and oxytocin (Lye, 1996). 
About 36-48 hours before birth, the metabolite 15-keto-
13,14-dihydro PGF2α (PGFM) also begins to increase, signaling 
impending parturition (Shenavai et al., 2012).

Endocrine Biomarkers
The most accurate prepartum hormonal change is a decrease 
in plasma progesterone (P4), where concentrations below 
1.2 ng/mL indicate calving within 12-24 hours (Streyl et al., 
2011; Hiew et al., 2020; Monteiro et al., 2024). While estradiol 
(E2) levels rise one day before parturition (~1 ng/mL) and 
drop significantly within a day postpartum (~0.4 ng/mL), 
its variability makes it less reliable, with a high rate of false 
prediction (Saint-Dizier and Chastant-Maillard, 2015; Monteiro 
et al., 2024). Cortisol, prolactin, and PSP-B also increase before 
parturition but are considered less accurate as markers for 
calving onset (Yi et al., 2022; Hiew et al., 2020; Monteiro 
et al., 2024). Blood glucose levels increase on the day of 
parturition, likely in response to hypercortisolemia; a glucose 
concentration above 79 mg/dL offers a practical, low-cost way 
to predict parturition within 6-12 hours (Hiew et al., 2020).

Proteomic Biomarkers
Changes in plasma protein expression around calving may 
serve as critical markers to regulate parturition in dairy cows. 
Quantitative proteomics play a pivotal role in identifying 
these biomarkers and unraveling the molecular pathways 
of parturition (Boylan et al., 2010; Kolla et al., 2010). Acute-
phase proteins, such as haptoglobin and α1-acid glycoprotein 
(AGP), rise significantly near parturition, reflecting stress 
and inflammatory responses (Bionaz et al., 2007; Bossaert 
et al., 2012). Mannose-binding protein C (MBL) is essential 
for successful pregnancy, with lower levels associated with 
premature birth and reduced birth weight, highlighting its 
potential as a biomarker (Bouwman et al., 2006). Additionally, 
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proteins like metalloproteinase inhibitors and lactate 
dehydrogenase (LDH) are integral to tissue remodeling, 
cervical ripening, uterine contractions, and placental 
separation, indicating their role as parturition markers 
(Wawrzykowski et al., 2018). Elevated serum LDH levels also 
correlate with pregnancy complications, signaling potential 
maternal and perinatal risks (Afroz et al., 2015).

Steroid hormones are primarily bound to transport 
proteins such as corticosteroid-binding globulin (CBG), which 
regulates steroid bioavailability to target tissues (Fernández-
Real et al., 1999). During parturition, a decrease in CBG levels 
increases free cortisol, promoting gluconeogenesis and 
raising glucose levels essential for parturient energy demands 
(Berdusco et al., 1995; Risberg et al., 2016; Bae and Kratzsch, 
2015). Despite these findings, the ontogeny and glycoform 
composition of CBG remain insufficiently characterized. 
Further proteomic studies are warranted to validate these 
biomarkers and deepen our understanding their role in 
bovine parturition mechanisms and explore their possibility 
for calving prediction.

Metabolomic Markers
The periparturient period in dairy cows is marked by significant 
endocrine and metabolic shifts. Targeted metabolomics 
quantifies specific metabolites in crucial metabolic pathways, 
while untargeted metabolomics compares metabolite levels 
between control and experimental groups, aiding in disease 
marker screening (Patti et al., 2012; Li et al., 2017). It has been 
observed that glycerophospholipid and sphingolipid levels 
decrease approximately 10 days before and 3 days after 
calving, while lactate concentrations, as TCA cycle precursors, 
increase near parturition, particularly on the day of calving 
(Luo et al., 2019; Monteiro et al., 2024). Future studies should 
employ targeted metabolomics to verify metabolites and 
regulatory enzymes in these pathways.

Circulating MicroRNAs (miRNAs) 
MicroRNAs (miRNAs), approximately 17-24 nucleotide-long 
non-coding RNA molecules, regulate gene expression post-
transcriptionally, playing a role in pregnancy maintenance 
(O’Brien et al., 2018; Chatterjee and Thakur, 2024). Their 
high stability makes them potential non-invasive disease 
biomarkers (Mitchell et al., 2008; Morales-Prieto et al., 2013). 
In humans, miRNA profiling can be used for early pregnancy 
detection and assessing pregnancy complications (Mitchell 
et al., 2008; Miura et al., 2010). Although bovine research 
on miRNAs as parturition predictors is limited, this field 
presents a promising direction for developing alternative, 
non-invasive biomarker methods for parturition prediction. 
Further in-depth analyses are required to identify miRNAs 
and their target genes for use as reliable parturition markers 
in dairy cows.

Co n c lu s i o n

Predicting parturition in dairy cows is essential for managing 
parturition and reduce the calving associated complication. 
Traditional methods, though useful, are increasingly 
complemented by advanced sensor technologies that 
monitor behavioural and physiological indicators in real 
time. Molecular cues, such as specific hormones, proteins, 
and nucleic acids, offer promising biomarkers for calving 
prediction, though further validation is needed. By 
combining automated sensor data with genomic, proteomic, 
and metabolomic biomarkers, we can enhance calving 
prediction, improve dam and calf welfare, reproductive 
efficiency and overall performance of dairy herd. 

Fu t u r e Di r e c t i o n

Advancing real-time sensor technology holds significant 
promise for improving the accuracy of calving predictions. 
Integrating automated sensor systems to monitor 
physiological and molecular cues could provide a more 
reliable, real-time approach for calving detection, enhancing 
both animal welfare and farm management. Future research 
should focus on discovering and validating genomic, 
proteomic, and metabolomic biomarkers to accurately 
predict parturition onset and identify potential calving 
associated complications. Further investigation into 
circulating nucleic acids (CNAs) and microRNAs (miRNAs) as 
biomarkers holds a promising area to explore their potential 
for calving prediction. Biomarkers could increase prediction 
accuracy and provide a practical, non-invasive approach for 
use in farm environments.

Re f e r e n c e s
Afroz, R., Akhter, Q.S., Sadia, H., & Sultana, S. (2015). Serum lactate 

dehydrogenase (LDH) level in severe preeclampsia. Journal of 
Bangladesh Society of Physiologist, 10(2), 71-75.

Aoki, M., Kimura, K., & Suzuki, O. (2005). Predicting time of 
parturition from changing vaginal temperature measured by 
data-logging apparatus in beef cows with twin fetuses. Animal 
Reproduction Science, 86(1), 1-12.

Bae, Y.J., & Kratzsch, J. (2015). Corticosteroid-binding globulin: 
Modulating mechanisms of bioavailability of cortisol and 
its clinical implications.  Best Practice & Research Clinical 
Endocrinology & Metabolism, 29(5), 761-772.

Barrier, A.C., Ruelle, E., Haskell, M.J., & Dwyer, C.M. (2012). Effect of a 
difficult calving on the vigour of the calf, the onset of maternal 
behaviour, and some behavioural indicators of pain in the 
dam. Preventive Veterinary Medicine, 103(4), 248-256.

Berdusco, E., Yang, K ., Hammond, G., & Challis, J. (1995). 
Corticosteroid-binding globulin (CBG) production by hepatic 
and extra-hepatic sites in the ovine fetus; effects of CBG on 
glucocorticoid negative feedback on pituitary cells in vitro. The 
Journal of Endocrinology, 146(1), 121-130. 

Bionaz, M.E.A., Trevisi, E., Calamari, L.U.I.G.I., Librandi, F., Ferrari, A., 
& Bertoni, G. (2007). Plasma paraoxonase, health, inflammatory 



 Behavioural Biometrics and Biomarkers for Calving Prediction in Bovines

 The Indian Journal of Veterinary Sciences and Biotechnology, Volume 21 Issue 3 ( May-June 2025) 5

conditions, and liver function in transition dairy cows. Journal 
of Dairy Science, 90(4), 1740-1750.

Black, R.A., & Krawczel, P.D. (2016). A case study of behaviour and 
performance of confined or pastured cows during the dry 
period. Animals, 6(7), 41.

Borchers, M.R., Chang, Y.M., Proudfoot, K.L., Wadsworth, B.A., Stone, 
A.E., & Bewley, J.M. (2017). Machine-learning-based calving 
prediction from activity, lying, and ruminating behaviors in 
dairy cattle. Journal of Dairy Science, 100(7), 5664-5674.

Bossaert, P., Trevisi, E., Opsomer, G., Bertoni, G., De Vliegher, S., 
& Leroy, J.L. (2012). The association between indicators of 
inflammation and liver variables during the transition period 
in high-yielding dairy cows: An observational study.  The 
Veterinary Journal,  192(2), 222-225.

Bouwman, L.H., Roep, B.O., & Roos, A. (2006). Mannose-binding 
lectin: Clinical implications for infection, transplantation, and 
autoimmunity. Human immunology, 67(4-5), 247-256.

Boylan, K.L., Andersen, J.D., Anderson, L.B., Higgins, L., & Skubitz, 
A.P. (2010). Quantitative proteomic analysis by iTRAQ® for 
the identification of candidate biomarkers in ovarian cancer 
serum. Proteome Science, 8, 1-9.

Burfeind, O., Suthar, V.S., Voigtsberger, R., Bonk, S., & Heuwieser, 
W. (2011). Validity of prepartum changes in vaginal and rectal 
temperature to predict calving in dairy cows. Journal of Dairy 
Science, 94(10), 5053-5061.

Calamari, L.U.I.G.I., Soriani, N., Panella, G., Petrera, F., Minuti, A., & 
Trevisi, E. (2014). Rumination time around calving: An early 
signal to detect cows at greater risk of disease. Journal of Dairy 
Science, 97(6), 3635-3647.

Chatterjee, B., & Thakur, S.S. (2024). miRNA–protein–metabolite 
interaction network reveals the regulatory network and players 
of pregnancy regulation in dairy cows.  Frontiers in Cell and 
Developmental Biology, 12, 1377172.

Cooper-Prado, M., Long, N., Wright, E., Goad, C., & Wettemann, R. 
(2011). Relationship of ruminal temperature with parturition 
and estrus of beef cows. Journal of Animal Science, 89(4), 
1020-1027.

Dyce, K.M., Sack W.O., & Wensing, C.J.G. (2010). The pelvis and 
reproductive organs of the ruminant. In: Textbook of Veterinary 
Anatomy. St Louis, MO, Saunders Elsevier, p. 698-727.

Fernández-Real, J., Grasa, M., Casamitjana, R., Pugeat, M., 
Barret, C., & Ricart, W. (1999). Plasma total and glycosylated 
corticosteroid-binding globulin levels are associated with 
insulin secretion.  The Journal of Clinical Endocrinology and 
Metabolism, 84(9), 3192-3196. 

Gyomorey, S., Gupta, S., Lye, S.J., Gibb, W., Labrie, F., & Challis, J.R.G. 
(2000). Temporal expression of prostaglandin H synthase type 
2 (PGHS-2) and P450C17 in ovine placentomes with the natural 
onset of labour. Placenta, 21(5-6), 478-486.

Hendriks, S.J., Phyn, C.V.C., Turner, S.A., Mueller, K.M., Kuhn-Sherlock, 
B., Donaghy, D.J., ... & Roche, J.R. (2019). Lying behaviour and 
activity during the transition period of clinically healthy 
grazing dairy cows. Journal of Dairy Science, 102(8), 7371-7384.

Hiew, M.W.H., Megahed, A.A., Horstman, L.A., & Constable, P.D. 
(2020). Clinical utility of plasma progesterone and blood and 
plasma glucose concentrations in predicting parturition in 
Holstein cows. Journal of Dairy Science, 103(6), 5575-5590.

Hofmann, E., Failing, K., & Wehrend, A. (2006) Changes of the vulva 
and the vestibulum in suckler cows and heifers during the last 
seven days ante partum. Tieraerztliche Praxis Ausgabe Grosstiere 
Nutztiere, 34, 15-19. 

Hulsen, J. (2006) Cow Signals: A Practical Guide for Dairy Farm 
Management. Roodbont Publishers, Zutphen, Netherlands, 
pp. 96

Huzzey, J.M., Veira, D.M., Weary, D.M., & Von Keyserlingk, M.A.G. 
(2007). Prepartum behavior and dry matter intake identify 
dairy cows at risk for metritis. Journal of Dairy Science, 90(7), 
3220-3233.

Jensen, M.B. (2012). Behaviour around the time of calving in dairy 
cows. Applied Animal Behaviour Science, 139(3-4), 195-202.

Kolla, V., Jenö, P., Moes, S., Tercanli, S., Lapaire, O., Choolani, M., & 
Hahn, S. (2010). Quantitative proteomics analysis of maternal 
plasma in Down syndrome pregnancies using isobaric tagging 
reagent (iTRAQ). BioMed Research International, 2010(1), 952047.

Kornmatitsuk, B., Konigsson, K., Kindahl, H., Gustafsson, H., Forsberg, 
M., & Madej, A. (2000). Clinical signs and hormonal changes in 
dairy heifers after induction of parturition with prostaglandin 
F2 alpha. Journal of Veterinary Medicine. A, Physiology, 
Pathology, Clinical Medicine, 47(7), 395-409

Koyama, K., Koyama, T., Sugimoto, M., Kusakari, N., Miura, R., 
Yoshioka, K., & Hirako, M. (2018). Prediction of calving time in 
Holstein dairy cows by monitoring the ventral tail base surface 
temperature. The Veterinary Journal, 240, 1-5.

Li, S., Wang, Q., Lin, X., Jin, X., Liu, L., Wang, C., ... & Liu, H. (2017). The 
use of “Omics” in lactation research in dairy cows. International 
Journal of Molecular Sciences, 18(5), 983.

Luo, Z.Z., Shen, L.H., Jiang, J., Huang, Y.X., Bai, L.P., Yu, S.M., ... & Cao, 
S.Z. (2019). Plasma metabolite changes in dairy cows during 
parturition identified using untargeted metabolomics. Journal 
of Dairy Science, 102(5), 4639-4650.

Lye, S.J. (1996). Initiation of parturition.  Animal Reproduction 
Science, 42(1-4), 495-503.

Miedema, H.M., Cockram, M.S., Dwyer, C.M., & Macrae, A.I. (2011). 
Changes in the behaviour of dairy cows during the 24 h 
before normal calving compared with behaviour during late 
pregnancy. Applied Animal Behaviour Science, 131(1-2), 8-14.

Mitchell, P.S., Parkin, R.K., Kroh, E.M., Fritz, B.R., Wyman, 
S.K., Pogosova-Agadjanyan, E.L., ... & Tewari, M. (2008). 
Circulating microRNAs as stable blood-based markers for 
cancer detection.  Proceedings of the National Academy of 
Sciences, 105(30), 10513-10518.

Miura, K., Miura, S., Yamasaki, K., Higashijima, A., Kinoshita, 
A., Yoshiura, K.I., & Masuzaki, H. (2010). Identification of 
pregnancy-associated microRNAs in maternal plasma. Clinical 
chemistry, 56(11), 1767-1771.

Monteiro, P.L., Wiltbank, M.C., Frizzarini, W.S., Andrade, J.P.N., 
Cabrera, E.M., Schoenfeld, S.G., ... & Hernandez, L.L. (2024). 
Hormonal profiles and biomarkers leading to parturition in 
cattle. Biology of Reproduction, 133, 1-15.

Morales-Prieto, D.M., Ospina-Prieto, S., Chaiwangyen, W., 
Schoenleben, M., & Markert, U.R. (2013). Pregnancy-associated 
miRNA-clusters.  Journal of Reproductive Immunology,   97(1), 
51-61.

Nagel, C., Aurich, J., & Aurich, C. (2020). Prediction of the onset of 
parturition in horses and cattle. Theriogenology, 150, 308-312.

O’Brien, J., Hayder, H., Zayed, Y., & Peng, C. (2018). Overview 
of microRNA biogenesis, mechanisms of actions, and 
circulation. Frontiers in Endocrinology, 9, 402.

Ouellet, V., Vasseur, E., Heuwieser, W., Burfeind, O., Maldague, X., 
& Charbonneau, É. (2016). Evaluation of calving indicators 
measured by automated monitoring devices to predict 



 Behavioural Biometrics and Biomarkers for Calving Prediction in Bovines

The Indian Journal of Veterinary Sciences and Biotechnology, Volume 21 Issue 3 ( May-June 2025)6

the onset of calving in Holstein dairy cows. Journal of Dairy 
Science, 99(2), 1539-1548.

Patti, G.J., Yanes, O., & Siuzdak, G. (2012). Metabolomics: the apogee 
of the omics trilogy.  Nature Reviews Molecular Cell Biology, 13(4), 
263-269.

Pahl, C., Hartung, E., Grothmann, A., Mahlkow-Nerge, K., & 
Haeussermann, A. (2014). Rumination activity of dairy cows 
in the 24 hours before and after calving.  Journal of Dairy 
Science, 97(11), 6935-6941.

Phillips, C.J.C. (2002). Cattle Behaviour and Welfare. Blackwell Science, 
Oxford, p. 152-198.

Proudfoot, K.L., Huzzey, J.M., & Von Keyserlingk, M.A.G. (2009). 
The effect of dystocia on the dry matter intake and behavior 
of Holstein cows. Journal of Dairy Science, 92(10), 4937-4944.

Rexha, S., Grunert, E., & Saratsis, P. (1993). Relationships between 
the steroid hormone profiles and prodromal external signs of 
calving. Tierarztliche Umschau, 48(7), 431-436.

Risberg, A., Sjöquist, M., Wedenberg, K., & Larsson, A. (2016). 
Elevated glucose levels in early puerperium, and association 
with high cortisol levels during parturition.  Scandinavian 
Journal of Clinical and Laboratory Investigation, 76(4), 309-312.

Ricci, A., Racioppi, V., Iotti, B., Bertero, A., Reed, K.F., Pascottini, O.B., & 
Vincenti, L. (2018). Assessment of the temperature cut-off point 
by a commercial intravaginal device to predict parturition in 
Piedmontese beef cows. Theriogenology, 113, 27-33.

Rice, C.A., Eberhart, N.L., & Krawczel, P.D. (2017). Prepartum lying 
behavior of Holstein dairy cows housed on pasture through 
parturition. Animals, 7(4), 32.

Saint-Dizier, M., & Chastant-Maillard, S. (2015). Methods and 
on-farm devices to predict calving time in cattle. The Veterinary 
Journal, 205(3), 349-356.

Schirmann, K., Chapinal, N., Weary, D.M., Vickers, L., & Von 
Keyserlingk, M.A.G. (2013). Rumination and feeding behavior 
before and after calving in dairy cows.  Journal of Dairy 
Science, 96(11), 7088-7092.

Senger, P. (2003). Placentation, the endocrinology of gestation and 
parturition. Pathways to pregnancy and parturition, Current 
Conceptions Inc., 2, 304-325.

Sepúlveda-Varas, P., Lomb, J., Von Keyserlingk, M.A.G., Held, R., 
Bustamante, H., & Tadich, N. (2018). Claw horn lesions in 

mid-lactation primiparous dairy cows under pasture-based 
systems: Association with behavioral and metabolic changes 
around calving. Journal of Dairy Science, 101(10), 9439-9450.

Shenavai, S., Preissing, S., Hoffmann, B., Dilly, M., Pfarrer, C., 
& Schuler, G. (2012). Investigations into the mechanisms 
controlling parturition in cattle. Reproduction, 144(2), 279-292.

Streyl, D., Sauter-Louis, C., Braunert, A., Lange, D., Weber, F., & Zerbe, 
H. (2011). Establishment of a standard operating procedure for 
predicting the time of calving in cattle. Journal of Veterinary 
Science, 12(2), 177-185.

Szenci, O. (2022). Accuracy to predict the onset of calving in 
dairy farms by using different precision livestock farming 
devices. Animals, 12(15), 2006.

Teja, A., Sakthivel, J., Ananda Rao, K., Kumaresan, A., Ramesha, K.P., 
Krishnaswamy, N., ... & Rajbangshi, N. (2023). Digital infrared 
thermal imaging of udder skin surface temperature: A novel 
non-invasive technology to monitor calving process in Murrah 
buffalo (Bubalus bubalis). Scientific Reports, 13(1), 13207.

Vázquez-Diosdado, J.A., Gruhier, J., Miguel-Pacheco, G.G., Green, M., 
Dottorini, T., & Kaler, J. (2023). Accurate prediction of calving 
in dairy cows by applying feature engineering and machine 
learning. Preventive Veterinary Medicine, 219, 106007.

Walls, J.R., & Jacobson, D.R. (1970). Skin temperature and blood flow 
in the tail of dairy heifers administered extracts of toxic tall 
fescue. Journal of Animal Science, 30(3), 420-423.

Wawrzykowski, J., Franczyk, M., Hoedemaker, M., Pries, M., Streuff, 
B., & Kankofer, M. (2018). Preliminary data on possible protein 
markers of parturition in cows.  Reproduction in Domestic 
Animals, 53(1), 116-126.

Whittle, W.L., Holloway, A.C., Lye, S.J., Gibb, W., & Challis, J.R.G. (2000). 
Prostaglandin production at the onset of ovine parturition 
is regulated by both estrogen-independent and estrogen-
dependent pathways. Endocrinology, 141(10), 3783-3791.

Wood, C. (1999). Control of parturition in ruminants. Journal of 
Reproduction and Fertility, 54, 115-126.

Yi, J., Yum, S.Y., Kim, D., Han, S., Ha, J., Kim, J., & Moon, J. (2022). 
Differences in hormone levels around parturition in Hanwoo 
cattle (Bos taurus coreanae) following artificial insemination 
and embryo transfer.  Veterinary Medicine and Science,  8(3), 
1258-1263.


