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FACTORS AFFECTING NEONATAL AND PERIPARTUM MATERNAL 

METABOLISM AND BEHAVIOR IN BEEF CATTLE AND HORSES 

Natalie Duncan 

Dr. Allison Meyer, Thesis Supervisor 

 

ABSTRACT 

Three studies were conducted to investigate perinatal changes in metabolism and 

behavior of beef cattle and horses. In the first study, effects of parity on perinatal nutrient 

availability assessed through calf size and vigor, placental characteristics, maternal and 

neonatal metabolic status, and colostrum quality were examined in beef cattle. Calves 

born to multiparous dams had greater birth weight and tended to have larger placentas. 

Protein was greater and lactose tended to be less in colostrum from primiparous dams. 

There was an interaction of parity x hour for all neonatal calf serum energy metabolites 

as well as BUN, creatinine, albumin, and insulin. In the second study, changes in 

neonatal foal and peripartum mare metabolites were examined during the 72 h after 

foaling. The majority of neonatal foal serum energy and protein metabolites, electrolytes, 

metabolic enzymes, and complete blood chemistry profiles changed over time, indicating 

the importance of age at sampling time during the first 72 h postnatally. Peripartum 

maternal plasma glucose, serum BUN, and serum non-esterified fatty acids (NEFA) also 

changed within 24 h postpartum. The objectives of the third study were to determine 

changes in locomotion behavior prior to parturition in beef cattle, and the effect of parity 

on those behavioral changes. Changes in activity were detected during the 3 d prior to 

calving, with some parameters affected by parity. Lying bouts increased on the day prior 

to calving, with these increases primarily occurring during the 3 h prior to calving. This 

indicates that lying bouts may be useful for calving prediction technologies. 
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REVIEW OF LITERATURE 

INTRODUCTION 

It has been well established that the health of the dam and her offspring is 

essential for the economic success of grazing livestock producers; however, neonatal 

mortality still occurs among most production systems. In 2015, 5.8 % of foals born alive 

died before 30 d of age with over half (3.3%) of those occurring during the first 2 d of life 

(APHIS, 2017). A 2015 survey reported that pre-weaning beef calf loss was 5.5%, over 

half of which were born alive (USDA-APHIS, 2015). One third of this calf loss occurs 

within 24 h of birth, and another third die within 24 h to 3 wk postnatally (USDA-

APHIS, 2010). The mortality of neonates may be attributed to a variety of factors 

including dysmaturity, dystocia, adverse birthing site conditions, poor maternal care, 

infection (sepsis in foals) and insufficient colostrum ingestion (Haas et al., 1996; USDA-

APHIS, 2010).  

The transition from the fetal stage to extrauterine life is comprised of many 

additional challenges that neonates must survive. Negative impacts on health, both pre- 

and postnatally, can have lasting impacts on offspring health and productivity (Barker, 

2004). While in utero, offspring are affected by maternal nutrition, maternal health, and 

environment (Barker et al., 1993).  To overcome postnatal challenges, neonates must 

have sufficient vigor to achieve passive transfer of immunoglobulins, continue suckling 

as a source of energy and to maintain good metabolic status. When vigor is reduced, 

assistance from the producer is essential to reduce neonatal morbidity and mortality. 

Early detection of parturition can ensure appropriate neonatal care is provided in a timely 

manner. 
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The objective of this review is to present relevant research from the literature 

pertaining to methods of parturition detection in grazing livestock, neonatal vigor, and 

changes in neonatal and peripartum metabolic status. 

 

PERIPARTUM BEHAVIOR 

Current Industry Methods for Parturition Prediction and Detection 

 It is important that neonates are closely examined soon after birth to improve 

survival during the perilous first 2 d of life. In the equine industry, late gestation mares 

are typically managed on an individual basis during late gestation. To determine timing 

of parturition, mares may be under 24 h supervision using foaling cameras and/or trained 

personnel. Physical signs of impending parturition that are routinely monitored include 

increased udder fill, pelvic ligament relaxation, increased vulval laxity, and changes in 

milk secretion color and viscosity (Brinsko et al., 2010). The timing of when these 

changes occur varies on an individual basis but often aid in determining at what point in 

late gestation 24 h monitoring is required to keep costs and labor at a minimum. 

To further reduce the amount of labor expended by continuously watching a mare, 

technological advances have occurred to decrease the amount of time a mare is under 

constant observation. Test kits are commercially available that titrate for calcium 

carbonate concentrations in pre-foaling udder secretion. These colorimetric test kits 

(FoalWatch™ test kit; Chemetrics, Midland, VA 22728) are reported to predict time of 

foaling through reports that mares with calcium carbonate concentrations greater than 

200 ppm have a 97% chance of foaling within 72 h of testing (Ley et al., 1989). Milk pH 

indicatory strips represent a cheaper and commonly-used alternative, but they are 
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considered less reliable as there is only a 54.2% chance a mare will foal within 24 h 

following a decrease in pH to ≤ 6.4 (Korosue et al., 2013). Some foaling facilities also 

use automated foaling devices such as Foalert® devices that work through the use of 

magnets. The magnetic device is sutured to either side of the vulva at the labia and sends 

an electronic page signal, text message or telephone call to a foaling manager when the 

magnets are detached, presumably by a foal passing through the vagina. Because these 

devices are not recommended to be left on mares for a long period of time, usually no 

more than a few days, they often work best in conjunction with other prediction methods 

to narrow down when they would be most beneficial to employ. While they can be 

helpful for facilities that make daytime monitoring difficult, they are not recommended to 

replace continual monitoring entirely as the alarm does not often sound in the event of a 

dystocia, such as a breached presentation (Dascanio, 2014b). Positional labor alert 

devices are another type of automated foaling detection system. These devices work 

through the use of a transmitter attached to the halter or around the girth ad are able to 

detect and signal lateral recumbency (Bradecamp and Ferris, 2014). This system is prone 

to error as some mares may foal standing up (particularly when they are nervous in their 

environment). It is also likely to trigger false alarms in the event a mare is sufficiently 

comfortable in her environment to lie down laterally for sleep. These many means for the 

detection of parturition allow for peripartum mares and neonates to be closely observed 

for signs of complications with foaling or early morbidity in the neonate.  

While the equine industry is considered to be relatively advanced in tools for   

parturition prediction, most of the beef industry has not embraced the implementation of 

many automated systems for calving prediction. In 2010, 20.9% of non-predator beef calf 
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death loss was due to problems during calving (USDA-APHIS, 2010). Individual 

monitoring of pregnant dams is required to identify difficulties during parturition 

(dystocia) as early as possible, allowing for optimal human intervention to minimize the 

negative impacts of dystocia and prolonged delivery on neonatal survival. When 

monitoring pregnant dams near calving, experienced cattlemen often use qualitative 

physical and behavioral changes to identify animals that are close to parturition.  

Unlike the equine industry, continuous monitoring for calving is not a practical 

management system for most producers due to the high economic or opportunity cost of 

labor. The implementation of these detection systems may also be unfeasible in a herd 

setting or due to the additional handling of late gestation animals which could be costly 

through added time and labor. With these specific industry standards acknowledged, 

early recognition of parturition in beef heifers and cows via remote sensing within a herd 

setting could nevertheless assist in reducing calf mortality caused by dystocia and is of 

increasing interest in some segments of the beef industry. To be beneficial for producers, 

remote sensing would need to be economical, limit the amount of additional animal 

handling, be useful in a herd setting, and allow for a variety of housing situations 

dependent upon the producer’s operation. 

Mammary secretion test kits similar to those used in the equine industry have 

been examined for efficacy with dairy cows. While electrolyte testing was not as reliable 

in dairy cows as horses, an inorganic phosphate test was useful in timing when cows 

should be moved to a calving pen for close observation (Bleul et al., 2006). While this 

prediction system may be feasible in a dairy system, where animals come to a barn for 

milking twice a day, it is not a realistic tool in the beef industry. Along similar lines, 



5 
 

blood samples have also been used to monitor progesterone (Streyl et al., 2011), as well 

as estrone sulfate and 17-β-estradiol for the purpose of predicting parturition (Shah et al., 

2006).  

Research into remote calving prediction tools has slowly evolved with most 

detection devices being utilized in the dairy industry. Cattle being intensively managed in 

a seedstock operation or those with increased genetic value are more likely to be worth 

the additional cost associated with employment of calving prediction devices. Like the 

equine industry, some operations utilize camera systems during calving, but these 

operations necessitate enclosure of animals in a small area, and often individually, for the 

best results. This system still requires monitoring by personnel; however, some research 

has been done to create automatic real-time monitoring systems that record animal 

behavior through positioning and movement of animal in relationship to multiple cameras 

(Cangar et al., 2008). For visual monitoring of dairy cattle by trained personnel, 

behaviors such as seeking isolation from other animals in the herd (Lidfors et al., 1994), 

restlessness including frequent and short bouts of recumbency (Miedema et al., 2011a), 

as well as changes in rumination and feed intake (Schirmann et al., 2013; Clark et al., 

2015) have been reported in dairy cattle. Unlike in the equine industry, in which most 

peripartum dams are housed in an individually stalled setting, the variation in peripartum 

cow housing can vary significantly depending on the operation. Behavior and feeding 

activity are likely to vary dependent upon housing type, which make the use of these 

observations for calving prediction challenging. Some have tried to take a combination of 

these pre-calving behavioral changes to create an algorithm that is useful for predicting 

parturition (Maltz and Antler, 2007). 
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A change in body temperature has been associated with the onset of parturition 

and can be remotely detected using vaginal and ruminal thermometers (Ewbank, 1963; 

Aoki et al., 2005; Cooper-Prado et al., 2011). This principle is based on an increase in 

body temperature during the 4 to 5 d preceding calving followed by a decrease 6 to 48 h 

prior to calving (Burfeind et al., 2011). The vaginal thermometers, or data loggers, are 

inserted into the vagina prior to calving. This monitoring system has advanced to a 

notification system of a temperature change (Vel’Phone®; Medria Elevage, 

Châteaubourg, France); however, because the devices communicate with a radio base, 

animals must be contained in a smaller area (within 65’ of radio base) to ensure 

communication with the device and subsequent notification to producers. While these 

systems still require animal handling prior to calving, these sensors are generally expelled 

with the calf (but not always) and do not require postpartum handling for the purpose of 

removal. An idea of where the animal calved is essential for device retrieval to prevent 

loss or damage of expensive equipment. 

Some behavioral changes have been utilized in remote sensing to assist in the 

monitoring of animals when continuous monitoring is not possible. One behavioral sign 

is an increased frequency of tail raising (Miedema et al., 2011a, b). Based on this 

observation, tail-mounted motion sensors have been designed to attach snugly to the cow 

or heifer’s tail with a band (Moocall™; Moocall Ltd, Dublin, Ireland). These sensors 

work through cellular networks to send a text message and therefore do not require 

confinement near a radio base. These devices are not recommended to be left on for more 

than 3 d to avoid discomfort on the cow’s tail; however, the battery can last for up to 60 d 

after activation. This feature makes them useful when cows are known to be near calving; 
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however they have a high input cost, require animal handling to install at a time relatively 

close to calving, and require contact with the animal post-calving for retrieval. Because 

they are not expelled with the fetus, there is less chance of losing these devices than with 

vaginal temperature monitors, making them more appropriate for calving in larger areas; 

however, access to a chute or confined area is still required for retrieval. 

Electronic locomotion monitoring has been used in the dairy industry for health 

and estrus detection, allowing for the observation of behavior on multiple cows without 

the need to physically observe each cow individually. Individual animal locomotion can 

be measured through the use of pedometers and accelerometers placed around the pastern 

of individual animals. IceTags™ or IceQubes™ (iceRobotics, Edinburgh, UK) have been 

used to quantify locomotion and have been validated against video monitoring to ensure 

accuracy for the use during late gestation in dairy cows (Mattachini et al., 2013; Borchers 

et al., 2016). Studies using free-stalled dairy cows indicate an increase in the number of 

standing bouts on the day of calving (Huzzey et al., 2005) and the greatest increase in 

frequency of recumbent episodes during the final 6 h prepartum (Miedema et al., 2011a; 

Jensen, 2012). A decrease in time lying time from -14 to -2 d  with lowest values of time 

spent laying was noted at 8 h prior to calving in dairy cows (Borchers et al., 2017). In the 

4 h leading up to parturition of the same study, time spent in recumbency again increased 

as well as the number of lying bouts (Borchers et al., 2017). Borchers et al (2017), 

utilized this locomotion data alongside neck activity and rumination HR Tag™ recorders 

(SCR Engineers Ltd.) to create an algorithm for calving detection. Application of the 

algorism demonstrated that the IceQube™ devices independent of other monitoring 

systems were able to best identify the 8 h period during which calving occurred (Borchers 
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et al., 2017). A combination of automatically collected behavior data has been utilized in 

prediction methods by other researchers in the dairy industry successfully; however, 

continued work is needed to limit the number of indication devices needed to make these 

methods practical for dairy industry producers (Maltz and Antler, 2007). These indicators 

of increased activity prior to calving could also be useful for detection of impending 

calving in beef heifers and cows if the technology could be validated. 

Birthing Environments 

 For convenient monitoring of periparturient dams, a smaller pasture or dry lots 

may be used to keep animals in close proximity and confined. This management method 

can help ensure that all animals are visible when checked and help ensure calving cows, 

or new calves are observed. A national survey of spring-calving cow-calf producers in 

1997 demonstrated that only 39.6% of calvings occur in a designated calving area 

(Dargatz et al., 2004). These areas were considered to be individual calving pens, covered 

shed or barns, calving lots, or designated calving pastures that permitted increased 

observation. First parity dams were more likely to be housed in designated areas (63.6%) 

than multiparous dams (37.1%) (Dargatz et al., 2004). The area in which a periparturient 

dam is housed is likely to influence the type of calving prediction systems used. If 

animals are just under constant supervision, a smaller area is likely to ensure that 

parturition complications and newborn calves are observed in a timely manner. The size 

of calving environments has been reported to impact the likelihood of a cow isolating 

herself at time of calving (Lidfors et al., 1994). It may therefore be likely to impact other 

behaviors and consequently cause variation in prediction technologies, especially 

pedometers, dependent upon housing systems. 
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Differences in Behavior Based on Parity 

 Behavioral differences have been noted between primiparous and multiparous 

bovine dams at calving. For example, primiparous dams are likely to seek isolation at a 

greater distance from other animals than multiparous dams (Lidfors et al., 1994). 

Multiparous dams have also been noted to show more interest in other calves near to the 

time of parturition (Lidfors et al., 1994). Based on Dargatz et al. (2004), primiparous 

dams are observed for signs of parturition more frequently than multiparous cows (3.6 

times and 2.6 times, respectively, in a 24 h period) during the calving season. The 

frequency of checking tended to increase overall with increasing size of the herd. 

A difference in locomotor activity levels between primiparous and multiparous 

periparturient dairy cows was recently reported (Titler et al., 2015; Borchers et al., 2017), 

that was detectable for the final 7 d prior to parturition (Borchers et al., 2017). In both 

studies, primiparous dairy cows spent less time lying down and had increased overall 

activity when compared to multiparous cows. Neck activity was also measured in dairy 

cows and revealed an increase in neck movement for primiparous dams (Borchers et al., 

2017). This suggests that behavioral differences associated with parity may impact use of 

electronic activity monitoring, but to our knowledge, the effects of parity on locomotor 

activity near calving have not been studied in beef cattle. 

Future Directions 

 While not as advanced as the equine industry, the dairy industry has been more 

innovative in calving prediction than the beef industry likely because of the increased 

ability to monitor and handle animals closely twice a day. Further research on how these 
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tools can be utilized by the beef industry is warranted as well as studies on how these 

behaviors vary between parity and housing at time of calving are needed.  

 

NEONATAL VIGOR 

 In livestock species, ingestion of colostrum in a timely matter is vital for the 

survival of neonates. Decreased neonatal vigor in the first hours of life may result in 

delayed or weak suckling, and subsequently negatively impact neonatal survival (Odde, 

1988). Therefore, early observation for and recognition of decreased vigor is vital for 

intervention to decrease neonatal morbidity and mortality. 

Benchmarks and Neonatal Health Assessment 

 There is significant variation between production industries regarding the 

intensity of neonatal monitoring based on operation size, labor, experience, and facilities 

set up. Apgar scoring, a standard method of assessment in human neonates, can be used 

to assess neonatal health during the first several minutes of life (Apgar et al., 1958). In 

human medicine, Apgar scoring is comprised of appearance (skin color), pulse (heart 

rate), grimace (reflex irritability), activity (muscle tone), and respiration, with a rating of 

0 to 2 given for each at 60 sec post-delivery (Murray and Leslie, 2013). A low Apgar 

score indicates poor vigor and a neonate at considerable risk immediately following birth 

(Jepson et al., 1991; Finster and Wood, 2005; Veronesi et al., 2005). Modified Apgar 

scores have been created for other species including piglets, foals, and puppies (Randall, 

1971; Veronesi et al., 2005; Veronesi et al., 2009). 

The majority of the equine industry strongly emphasizes the monitoring of 

newborn foals. Beyond the use of a modified Apgar score at 1 min of birth, a common set 
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of benchmarks for neonatal foal health is utilized and commonly referred to as the “1-2-

3’s of foaling” (McCue, 2009). These postnatal benchmarks include: the foal should be 

standing by 1 h of ages, suckling by 2 h, and have passed meconium by 3 h. The 3 h 

benchmark is also used as a point for veterinary intervention if the mare has retained the 

placenta. This guideline is widely advertised throughout the industry to ensure that 

novice breeders understand when veterinary assistance in required in order to optimize 

neonatal health and survivability.  

The beef cow-calf industry does not have a widely known and established set of 

benchmarks upon which to determine neonatal vigor beyond the initial ingestion of 

colostrum. Several German studies have used a modified Apgar score for calves. The 

original calf Apgar score utilized signs of asphyxia as a determinant for scoring (Mulling, 

1977). Using this scoring system, it was later reported that 71% of calves born following 

a prolonged delivery (in which stage 2 of parturition lasted ≥ 2 h) had reduced vigor 

(Schaefer and Arbeiter, 1994). This scoring system was later determined to be inaccurate 

when compared with calf acid-base status, which was deemed as a better classification 

into vitality groups (Herfen and Bostedt, 1999). Components of Mulling’s version of 

Apgar scoring (checking appearance for presence of meconium staining, peripheral 

edema, pink mucosal membrane, heart and respiration rates, muscle tone, stimulation 

reflexes) have been combined with other assessments of newborn dairy calves including 

rectal temperature, monitoring sternal recumbency, number of attempts to rise, time to 

stand, and time to suckle (Mee, 2008). Mee et al. (2008) summarized that dairy calves of 

good vitality should be sternal within 5 min, attempt to stand within 15 min, standing 

within 1 hr, and suckling within 2 hr. These benchmarks are similar to those used in the 
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equine industry and because of their practicality, could be used to help assess newborn 

calf vigor, especially in dairy calves (Murray and Leslie, 2013). From a practicality 

standpoint, a successful set of vigor parameters would be best for the beef industry if it 

did not involve actual handling of the calves.  

A modified Apgar score has been utilized for neonatal dairy calves in a study by 

Sorge et al. (2009) with a scale of 0 (no vitality) to 8 (vigorous). The modified Apgar 

score from this study was then further adjusted to range from 0 to 2 (Sorge et al., 2009; 

Vannucchi et al., 2015). Decreased Apgar score was associated with calving difficulty; 

however, there was no association with neonatal health or postnatal weight gain (Sorge et 

al., 2009). Vigor scores have been used in some lamb research to assess neonatal health 

with a scale of 0 to 4. Lambs receiving a score of 0 were active and standing on all 4 feet 

at 10 min of age and those with a score of 4 were weak, recumbent, and unable to lift 

their head (Matheson et al., 2011; Matheson et al., 2012). Vigor scoring was concluded to 

be most beneficial at 5 min of age in sheep (Matheson et al., 2011).  

Factors Affecting Neonatal Vigor 

Neonatal vigor may also be related to mother-offspring interactions. A study of 

sheep noted that vocalization of lambs is associated with increased maternal care 

(Fonseca et al., 2016). Maternal behavior also plays in a role in time to suckle. In sheep 

studies, a combination of the ewe’s orientation (i.e. positioning of flank near neonate for 

easy udder access) and grooming of the lamb facilitated the drive to suckle (Alexander 

and Williams, 1964). The amount of time spent at the birthing site by the mother has also 

been associated with neonatal health and vigor in lambs (Nowak and Poindron, 2006). 
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Birthing environment is also likely to impact neonatal vigor. Lambs born when 

ambient temperatures were relatively low took longer to stand and suckle (Fonseca et al., 

2016). In a study with dairy calves, colder ambient temperatures were associated with 

decreased circulating glucose at birth (Diesch et al., 2004b). In that study, there was an 

effect of glucose concentration on time to stand. Therefore, it was concluded that the 

ambient temperature into which calves were born affected their vigor (Diesch et al., 

2004b). This observation indicates that neonates born outdoors during cold or inclement 

weather are more likely to need assistance because of decreased vigor. The time of day 

has also been studied for difference in vigor with lambs, but no differences were reported 

(Dwyer, 2003).  The presence of brown adipose tissue is also critical in the maintenance 

of homeothermy for neonates and is of particular importance to neonates born in cold 

conditions (Carstens, 1994). No studies have examined the relationship between brown 

fat quantities and vigor; however a lack of brown fat could lead to reduced vigor in calves 

born in inclement conditions. 

It has been theorized that vigor varies dependent upon sex. Some studies have 

reported no differences in vigor dependent upon sex have been noted in dairy calves 

(Lidfors et al., 1994; Barrier et al., 2012). Suckling behavior in dairy calves, assessed 

through time of initial suckle postnatally, has also been observed to not be different 

between male and female calves (Vasseur et al., 2009). Rather than being an effect of 

sex, vigor may be more related to calf size. There is an effect of birth weight on vigor 

with lambs that weighed more having increased activity and vitality during the neonatal 

period when compared with smaller lambs (Dwyer, 2003). 
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Parity also affects neonatal vigor. A 1997 national survey of spring-calving cow-

calf producers reported that 16.7% of primiparous dams and 2.7% of multiparous dams 

require some level of human assistance at calving (Dargatz et al., 2004). This 

demonstrated that calves born to first parity dams are more likely to require intervention 

from producers. From the time of onset of stage 2 of parturition, producers reported 

waiting an average of 2.8 h and 3.5 h, for primiparous and multiparous dams respectively, 

before providing assistance (Dargatz et al., 2004). If the time of onset of labor is 

unknown, this could lead to fetal stress, resulting in decreased neonatal vigor and health. 

Calves born after a prolonged dystocia have an increased chance of death between 1 and 

120 d of age (Lombard et al., 2007). Larger herds (> 100 cows), tended to receive calving 

assistance from producers sooner than that provided in smaller herds (Dargatz et al., 

2004). This early assistance can be essential in increasing likelihood of calf survival. 

Cows and heifers under infrequent observation are less likely to be assisted in a timely 

manner, resulting in increased calf loss and morbidity. Calves undergoing increased 

stress from prolonged calving, are likely to have decreased vigor. 

 Other studies have reported differences in the level of maternal care provided to 

neonates depending on parity. Multiparous cows and sheep demonstrate increased social 

interactions with neonates after birth through licking of the calf/ lamb than primiparous 

dams (Owens et al.; Lidfors et al., 1994). Primiparous ewes are also likely to leave the 

birthing site sooner than multiparous dams which often causes decreased suckling and 

maternal care of the neonate (Nowak and Poindron, 2006). 

 

 



15 
 

Future Directions 

 Neonatal offspring must be sufficiently vigorous to ingest enough colostrum to 

survive. More research is needed in neonatal calves to establish a set of markers for vigor 

determination that can be applied to the industry in order to increase rates of survival and 

aide in determination of optimal timing of meaningful intervention. Further research is 

needed to understand the variation in colostrum quality to better ensure proper nutrition 

and immunoglobulin transfer is available for the neonate to maintain satisfactory vitality. 

PERINATAL CHANGES 

Much of fetal organ maturation occurs during late gestation, after maximum 

growth has occurred, during which tissues undergo structural and functional changes in 

preparation for the extrauterine environments (Fowden et al., 2006). If offspring are born 

prematurely, the neonate may be poorly prepared for survival. Some organs, such as the 

small intestine, continue to mature during the perinatal period. At birth, fetal-maternal 

blood circulation is terminated, pulmonary respiration commences, and enteral nutrition 

begins. Nutrient availability, maternal behavior, and diet, as well as the birthing 

environment are likely to affect neonatal growth, development, and health. The neonatal 

period is therefore a critical timepoint for survival of livestock.  

The equine and bovine placentation type does not allow for the transfer of 

immunoglobulins to the fetus resulting in neonates being born in an immunologically 

immature state. Satisfactory transfer of passive immunity through colostral 

immunoglobulin is crucial for neonatal survival (Platt, 1973; Herriman et al., 1976). The 

timing at which the foal or calf receives colostrum impacts the uptake of immune 

globulins that are important for the establishment of immunity (Jeffcott, 1974). The 
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ingestion of colostrum also stimulates physiological events leading to neonatal metabolic 

changes (Blum and Hammon, 2000).  While many metabolic changes are suspected to 

result from colostrum ingestion, others could be indicators of organ function and overall 

neonatal health. 

 

PERIPARTUM AND NEONATAL METABOLISM IN GRAZING LIVESTOCK 

Changes in Circulating Metabolites 

Metabolite concentrations change over time occur during the neonatal period as 

the newborn shifts from a reliance on maternal nutrition through blood circulation, to an 

enteric source of nutrition in the form of colostrum and milk. This neonatal time period is 

critical for survival and a better understanding of how metabolites change during this 

period would aid in the assessment of neonatal health from a clinic setting. Because they 

are pre-ruminants, neonatal beef calf metabolism is often more similar to monogastrics, 

such as neonatal foals. As calves age and begin to consume forage, their rumen develops, 

and metabolism more closely resembles that of adult ruminants. The veterinary 

laboratory reference ranges for blood parameters for neonates is well recognized to differ 

from that of adults (Mohri et al., 2007; Friedrichs et al., 2012). This supports the need for 

a neonate specific set of reference ranges in calves (as is the case for other species).  

A set of references ranges for neonatal foals is also required as multiple studies 

have reported variation in “normal” metabolite concentrations for equine species 

dependent upon age (Muñoz et al., 2012). From a clinical standpoint, some neonate 

specific reference ranges are in use that were established from thoroughbred foals in 

recognition of this phenomenon (Bauer et al., 1984); however, limited research has been 
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done to establish reference ranges for other breeds. A study conducted by Aoki et al. 

(2012) reported metabolic changes in neonatal draft foals and their dams from birth until 

4 wk of age with additional samples taken from mares in the 2 wk prior to parturition. 

Researchers have also examined metabolic changes in neonatal donkeys; however, while 

hematological values of donkey are often compared with those of horses (with some 

known differences reported), the relationship of neonatal donkey and horse foals has not 

been as extensively examined (Panzani et al., 2012a; Sgorbini et al., 2013; Veronesi et 

al., 2014). Other studies have aided in the establishment of a set of reference ranges for 

young horses during the first several months of age (Sato et al., 1979; Bauer et al., 1984). 

While these studies indicate that neonates have hematological and metabolic profiles 

different than adult horses that are variable during the first weeks of life, there is still 

little research regarding metabolic changes in relationship to the neonatal time period 

(Kitchen and Rossdale, 1975).   

On the maternal side, hormonal and physiological changes surrounding parturition 

have been well studied; however, little is known about metabolic changes in peripartum 

dams and how these might affect the neonate.  

Circulating Blood Urea Nitrogen  

As a metabolic end product of amino acids, blood urea nitrogen (BUN) 

concentrations are a balance between protein catabolism and renal excretory function 

(Kaneko et al., 2008). Limited research has been conducted on BUN concentrations in 

periparturient ruminants; however, one study in sheep noted decreased BUN 

concentrations in late gestation when compared with non-pregnant controls (Herriman et 

al., 1976).  Another study in peripartum dairy cows observed elevated BUN at calving 
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when compared with 1 wk pre- and postpartum timepoints (Kabu and Civelek, 2012). 

Contrary to those observations for ruminants, no changes in BUN were noted for 

periparturient draft mares (Aoki and Ishii, 2012); however, in another study, late 

gestation Standardbred mares had greater BUN than their non-pregnant controls (Mariella 

et al., 2014). The time of onset of this increase relative to gestation has not been reported. 

This difference in BUN concentration trends between species is likely related to the 

difference in protein metabolism between ruminants and non-ruminants. This contention 

is supported by differing reference ranges in which the BUN concentration for horses is 

generally half that for cattle (Kaneko et al., 2008). 

In neonatal beef calves, BUN concentrations increased during the first 24 h of age 

and remained elevated (Larson, 2016). In dairy calves, a decrease in plasma urea 

occurred during the first day following the calves’ second feeding (Hadorn et al., 1997). 

In the absence of disease, an increase in BUN generally indicates an increased rate of 

protein catabolism (Kaneko et al., 2008). Fetal protein deposition in sheep and cattle 

accounts for 50% of amino acid uptake; amino acids are then extensively catabolized in 

fetuses of appropriately nourished dams (Faichney and White, 1987). This amino acid 

uptake is typically 2 to 3 times greater in the fetus than the dam (Faichney and White, 

1987). This could explain why neonatal calves are born with such elevated concentrations 

of BUN. The increase observed in the first day of life may also be related to the protein 

intake relevant to the consumption of colostrum.   

Neonatal draft foals were born with elevated BUN that then decreased between 1 

d and 1 wk of age whereupon they were more similar to values at the low end of adult 

equine reference ranges (Kaneko et al., 2008; Aoki and Ishii, 2012). While research 
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regarding protein metabolism in neonatal foals is limited, additional research in donkeys 

showed similar results (Sgorbini et al., 2013; Veronesi et al., 2014). The increased 

concentrations at birth are suggested to be from increased fetal catabolism as with 

ruminants (Sgorbini et al., 2013). Therefore, while protein from fetal blood supply is 

broken down, it is likely that BUN remains increased; as the neonate switched to an 

enteric source of protein concentrations then decreased. The BUN concentrations 

reported in neonatal donkeys are greater than those in neonatal draft foals and are above 

the references ranges in use for adult horses (Kaneko et al., 2008). While the trends are 

the same, it may not be ideal to compare protein metabolites of neonatal donkeys and 

foals as they appear to be dissimilar when comparing values. This could also be a result 

of species nutritional management differences. 

Circulating Glucose 

In late gestation animals, glucose concentrations typically increase, likely due to 

increased voluntary feed intake to meet nutritional demands (Bell, 1995) as well as 

diminishing insulin effectiveness (Fowden et al., 1984). In peripartum dairy cow studies, 

glucose peaks at calving and decreases drastically post-calving (Vazquez-Añon et al., 

1994; Doepel et al., 2002). The increase at calving has been attributed to the release of 

glucocorticoids immediately prior to calving (Herdt, 1988). The decreased glucose 

postpartum may be related to the increased glucose requirements for milk production as 

lactation begins. 

Similar to periparturient cows, equine draft species and Standardbred mares had 

increased glucose in the 2 wk period leading up to parturition before gradually decreasing 

by 1 wk postpartum (Aoki and Ishii, 2012; Mariella et al., 2014). Mariella et al. (2014) 
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reported that 1 wk postpartum, circulating glucose was decreased when compared with 

non-pregnant mares which is also similar to the trend in ruminants in which there is 

greater demand for glucose with lactation. 

Glucose patterns in neonatal beef calves and foals are more similar and both rely 

on the timing of colostrum ingestion, due to it being rich in carbohydrates. Because of 

glucose’s role as an energy source, colostrum intake is critical for neonates to ensure the 

vigor needed for survival. Our laboratory has previously reported that glucose 

concentrations increased during the first 48 h of life in neonatal beef calves, as expected, 

likely due to colostrum intake (Larson, 2016). 

 In neonatal draft foals, glucose concentrations at birth were similar to the 

prepartum concentrations of their dams, and then increased dramatically during the first 

day of life and remained elevated above maternal concentrations during at least the first 4 

wk of age (Aoki and Ishii, 2012). Like in neonatal calves this increase is attributed to the 

ingestion of colostrum during the first day of life. This same change in glucose over time 

is reported in donkey foals, however, concentrations were greater than those of horse 

foals which is likely due to species differences (Sgorbini et al., 2013; Veronesi et al., 

2014). 

Circulating Lipid Metabolites 

Non-esterified fatty acid (NEFA) and triglycerides (TG) are related to energy 

metabolism. Increased mobilization of NEFA from adipose tissue indicates a negative 

energy state for growth through the balance between TG synthesis and lipolysis (Bell, 

1995).  
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In peripartum dairy cows, a peak in NEFA was noted within 24 h of calving 

(Vazquez-Añon et al., 1994; Doepel et al., 2002). This sharp increase has been suggested 

to result from a reduction in feed intake at the onset of calving, changes in energy 

requirements, and increased lipolysis (Vazquez-Añon et al., 1994). In peripartum dairy 

cows, transient TG  in the blood increased in the days leading up to calving and 

continued to increase post-calving (Doepel et al., 2002). These changes in circulating 

NEFA and TG in peripartum cows is associated with an increase in fatty acid 

mobilization and promotion of gluconeogenesis in order to support lactation (Herdt, 

1988). 

Concentrations of NEFA were not different in peripartum draft mares over time 

(Aoki and Ishii, 2012). A decrease in circulating TG was noted at time of foaling 

compared with late gestation in draft mares; however no differences were noted in 

Standardbred mares (Aoki and Ishii, 2012; Mariella et al., 2014). Both studies employed 

different postpartum sampling times (ranging from 1 d to 1 wk postpartum), making 

comparisons between the two reports difficult. Decreased circulating TG could be 

attributed to the large amount of energy expended by mares during parturition. 

Neonatal dairy calf NEFA at birth decreased with continued feeding during the 

first wk postnatally (Hadorn et al., 1997). Limited research is available on TG in neonatal 

calves beyond the composition of tissue TG (Garton and Duncan, 1969; Blum and 

Hammon, 2000). 

Neonatal foals were born with high concentrations of NEFA (over 4 times as high 

as maternal concentrations) which decreased during the first day of life and continued to 

gradually decrease during the next several weeks of age (Aoki and Ishii, 2012). Neonatal 
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foals are born with comparatively little adipose tissue and lack significant hepatic fat 

stores necessitating the timely ingestion of colostrum to prevent hypoglycemia (Barsnick 

and Toribio, 2011). In consideration of these facts, NEFA concentration has been used to 

study the effects of induced parturition on foal health with increased NEFA indicating 

decreased health (Panzani et al., 2012b). Currently, there is no published research that 

examined metabolic changes between birth and 1 d of age to better understand how the 

timing of colostrum ingestion alters metabolic status, but it is presumed that NEFA 

concentrations would decrease post-suckling. In neonatal draft foals, TG increased 

between 1 h and 1 wk of age, which could be attributed to colostrum and early milk 

intake (Aoki and Ishii, 2012). 

Circulating Protein Metabolites 

Globulin is a large protein and its concentrations are calculated by subtracting 

measured albumin from measured total protein (Kaneko et al., 2008). In neonates, plasma 

globulin is primarily influenced by changes in IgG concentration which serves an 

important role in passive transfer of immunity to the neonate (Hadorn et al., 1997). 

Albumin is an important carrier protein for maintaining homeostasis and binds to 

multiple molecules including long-chain fatty acids and steroids (Kaneko et al., 2008). 

Creatinine concentrations are often used to indicate renal function and can be a diagnostic 

tool for neonatal morbidity (Pirrone et al., 2014).  

Total protein, albumin, and globulin concentrations increased at time of foaling 

compared with any other time in draft mares (Aoki and Ishii, 2012). Creatinine is a 

product of normal muscle metabolism and is often used to indicate kidney function. 

Creatinine was elevated in late gestation and decreased after foaling in both draft and 
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Standardbred mares (Aoki and Ishii, 2012; Mariella et al., 2014). High creatinine 

concentrations in maternal blood supply may be attributed to the high concentrations 

produced by the fetus (Aoki and Ishii, 2012). 

 In neonatal dairy calves, plasma albumin decreased after the second meal for the 

first 2 d of life with normal access to colostrum before increasing to concentrations 

greater than those at birth by 1 wk of age (Hadorn et al., 1997). In the same study, plasma 

globulin increased during the first 1 d and then decreased up to 1 wk of age (Hadorn et 

al., 1997). Creatinine decreased continually from birth until 1 wk of age (Hadorn et al., 

1997).  

In neonatal draft foals, total protein and globulin concentrations increased and 

albumin decreased during the first several days postnatally (Aoki and Ishii, 2012). The 

increase in protein and globulin is related to colostral IgG intake (Aoki and Ishii, 2012). 

The globulin to albumin ratio is often used to characterize total protein levels (Kaneko et 

al., 2008). Creatinine decreased between birth and 1 wk of age in neonatal draft foals 

which was attributed to increased blood volume and subsequent hemodilution (Aoki and 

Ishii, 2012). 

Circulating Electrolytes 

 Neonatal electrolytes change with hydration status through hemodilution (Becht 

and Semrad, 1985; Aoki and Ishii, 2012; Larson, 2016). Changes in circulating 

electrolytes in peripartum cows have not been extensively studied; however, a study in 

buffalo noted changes in multiple circulating electrolytes between calving and 1 mo pre- 

and postnatally (Hussain et al., 2001). 
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No changes were noted in Ca and Mg concentrations of prepartum draft mares up 

to 4 wk prior to foaling (Aoki and Ishii, 2012). Serum Na and Cl increased while K 

decreased at parturition in mares and serum P decreased 1 d post foaling (Aoki and Ishii, 

2012). These changes in serum Na, Cl, and K are related to concentrations in 

periparturient mammary sections (Ley et al., 1989). This observation may explain why a 

change is noted in circulating metabolites. 

The electrolyte status of neonatal calves has not been well studied, however in a 

study examining neonatal vigor, no difference was noted in electrolyte concentrations 

reported for dystocia-derived calves when compared with calves from normal births 

(Vannucchi et al., 2015). Changes in electrolytes occur as calves age with the exception 

of Ca, and an increase is electrolytes is associated with nutrient-rich colostrum for the 

first few day of age in dairy calves (Ježek et al., 2006). This was contradicted in a later 

study that concluded that electrolytes did not vary based on calf age (Piccione et al., 

2010). Larson et al. (2016) noted changes in K, Na, Cl, and anion gap in beef calves 

during the first 72 h of age with P correlated to time to stand. No changes were noted in 

bicarbonate concentrations (Larson, 2016). 

In neonatal draft foals, Ca decreased between birth and 1 d of age, and then 

increased to concentrations similar to those at birth by 1 wk of age (Aoki and Ishii, 2012). 

Concentrations of Mg increased by 1 d of age and decreased by 1 wk of age, while 

concentrations of K were unchanged (Aoki and Ishii, 2012). Na decreased between birth 

and 1 d of age, while Cl decreased between 1 d and 1 wk of age (Aoki and Ishii, 2012). In 

neonatal donkeys, few changes occurred in electrolyte concentrations except for an 

increase in P between 1 d and 1 wk of age (Sgorbini et al., 2013; Veronesi et al., 2014). 
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Anion gap differences have not been noted in neonatal foals; however, increased anion 

gap has been associated with neonatal and adult death (Bauer et al., 1984; Hoffman et al., 

1992). 

Circulating Metabolic Enzymes  

Creatinine phosphate, required by muscle for storage of phosphate, is formed 

when creatine kinase (CK) catalyzes the phosphorylation of creatinine phosphate by 

adenosine triphosphate (Aoki and Ishii, 2012). Gamma glutamyl transpeptidase (GGT) is 

associated with AA transport and has increased activity in colostrum when compared to 

serum concentrations. An increase in GGT occurs in most neonates following the 

consumption of colostrum (Thompson and Pauli, 1981). Aspartate aminotransferase 

(AST) is an enzyme that is associated with heat stress and skeletal muscle disease when 

elevated (Kaneko et al., 2008). 

In postpartum dairy cows, AST increased and GGT tended to increase in GGT 

(Elitok et al., 2006; Kabu and Civelek, 2012). An increase in activity of AST and GGT 

occurred at foaling followed by a decrease postpartum, while CK increased 1 d post-

foaling in mares (Aoki and Ishii, 2012). In Standardbred mares, the same trend in GGT 

and AST activity was noted at parturition; however, AST activity stayed increased  

during the week post-foaling (Mariella et al., 2014). In clinical settings, CK and AST are 

used as indicators of muscle damage (Clarkson et al., 2006). Increased CK and AST 

activity following parturition in mares could be explained by skeletal muscle injury from 

trauma associated with parturition. Mariella et al. (2014) also noted that AST activity was 

reduced during gestation when compared with nonpregnant mares; therefore, the greater 

concentration post-foaling is likely attributed to returning to pre-pregnancy activity 
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levels. The reason for decreased AST during pregnancy is not well known. Mariella et al. 

(2014) also suggested that elevated GGT, an indicator of hepatobiliary disorders, could 

be implicative for altered liver function that specifically occurs during late gestation. 

Aoki et al. (2012) concluded that elevated GGT is due a physiological load on the liver in 

association with parturition.  

A decrease in GGT was observed during the first 3 d of life in neonatal dairy 

calves (Diesch et al., 2004a). In light of the fact that GGT is present in colostrum, 

colostral ingestion leads to an increase in GGT following initial suckling, and GGT is 

often used as a determinant of passive transfer and successful suckling when calves are 

examined at an older age (Thompson and Pauli, 1981). In beef calves, Larson et al (2016) 

reported rapid increases in CK, AST and GGT activity immediately following suckling 

that decreased after 24 h postnatally. 

In neonatal draft foals, GGT and AST both had increased activities from time of 

birth to 24 h of age, with AST continuing to increase further by 1 wk of age (Aoki and 

Ishii, 2012). These AST trends were comparable to those observed in neonatal donkeys; 

however, AST was lower in neonatal than adult donkeys, whereas equine foal values 

were more similar to the adult reference range (Sgorbini et al., 2013; Veronesi et al., 

2014). The reason for the increase during the first week of age is not understood but may 

be attributed to changes in liver metabolism after birth. A similar increase in GTT at 24 h 

of age was observed in Amiata donkey foals, but no GGT difference was noted in 

Martina Franca donkey foals; however, there was variability between individuals for the 

enzyme in the Martina Franca donkey foals (Sgorbini et al., 2013; Veronesi et al., 2014). 

In neonatal draft foals and Amiata donkey foals, CK activity decreased after the first day 
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of age (Aoki and Ishii, 2012). This was attributed to hemodilution because of its 

relationship with hematocrit (Aoki and Ishii, 2012; Sgorbini et al., 2013). In Martina 

Franca donkey foals, CK was increased following suckling and then decreased after the 

first 12 h of age (Veronesi et al., 2014). This difference between donkey species may be 

due to the extra sampling period done at 12 h of age to show more specifics regarding the 

timing of CK changes. 

Hematological Components 

Very limited research has been reported regarding hematological changes in 

peripartum cows (Quiroz-Rocha et al., 2009). Aoki et al. (2013) reported that most 

hematology components were unchanged in draft mares prior to foaling until 1 wk 

postpartum with the exception of white blood cells (WBC) and neutrophils, which were 

elevated at parturition and then decreased by 1 d postpartum. They also reported that 

lymphocytes decreased in the last wk prior to foaling and then increased between foaling 

and 1 d postpartum (Aoki et al., 2013a). These changes have previously been suggested 

to be due to increased cortisol influence related to parturition (Da Costa et al., 2003), 

specifically progesterone and estrogen; however, recent research indicates that estrus 

hormones do not influence hematological parameters during the postpartum period 

(Bazzano et al., 2014). Red blood cell (RBC) counts, hemoglobin (Hb), hematocrit (Ht), 

mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean 

corpuscular hemoglobin concentration (MCHC) were unchanged in peripartum mares 

(Aoki and Ishii, 2012). Platelets increased from 1 wk prior to parturition and 1 h 

postpartum and again from 1 d to 1 wk postpartum in mares (Aoki and Ishii, 2012). This 

may be an inflammatory response from delivery of the foal. 
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In dairy calves, a decrease occurred in Ht and MCV during the first 24 h 

postnatally, as well as a decrease in leukocytes and neutrophils after 48 h of age, and no 

significant change over time in RBC, Hb, MCH or MCHC occurred (Novo et al., 2015). 

Calves were also noted to have elevated Hb at birth which has been attributed to the 

decreased oxygen concentrations in the uterine environment (Novo et al., 2015). 

In draft foals, the neutrophil and leukocyte counts were greatest during the first 

wk of age (Aoki et al., 2013a). In draft foals, there were either increasing or decreasing 

trends in all other hematological parameters during the first week of age, with many of 

these falling outside of the ranges for the dams (Aoki and Ishii, 2012). Further research 

has been conducted with donkey foals, where blood samples were obtained after 

suckling, and again at 12 h of age and daily until 1 wk of age (Sgorbini et al., 2013; 

Veronesi et al., 2014). While these studies show more in depth metabolic and 

hematological changes over time in neonatal foals, there are often discrepancies when 

comparing adult donkey and horse hematological profiles. Donkeys typically have larger 

and fewer erythrocytes and greater MCV values (Aoki et al., 2013a).  

When comparing neonates and dams in the same study, neonatal foals had fewer 

leukocytes, neutrophils, lymphocytes, MCV and MCH during the first week of age. From 

birth to 1 wk of age, RBC, Hb, Ht (all greater than maternal concentrations), and MCV 

gradually decreased in foals, while MCH remained unchanged (Aoki and Ishii, 2012). 

Blood MCHC increased from 1 d of age to 1 wk (less than dams until 1 wk of age) and 

platelets gradually decreased during the first wk of age in foals (Aoki and Ishii, 2012). 

Between 1 d and 1 wk of age, WBC, neutrophils and lymphocytes increased (Aoki and 

Ishii, 2012). 
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Colostrum Quality 

 Colostrum is the primary source of energy and IgG for newborns. Timely access 

is important for continued neonatal vigor and favorable metabolic status. Calves 

receiving colostrum later than 24 h of age had relatively decreased glucose, albumin, and 

insulin, increased urea, as well as decreased globulin absorption, indicating a suppressed 

immune and metabolic status (Hadorn et al., 1997). In litter-bearing species, the amount 

of colostrum is dependent upon litter size; however, in singleton bearing species such as 

cattle and horses, colostrum quality and quantity is highly dependent on the nutritional 

status of the dam. In sheep, twin-bearing ewes generally produce more colostrum than 

singleton bearing ewes and less quantity is available on a per lamb basis (Alexander and 

Davies, 1959). In both ruminant and equine species, the ingestion of good quality 

colostrum is of the utmost importance to the neonate for transfer of immunoglobulins and 

for continued vigor. If colostrum quantities are low, neonates may not obtain enough 

energy to continue seeking the udder and have an increased rate of mortality. After initial 

nursing, the colostrum begins to be replaced by milk production which continues to serve 

as a source of nutrition. 

Future Directions 

Based on the changes noted between late gestation and up to 1 wk postpartum in 

other studies, it is evident that changes may occur immediately after parturition; however, 

the early hours during the first d of life are not well studied. Further research on the 

timing of metabolic and hematological changes in neonates and peripartum dams is 

warranted to better understand factors affecting them. Metabolic changes may be affected 
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by breed, dam parity, efficiency of parturition, birthing environment, maternal nutrition, 

and health as well as neonatal size with more research needed to examine these. 

 

SUMMARY AND CONCLUSIONS 

In conclusion, there are many factors that impact the survival of neonates and 

their dams. Early intervention in cases of reduced neonatal vigor can reduce neonatal 

morbidity and mortality. This intervention requires detection of parturition for timely 

assessment of neonatal vigor. Advancements in calving detection could aid producers in 

ensuring the immediate health of new calves at an appropriate time. Establishment of 

neonate specific metabolic baselines during the first 72 h postnatally could be beneficial 

in increasing calf and foal survivability in a clinical setting and indicate the importance of 

timing in a research setting. While these baselines have been examined in beef calves and 

in some breeds of horses, future research is needed to determine how maternal nutrition, 

environment and parity may impact these baselines.  
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CHAPTER 2 

PARITY AFFECTS PERINATAL NUTRIENT AVAILABILITY IN BEEF 

CATTLE 

 

ABSTRACT 

Multiparous and primiparous spring-calving Sim-Angus cows (n = 80) were 

monitored during calving to determine effects of parity on perinatal nutrient availability 

in beef cattle. Time to calve was recorded and neonatal vigor assessed (n = 23 and 28, 

respectively). Jugular blood was collected from calves at 0 (post-standing and pre-

suckling) and 48 h of age (n = 36 and 25, respectively). A smaller subset (n = 28; 12 

primiparous, 16 multiparous) was used for additional blood sampling at 6, 12, 24, and 72 

h of age, and blood chemistry panels were completed for all serum samples. Expelled 

placentas were dissected for cotyledon number and weighed. Colostrum samples and 

blood were collected from a subset of dams at 6 h postpartum. Pre- and post-calving 

maternal serum and plasma was analyzed for glucose, blood urea nitrogen (BUN), and 

non-esterified fatty acids (NEFA). Multiparous cows had calves with greater (P ≤ 0.04) 

birth weight and abdominal girth. Multiparous cows tended to have placentas with greater 

(P = 0.08) total placental and intercotyledonary weight. Calf serum creatinine were 

greater (P ≤ 0.05) at 0 h in calves from multiparous dams than calves from primiparous 

dams. At 48 h, plasma insulin was greater (P ≤ 0.05) and glucose tended to be greater (P 

= 0.06) in calves from multiparous dams. For circulating calf metabolites over time, there 

was an interaction of parity and hour (P ≤ 0.05) for NEFA, triglyceride, BUN, creatinine, 

albumin, and insulin. There was no effect of parity (P ≥ 0.15), but an effect of hour (P ≤ 
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0.001) for calf globulin, total protein, and cortisol. Maternal metabolites did not differ (P 

≥ 0.30) at 6 h postpartum, but maternal BUN was greater (P = 0.05) in multiparous dams 

pre-calving. Colostrum from primiparous dams had greater (P = 0.001) protein and 

tended to have less (P = 0.09) lactose compared with colostrum from multiparous dams. 

These data indicate that parity may affect the nutrient availability to neonatal calves 

through placental size and colostrum quality, as evidenced by differences in circulating 

metabolites of neonatal beef calves during the first 72 h of life. 

 

INTRODUCTION 

 For cow-calf producers, calf survival is important for economic success. A 2015 

survey reported that pre-weaning beef calf loss was 5.5%, over half of which were born 

alive (USDA-APHIS, 2015). One-third of this loss occurs within 24 h of age, and another 

third die within 24 h to 3 wk postnatally (USDA-APHIS, 2010). Beef calves born to 

primiparous dams have a greater pre-weaning mortality rate (Mõtus et al., 2017). During 

the neonatal period, beef calves born to first parity dams are almost twice as likely to die 

(7% vs. 4% calf mortality) within 24 h of birth (Nix et al., 1998).  

While the effect of parity on dystocia rates has been well studied (Nix et al., 1998; 

Zaborski et al., 2009), limited research has investigated other effects of parity on beef 

calf morbidity and mortality. Parity has also been shown to affect placental morphology, 

fetal growth, vigor at birth, and colostrum immunoglobulin availability in beef, sheep, 

and dairy cattle (Bellows et al., 1982; Dwyer et al., 2005; Kehoe et al., 2011). These 

factors relate to availability of nutrients for neonatal health and growth indicating that 
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parity may affect perinatal nutrient availability; however, this has not been well studied in 

beef cattle. 

 Nutrient availability of calves pre- and postnatally may impact calf survivability 

and can be assessed through circulating metabolites. Our lab has previously reported that 

neonatal beef calf metabolic status changes over time during the first 72 h of life (Larson, 

2016; Meyer et al., 2017). Additionally, calf metabolites at 48 h of age have been shown 

to be affected by maternal nutrition during late gestation (Niederecker, 2015). Limited 

research has been done to determine the effect of parity in neonatal metabolism. 

Therefore, the objective of this study was to determine the effect of dam parity on 

perinatal nutrient availability through assessing neonatal beef calf birth weight and size, 

placental characteristics, metabolic status during the first 72 h of age, dam energy and 

protein metabolites, and colostrum quality.  

 

MATERIALS AND METHODS 

 The University of Missouri Animal Care and Use Committee approved animal 

care and use in this study. 

Pregnant Dam Management and Data Collection 

 Multiparous and primiparous spring-calving Sim-Angus cows (n = 21 

primiparous [initial BW = 549 ± 41 [SD throughout] kg, initial BCS = 5.0 ± 0.4, initial 

age = 1 ± 0 yr]; n = 59 multiparous [initial BW = 672 ± 75 kg, initial BCS = 5.2 ± 0.6, 

initial age = 4.4 ± 2.6 yr]) were monitored during calving at the University of Missouri 

Beef Research and Teaching Farm. In the spring prior to study initiation, cows and 

heifers were bred to the same sire using a fixed-time AI 7-d CoSynch + CIDR estrus 
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synchronization protocol. Dams were housed and nutritionally managed similarly in 

gestational management groups (parity 1 and 2 vs. parity ≥ 3) on pasture prior to study 

initiation. After initial 1-d BW and BCS had been recorded (6.7 ± 3.0 d prior to calving), 

dams were allocated by gestational management group into 6 uncovered 18 x 61 m dry 

lots that were well-drained and limestone based (Figure 2.1). Dams remained housed in 

dry lots until ≥ 72 h postpartum and were under observation for 18 d after study 

initiation. 

Summer-baled, endophyte-infected tall fescue-based grass hay (86.8% DM, 6.7% 

CP, 63.9% NDF, 34.9% ADF, 10.4% ash) was fed in round bale ring feeders equipped 

with cone-shaped chains on a 9.1 x 9.1 m concrete pad in the center of each pen to 

minimize waste and mud accumulation. Dams had free access to automatic watering 

systems and a mineral and vitamin supplement (MLS #12 MINERA-LIX, Midcontinent 

Livestock Supplements, Inc., Moberly, MO). Distiller’s dried grains with solubles (90% 

DM, 36.7% CP, 39.1% NDF, 19.7% ADF, 5.6% ash) were fed at a rate of 1.0 kg DM · 

animal-1 · d-1 at 1700 h daily.  

Calving Monitoring and Data Collection 

 Trained personnel were present through the observation period for data and 

sample collection. Physical signs of labor were monitored by personnel walking through 

the pens at least once per hour from 600 to 2000 h during the day with additional checks 

at night occurring during periods of heavy calving. Stadium lights were located at the 

back of each pen to allow for visualization of animals at night and a handheld spotlight 

was used to visualize animals from several feet away when necessary. Once stage 2 of 
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parturition was evident (appearance of amniotic membranes or calf feet), continuous 

monitoring of that individual animal began to allow for recording time of birth. 

 To quantify calf vigor, time of birth (time at which entire calf, including all 4 legs, 

was expelled) and time of initial standing (time at which calf was standing on all 4 legs 

for at least 5 consecutive seconds) were recorded to determine each calf’s time to stand 

by subtracting the 2 times (Dwyer, 2003). A vigor score scale was modified from 

previous neonatal lamb studies (Matheson et al., 2011) to assess calf vigor at 10 min of 

age (Table 2.1). 

 Jugular blood was collected from all possible calves at 0 (post-standing and pre-

suckling) and 48 h of age. Calf blood samples were obtained from a smaller subset of 28 

calves (n = 12 primiparous dams, BW = 544 ± 49 kg, BCS 5.01 ± 0.5, gestation length = 

277 ± 2.2 d; n = 16 multiparous dams, age = 4.6 ± 3.0 yr, BW = 660 ± 64 kg, BCS = 5.2 

± 0.6, gestation length = 275 ± 3.1 d). Jugular blood samples were obtained from calves 

at 0, 6, 12, 24, 48, and 72 h postnatally (± 30 min for 0, 6, 12 and 24 h; ± 1 h for 48 and 

72 h). Blood samples collected at 0 h were obtained prior to suckling but after standing. 

At each sampling time, blood samples were collected into 3 collection tubes (2 

Vacutainer® serum collection tubes containing no additives [10 mL draw, Becton 

Dickinson, Franklin Lakes, NJ] and 1 Monoject® plasma collection tube containing 0.10 

mL of 15% K3 EDTA [10 mL draw; Covidien, Mansfield, MA]. Plasma tubes were 

inverted as directed and placed on ice immediately after collection, and serum tubes were 

allowed to clot prior to placing on ice. Samples were centrifuged within 8 h of collection 

at 1,500 x g at 4°C for 30 min. Serum or plasma was then pipetted into 2 mL 

microcentrifuge tubes and stored at -20°C until analysis. Two milliliters of calf serum 
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was transported to the University of Missouri Veterinary Medical Diagnostic Laboratory 

for a complete chemistry profile analysis on day of collection or within 48 h of sampling 

when collected after hours on evenings or weekends. Serum glucose, blood urea nitrogen 

(BUN), creatinine, albumin, total protein, and globulin were determined using a Beckman 

Coulter AU 400e Chemistry Analyzer (Beckman Coulter Inc., Brea, CA).  

 Calf birth weight was measured using a hanging scale (range: 0 – 100 kg) and calf 

sling placed under the calf abdomen and lifted until all 4 feet were off the ground. Calf 

body size was determined with a flexible measuring tape to obtain additional data about 

calf shape. Shoulder to rump length was measured from neck-shoulder junction (between 

front of shoulder blades) to the end of the tailhead, along the spine. Heart girth was 

measured as the body circumference immediately posterior to the shoulders and front 

legs, perpendicular to the spine. Abdominal girth was measured by placing the tape 

measure around the abdomen over the umbilicus, perpendicular to the spine. Cannon 

bone circumference was measured at the smallest circumference of a rear cannon bone. 

At this time, each calf was also given visual identification (ear tags), and its umbilicus 

was sprayed with dilute chlorhexidine (1:40 dilution). The ponderal index (PI) is a 

measurement often used in human neonatal size assessment to account for both weight 

and length. Ponderal index was calculated using the equation PI = birth weight (kg) / 

shoulder to rump length (m)3.  

 Dams were monitored closely postpartum for placenta expulsion. Expelled 

placentas were collected, rinsed of debris, and refrigerated at 4°C until dissection. At time 

of dissection (within 72 h of expulsion), cotyledons were cut away from the 

intercotyledonary tissue. Cotyledons were counted, and total cotyledonary and 
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intercotyledonary tissues were weighed independently. Average cotyledonary weight was 

calculated by dividing the total cotyledonary tissue weight by the number of cotyledons 

counted. Umbilical vessel diameter was measured just proximal to the first branching 

after the site of umbilical tearing. After dissection, tissues were frozen at -20°C until 

completion of the study. At that time, tissues were then thawed and dried at 100°C to 

determine dry weights. Dry weights are reported to remove variation due to water added 

at rinsing or differences due to time of dissection.  

Maternal Blood Sampling and Colostrum Collection and Analysis 

Jugular venous blood samples were obtained from dams at initiation of study (d 

268 of gestation) into 4 blood collection tubes (2 Vacutainer® serum collection tubes 

containing no additives [10 mL draw, Becton Dickinson, Franklin Lakes, NJ], 1 

Monoject® plasma collection tube containing 0.10 mL of 15% K3 EDTA [10 mL draw; 

Covidien, Mansfield, MA], and 1 Vacutainer® plasma collection tube containing 15 mg 

of sodium fluoride and 12 mg of potassium oxalate [6 mL draw, Becton Dickinson, 

Franklin Lakes, NJ] for glucose determination). Dam plasma and serum were processed 

as previously described for calf samples and frozen at -20°C until further analysis. 

 At 6 h post-calving (6.8 ± 0.6 h; range: 3.9 to 7.8 h), dams were walked to a chute 

located near calving pens for colostrum and blood sample collection. Colostrum was 

hand-milked from the fullest rear quarter. Calves had been allowed to suckle normally 

prior to this, so full yield was not recorded to reduce the impact of colostrum availability 

on normal calf consumption. At least 50 mL of colostrum was collected, and colostrum 

was subsampled into two 50-mL tubes and each tube was stored at -20° C. 
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 Colostrum was thawed at 4°C and aliquoted into 2-mL subsamples for further 

analysis. At time of thawing, colostral protein was measured using a commercially 

available Coomassie (Bradford) protein assay kit (ThermoScientific, Pierce 

Biotechnology, Rockford IL). Samples were read in duplicate in 96-well polystrene 

plates (Corning Inc., Corning, NY) on a microplate reader (Bioteck SynergyTM HT, 

Bioteck® Instruments Inc., Winooski, VT) at 595 nm. The intraassay and interassay CV 

were 3.1% and 9.5%, respectively. 

A sub-sample of colostrum was rethawed for determination of milk urea nitrogen 

(MUN) using modified methods of a commercially available QuantiChrom™ urea 

colorimetric assay kit (DIUR-100; BioAssay Systems, Hayward, CA). Samples were read 

in duplicate in a 96-well plate as described above at 520 nm on one plate. The intraassay 

CV was 3.3% 

Colostral lactose was measured using modified methods of a commercially 

available EnzyChrom™ lactose colorimetric assay kit (ELAC-100; BioAssay Systems, 

Hayward, CA) with rethawed colostrum samples. Samples were read in duplicate in 96-

well plates as described above at 570 nm. The intraassay and interassay CV were 3.7% 

and 4.2%, respectively. 

Circulating Metabolite and Hormone Analysis 

 For dams that calved during the monitoring period, serum samples collected 

prepartum at study initiation and 6 h postpartum were analyzed for BUN using a 

commercially available urea nitrogen kit (Urea Nitrogen Procedure Number 0580; 

Stanbio Laboratory, Boerne, TX) based on the diacetylmonoxime method. Samples were 
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read in duplicate in 96-well plates as described above at 520 nm. The intraassay and 

interassay CV were 2.1% and 5.4%, respectively. 

 Plasma glucose concentration was determined in dam samples (collected in 

treated tubes described above) using the InfinityTM glucose hexokinase commercially 

available kit (Fisher Diagnostics, Middletown, VA) based on the glucose-6-phospate 

dehydrogenase method. Samples were read in duplicate in 96-well plates as described 

above at 340 nm. The intraassay and interassay CV were 3.7% and 5.8%, respectively.  

Serum concentrations of NEFA from dams, as well calves at all sampling points, 

were measured using a modified procedure of the NEFA C kit (Wako Pure Chemical 

Industries, Ltd, Osaka, 37 Japan), using the acyl-CoA synthetase-acyl-CoA oxidase 

method. Samples were read in duplicate in 96-well plates as described above at 550 nm. 

The intraassay and interassay CV were 4.9% and 7.6%, respectively with dam and calf 

samples combined within plates. 

Calf plasma triglyceride (TG) were analyzed in duplicate using a Gallery 

chemical analyzer (Thermo Scientific, Middletown, VA) and the Infinity Triglyceride 

assay reagent (Thermo Scientific). Within day and among day CVs averaged 1.06% and 

5.22%, respectively.  

Calf plasma cortisol was analyzed using a commercial coated-tube RIA kit (MP 

Biomedicals, Irvine, CA) in duplicate as described previously (Foote et al., 2016). The 

intra- and interassay CV were 3.64 and 4.07%, respectively. 

Calf plasma insulin was analyzed by RIA in duplicate using a commercial kit 

(Human Insulin Specific RIA, EMD Millipore Corp., Billerica, MA). Manufacturer 

recommendations were followed with the exception of using bovine insulin (Sigma, St. 
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Louis. MO) for the standards (linear range 0.156 to 4.00 ng/tube) and using 150 µL of 

plasma and 50 µL of buffer. Prior to analyzing the samples, linearity and parallelism 

were verified in 4 dilutions of a pooled bovine plasma sample that resulted in 

concentrations ranging from 0.159 to 1.72 ng/mL. Sensitivity of the RIA (90% of the 

zero standard binding) was 18 pg/tube. The inter- and intra-assay CV were 1.84% and 

2.01%, respectively. 

Statistical Analysis 

 Dams that failed to calve during the observational period, or were aggressive 

towards personnel, were not included in sampling and data collection. One dystocia 

occurred in a primiparous dam; however, neither the calf or dam were an outlier for any 

parameters and were included in all possible analyses with the exception of vigor. This 

resulted in 54 dams and their calves (n = 18 primiparous, BW = 552 ± 43 [SD 

throughout] kg, BCS = 5.0 ± 0.4, gestation length = 276.1 ± 3.2; n = 36 multiparous, BW 

= 663 ± 69, BCS = 5.2 ± 0.6, gestation length = 275.4 ± 3.2, parity = 3.3 ± 4.3) to be 

included in analysis (Table 2.2). All calves from these dams were used for size analysis. 

Vigor was assessed for calves based on ability for personnel to visualize calf from time of 

delivery to time to initial standing. Placentas were collected from dams post-expulsion 

assuming no evidence of chewing or trauma has occurred. Placentas that appeared to be 

incomplete during dissection were not included in the final analysis. Pre-calving 

metabolites were only included for dams with calves included in the dataset for other 

measures. All colostrum collected and 6 h dam metabolites were included in analysis.  

 Data were analyzed using the MIXED procedure of SAS 9.4 (SAS Institute Inc., 

Cary, NC) with animal as the experimental unit. Dam parity was included as a fixed 
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effect for all measures. For calf size, vigor, and placental characteristics, sex was 

included in the model when P ≤ 0.25. For calf metabolite changes over time, effects of 

parity, hour, and their interaction were included as fixed effects in the model. Sampling 

hour was considered a repeated measure using the best-fit covariance structure (chosen 

from compound symmetry, heterogeneous compound symmetry, autoregressive, and 

heterogeneous autoregressive). In the absence of an interaction of hour and parity (P > 

0.05), significant main effects are reported for calf metabolites over time.   

 

RESULTS AND DISCUSSION 

Dam BW, BCS, and Prepartum Metabolites 

 Dam size and prepartum metabolites are described in Table 2.3. There was an 

effect of parity (P < 0.001) on dam prepartum BW, where  multiparous dams had greater 

BW than primiparous dams. Despite this, there was no effect of parity (P = 0.18) on dam 

BCS. Serum BUN was greater (P = 0.05) in multiparous dams than primiparous dams 

prior to calving (Table 2.3). Given that dams were treated similarly in late gestation, this 

difference in BUN is not likely related to diet but the reason for this trend is unknown. 

There was no effect of parity (P ≥ 0.30) on plasma glucose or serum NEFA. Circulating 

NEFA increases during late gestation in most species as a result of increased fat 

mobilization during late gestation (Pethick et al., 1983; Wood et al., 2013). This change 

had previously been reported to occur independently of energy status (Petterson et al., 

1994); however, in periparturient dairy dams, primiparous dams had decreased body 

condition score and greater concentrations of NEFA than multiparous dams (Meikle et 
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al., 2004). This suggests that differences observed in NEFA as an effect of parity may be 

more related to nutritional status of the dam.  

Placental Characteristics 

 Total placental weight tended to be greater (P = 0.08) in multiparous dams than 

primiparous dams (Table 2.4). This was driven by the intercotyledonary tissue mass 

which tended to be greater (P = 0.08) in multiparous dams. This was also in agreement 

with sheep data in which placentas had greater weight from multiparous dams; however, 

tissue types were not divided for individual weights (Dwyer et al., 2005). Given that 

greater average cotyledonary weight was reported in multiparous ovine placentas from 

the study, the cotyledonary mass may have driven differences in placental weight in that 

species. There was an approaching tendency for greater (P = 0.12) total cotyledonary 

mass in placentas from multiparous dams, but there was no effect of parity (P ≥ 0.24) on 

number or average cotyledonary weight. This suggests that the placenta may not 

necessarily have an increased vascular area providing nutrients to the fetus at the 

cotyledons, but that the tissue between cotyledons allowed for a larger vascular network 

and increased blood flow to compensate for the larger calves born to multiparous 

females. Contradicting this theory, the intercotyldonary:cotyledonary mass ratio was also 

not different (P  = 0.52) between parities. This suggests that the cotyledonary mass likely 

increased in placentas from multiparous dams as well, but not to an extent detectable with 

the number of animals on this study.  

Average umbilical vessel diameter was not affected (P = 0.54) by parity. While 

this measure may offer an insight into the potential for blood transporting nutrients to the 
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fetus, Doppler imagery during late gestation is likely a better indicator of fetal blood 

supply (Panarace et al., 2006). 

 Length of postpartum placental retention was not recorded in this study. This has 

been previously shown to be affected by parity in dairy cows, with second parity dairy 

dams less likely to retain placentas than first parity dams (Tudor, 1972). This greater 

retention rate in primiparous dams may have negative consequences on milk production 

and return to estrus (van Werven et al., 1992).  

Calf Size and Vigor 

 There was no effect of parity (P = 0.46) on dam gestation length (Table 2.5). 

Calves born to multiparous dams had 11% greater (P = 0.04) birth weight than calves 

born to primiparous dams (Table 2.5), despite having the same sire. This is similar to 

previous data in dairy and beef calves in which calves born to multiparous dams had an 

increase in birth weight (7 to 8% in dairy calves and 10.5 % in beef calves) compared 

with calves born to first parity dams as a result of increased fetal growth (Bellows et al., 

1982; Kertz et al., 1997). Other beef calf studies have also reported calf size increased in 

relationship to parity from comparing first through third parity (Holland and Odde, 1992). 

Because there was no effect of parity on gestation length, the difference in birth weight 

between parities is likely due to fetal growth rather than fetal age. The increased birth 

weight could also be attributed to greater dam BW as multiparous dams in this study had 

greater BW and heavier calves. 

Abdominal girth was greater (P = 0.006) for calves born to multiparous dams. 

There was a numerical difference (P = 0.14) for longer shoulder to rump length in 

multiparous dams that we hypothesize would have approached a tendency if additional 
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primiparous dams had been included in the study. There was no effect of parity (P ≥ 

0.14) on heart girth or cannon circumference. This contradicts previous beef calf data in 

which calves had smaller cannon circumference when born to first parity dams than 

multiparous dams (Parish et al., 2009). To our knowledge, previous research measuring 

calf abdominal girth has not been published. The larger abdominal girth may be driving 

the difference in birth weight as opposed to heart girth, with calves born to multiparous 

dams having greater muscle and organ mass. The numerical difference for shoulder-to-

rump length indicates that calves born to multiparous dams are greater in length than 

calves born to primiparous dams which may have also contributed to the difference in 

birth weight.  

To further evaluate the relative shape of the calf, we calculated PI which is 

commonly used in human neonates as it can be used as a prediction tool for neonatal 

problems similarly to the more traditional use of birthweight (Walther and Ramaekers, 

1982). Neonatal lamb studies have also employed PI (Lipsett et al., 2006); however, to 

our knowledge this measure has not been frequently used in dairy or beef calves. There 

was no effect of parity (P = 0.62) on PI in this study. In dairy cows, ≥ 4 parity dams gave 

birth to lower birth weight calves that subsequently had lower PI (Swali and Wathes, 

2006). Because parity similarly affected birth weight in the present study, it is surprising 

that there was no difference for PI. 

 In this study, there was no difference (P = 0.70) in time to stand for calves born to 

primiparous and multiparous beef dams (Table 2.3; Figure 2.2). This contradicts dairy 

calf research in which calves born to multiparous dams stood sooner than calves from 

primiparous dams (Edwards, 1982). The time to stand was also directly correlated to 
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duration of parturition which was not recorded in our study (Edwards, 1982). For vigor 

score, there was also no effect of parity (P = 0.91); however, there tended to be an effect 

of sex (P = 0.09) with male calves having lower vigor scores. In other studies, differences 

in vigor have been observed relative to dam parity. In most species, neonates born to first 

parity dams have reduced vigor (Dwyer, 2003; Dwyer et al., 2005). In dairy calf research, 

reduced vigor has been reported in calves from assisted deliveries (Barrier et al., 2012). 

The lack of parity difference in our study is likely driven by the low rate of dystocia in 

our primiparous dams from breeding to a calving-ease sire. Based on this, we hypothesize 

that there is still potential for an effect of parity on neonatal vigor. Another component 

that would be beneficial to include in future studies would be duration of labor (measured 

by recording time of presence of ammonic membranes and/or feet) given that first parity 

dams have a greater rate of dystocia and prolonged labor, both of which have been 

described to reduce neonatal vigor (Murray and Leslie, 2013). 

Postpartum Maternal Metabolites and Colostrum 

Maternal metabolites. For the subset of dams from which colostrum was sampled 

at 6 h postpartum, there was no difference (P ≥ 0.89) in plasma glucose, serum BUN, or 

serum NEFA between multiparous and primiparous dams (Table 2.3). This contradicts 

studies in dairy cattle where primiparous dams had greater concentrations of glucose and 

NEFA at parturition than multiparous dams (Kume et al., 2003). In the present study, 

dams were fed the same hay and supplement which likely resulted in the lack of 

difference in circulating metabolites.  

Colostrum composition. There was greater (P = 0.001)  protein and tended to be 

less (P = 0.09) lactose in colostrum from primiparous dams (Table 2.7). There was no 
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difference (P = 0.39) in colostrum MUN between parities. Limited research has been 

done regarding parity effect on quality of beef dam colostrum. Dairy-based studies are 

conflicting with one study reporting no effect of parity on protein, and another reporting 

decreased protein in colostrum from primiparous dams when compared to multiparous 

dams (Kume et al., 2003; Zarcula et al., 2010). The same study also observed no 

difference between colostrum lactose in first, second, and third parity dam colostrum, but 

greater lactose in first parity dams when compared to ≥ 4 parity (Kume et al., 2003; 

Zarcula et al., 2010).  

Milk urea nitrogen easily diffuses across cellular membranes and can be used as 

an alternative to protein analysis in plasma serum, although its relationship to parity is 

not well studied (Oltner and Wiktorsson, 1983; Eicher et al., 1999). Colostrum 

comparisons in dairy herds to create linear regression models for diagnosing feeding 

disorders have previously observed effects of parity on milk protein and MUN (Eicher et 

al., 1999); however, their relationship to parity has not been well studied in beef cattle to 

our knowledge. Conflicting dairy research reported increasing parity was associated with 

both a decrease (Wolfschoon-Pombo et al., 1981; Ng-Kwai-Hang et al., 1985) and 

increase (Oltner et al., 1985; DePeters and Cant, 1992) in MUN. These conflicts may be 

due to management of animals or the number of animals in each study. 

In previous research, the increased morbidity of calves born to primiparous dams 

has been attributed to a reduced volume of colostrum in first-calf heifers (Funston et al., 

2010). Larger calves have been reported to consume larger volumes of colostrum during 

the first 24 h of age (Vasseur et al., 2009). Because calves born to primiparous dams had 

decreased birth weight, these calves may consume less colostrum due to a more limited 
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yield being produced by their dams. We hypothesize that the greater protein 

concentration in colostrum from primiparous dams in this study may represent a greater 

nutrient concentration in a lower colostrum yield. Future research measuring yield would 

be beneficial in further determining effects of parity on colostrum quality and quantity. 

Calf Metabolites and Hormones From 0 to 72 h of Age 

Energy-related metabolites. Energy-related metabolites are presented in Figure 

2.3. There was an interaction (P ≤ 0.05) of parity and hour for serum glucose, serum 

NEFA, and plasma TG. Glucose was greater (P = 0.04) in calves from primiparous dams 

at 0 h of age. Serum glucose tended to be greater (P = 0.07) in calves from multiparous 

dams at 6 h and was greater (P ≤ 0.05) in these calves at 12, 24, 48 and 72 h of age. In 

calves born to primiparous dams, plasma glucose decreased (P = 0.003) from 0 to 6 h 

postnatally and then increased (P ≥ 0.04) from 6 to 24 h before remaining similar (P ≥ 

0.76) for the remainder of the sampling period. In calves from multiparous dams, there 

was no change (P = 0.21) in circulating glucose concentration from 0 to 6 h of age; 

however, concentrations increased (P < 0.001) from 6 to 24 h similarly to calves from 

primiparous dams. Glucose increased (P = 0.04) again in these calves from 48 to 72 h. 

The glucose changes over time in calves born to multiparous dams are consistent with 

previous studies from our lab and others (Hadorn et al., 1997; Blum and Hammon, 2000; 

Larson, 2016). The elevated glucose at birth in calves from primiparous dams is not well 

understood; however, previous studies in beef cattle have reported that dystocia-affected 

first parity dams develop greater glucose concentrations compared first parity dams with 

unassisted calving (Civelek et al., 2008). Given that primiparous dams often undergo 

more difficult labor than multiparous dams, increased maternal glucose could contribute 
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to increased fetal glucose during labor that can be measured pre-suckling; however, there 

was no difference in maternal glucose concentrations postpartum in the present study 

which is likely because sampling occurred at 6 h postpartum.  

Serum NEFA were greater (P ≤ 0.02) at 6, 12, and 24 h of age in calves born to 

primiparous dams than multiparous dams (Figure 2.3). Serum NEFA increased (P = 

0.001) in calves born to primiparous dams from 0 to 6 h of age, decreased (P ≤ 0.04) 

between 12 and 48 h, and then remained similar (P = 0.78) between 48 and 72 h. In 

calves from multiparous dams, NEFA concentrations were unchanged (P = 0.88) from 0 

to 12 h and decreased (P < 0.001) between 6 and 24 h of age, before remaining similar (P 

≥ 61) until 72 h. Similarly to calves born to primiparous dams, previous research from 

our lab using both primiparous and multiparous fall-calving dams reported an increase in 

NEFA from 0 to 6 h (Larson, 2016). Effects of calving season on calf mortality and 

morbidity have been well established for beef calves (Bagley et al., 1987). Calving 

season may affect circulating metabolites in neonatal calves as well, either because of 

dam nutrition, or environmental stress resulting in the mobilization of fat as an energy 

source. 

At 6 h of age, serum TG was greater (P < 0.001) in calves born to primiparous 

than multiparous dams and tended to be greater (P = 0.07) at 12 h. In calves from 

primiparous dams, plasma TG increased (P < 0.001) from 0 to 6 h of age, with 0 h being 

lower (P ≤ 0.02) than all other sampling times (Figure 2.3). Plasma TG then decreased (P 

= 0.002) between 6 and 12 h and increased (P = 0.02) again from 24 to 48 h of age. A 

similar trend was observed in TG concentrations in calves from multiparous dams after 

12 h; however, 6 h was not different (P ≥ 0.17) from 0 or 12 h of age. Concentrations of 
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TG have been reported to be greater in calves with delayed initial colostrum 

consumption. We did not report time to suckle, but if calves born to primiparous dams 

took longer to suckle, this may explain the greater TG concentration at 6 h of age (Blum 

and Hammon, 2000). 

Protein related metabolites. Protein-related metabolites are presented in Figure 

2.4. There was an interaction (P = 0.03) of parity x hour for serum BUN, where calves 

born to primiparous dams had greater (P ≤ 0.04) concentrations of serum BUN at 12 and 

24 h of age. Concentrations of BUN increased (P ≤ 0.03) between 0 and 24 h of age and 

decreased (P ≤ .03) between 24 and 72 h of age in calves born to primiparous dams. In 

calves born to multiparous dams, BUN concentration also increased (P = 0.03) similarly 

from 0 to 6 h of age and remained unchanged (P ≥ 0.24) from 6 to 72 h of age. The 

increase in BUN during the first 6 h is likely related to colostrum consumption and has 

previously been reported to occur sometime during the first 72 h in both dairy and beef 

calves (Larson, 2016; Sedhiya et al., 2018). This study suggests narrows the time frame 

for when this increase in BUN occurs, especially in calves born to multiparous dams.  

There was also an interaction (P = 0.01) of parity and hour for serum creatinine, 

where creatinine concentration was greater (P ≤ 0.03) in calves born to primiparous dams 

at 12 and 24 h than those born to multiparous dams.  Creatinine decreased (P < 0.001) 

from 0 to 6 h and 12 to 48 h of age in calves from both primiparous and multiparous 

dams (Figure 2.4). In calves from multiparous dams, a decrease (P < 0.001) also occurred 

between 6 and 12 h. This trend in decreasing creatinine is consistent with previous 

reports from our lab (Larson, 2016). 
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Globulin is calculated by subtracting measured albumin from measured total 

protein. There was no effect of parity (P ≥ 0.52) on total serum protein or globulin 

(Figure 2.4). There was an interaction (P = 0.05) of parity and hour for serum albumin. 

Albumin was greater (P ≤ 0.02) in calves from primiparous dams than multiparous at 6 

and 12 h of age. Albumin in calves from primiparous dams decreased (P ≤ 0.03) from 6 

to 24 h and then remain unchanged (P ≥ 0.12) from 48 to 72 h. In calves from 

multiparous dams, concentrations were decreased (P < 0.001) from 0 to 12 h and 

increased (P = 0.001) from 24 to 48 h of age. Over the first 72 h of age, there was an 

effect of hour (P < 0.001) for serum globulin and total protein and patterns were very 

similar where an increase (P ≤ 0.001) occurred at each sampling time from 0 to 24 h. 

Serum globulin decreased (P ≤ 0.001) between 24 and 72 h of age, and total protein 

decreased (P ≤ 0.001) between 24 and 48 h. Albumin is a carrier protein that binds to 

long-chain fatty acids, steroids, calcium, and magnesium. Previous research in dairy 

calves demonstrated a decrease in albumin after initial suckling, likely because albumin 

is utilized as colostrum becomes digested and metabolized by the calf or by changes in 

vascular hydration status (Rauprich et al., 2000). To our knowledge, the parity difference 

for albumin concentrations has not been studied in other species and further research is 

needed to understand how it affects protein availability to neonatal calves. The patterns 

over time regarding albumin, globulin, and total protein concentrations are in agreement 

with previous findings from our laboratory for neonatal beef calves (Larson, 2016). This 

suggests that globulin may be the driving factor for protein determination and that overall 

circulating protein is not dependent on parity.  
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Hormones. Plasma insulin and cortisol concentrations were measured to 

investigate the cause of parity differences in circulating glucose, and these results are 

presented in Figure 2.5. There was an interaction (P = 0.04) of parity and hour for insulin. 

Concentrations of insulin were greater (P ≤ 0.04) in calves born to primiparous dams at 

12, 48, and 72 h of age. There was no effect of hour (P ≥ 0.28) on insulin in calves born 

to primiparous dams. In calves born to multiparous dams there was no difference (P ≥ 

0.11) in insulin concentration from 0 to 6 or 6 to 12 h of age. Insulin in calves born to 

multiparous dams decreased (P = 0.05) from 12 to 24 h, followed by an increase (P = 

0.04) from 24 to 72 h of age. In dairy calves, there was an increase in insulin during the 

first week of age as calves ingested colostrum and early milk (Hammon and Blum, 1997; 

Rauprich et al., 2000). It is possible that calves born to primiparous dams have less 

effective insulin responses to glucose during the first few days of life as exhibited by the 

lack of difference across time in the present study. 

There was an effect of hour (P < 0.001) but no effect of parity (P = 0.20) on calf 

cortisol concentrations (Figure 2.5). Cortisol decreased (P < 0.001) from 0 to 6 h and 

from 12 h to 24 h but was unchanged (P ≥ 0.63) from 24 to 72 h of age. This is in 

agreement with research in dairy calves where cortisol decreased from 1 to 2 d of age 

(Hammon and Blum, 1997; Rauprich et al., 2000). In other research, calves with reduced 

vigor (assessed through a modified Apgar score) had greater blood cortisol (Schafer and 

Arbeiter, 1995). The lack of parity effect in the present study is surprising given that 

heifers often undergo more stressful labor (Civelek et al., 2008). This may be explained 

by all dams on this study being bred to the same calving-ease favorable sire and the 
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limited number of dystocia by either parity. This suggests that the increased glucose in 

calves born to primiparous dams at 0 h was not a result of increased cortisol.  

 Calf metabolites and hormones at 0 and 48 h of age. At 0 h of age, there was no 

effect of parity (P ≥ 0.14) for circulating energy metabolites, insulin, or cortisol in 

neonatal beef calves (Table 2.7). For protein metabolites, there was no effect of parity (P 

≥ 0.17) with the exception of creatinine concentrations, which were greater (P = 0.05) in 

calves born to primiparous dams than multiparous dams. Given that creatinine is a 

product of muscle catabolism, it is possible that calves born to primiparous dams 

experience a more difficult parturition, as similar creatinine trends observed at calving 

are also observed with muscle disease-related tissue damage in beef cattle (Anderson et 

al., 1976). This additional trauma may explain the elevated creatinine at 0 h because 

creatinine no longer differed between parities at 48 h of age.  

At 48 h of age, there was no effect of parity (P ≥ 0.36) for metabolites and 

hormones measured with the exception of glucose and insulin (Table 2.7). Glucose 

tended to be greater (P = 0.06) in calves born to multiparous dams at 48 h. This increase 

in glucose may be related to greater colostrum and early milk consumption; however, we 

were not able to support this theory in our current study because colostrum yield was not 

measured. Because colostrum from primiparous dams had decreased lactose percentage 

compared to multiparous dams, we hypothesize that calves from primiparous dams have 

lower quantities of colostrum and early milk given that decreased lactose concentration is 

associated with reduced milk yield (Fuertes et al., 1998). Insulin concentrations were also 

greater (P = 0.009) in calves from multiparous dams than from primiparous dams which 

is likely in response to the increased glucose. Limited research has been done on neonatal 
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insulin concentrations; however, research in dairy dams has previously reported 

decreased maternal insulin around time of calving with no effect of parity (Meikle et al., 

2004). Insulin synthesis is believed to be inefficient in the neonatal period (Blum and 

Hammon, 2000), so it is possible that the greater concentrations in calves from 

multiparous dams indicates a better established insulin response. Effects of parity were 

different for metabolites measured at 0 and 48 h and in the overtime subset likely because 

of the smaller number included in overtime analysis. 

 

CONCLUSION 

 The results from this study indicate that dam parity affects neonatal birth weight, 

size, and placental mass indicating that calves born to multiparous dams have greater 

fetal growth than calves born to primiparous dams. No effect of parity was observed for 

neonatal vigor; however, breeding to a calving-ease sire likely reduced calving 

difficulties in this study that could have resulted in more notable vigor differences. 

Difference in colostrum quality between parities may contribute to the difference in 

perinatal nutrient availability. Calf metabolic status is affected by dam parity, as indicated 

by differences in circulating energy and protein metabolites as well as insulin 

concentrations over time. Despite this, the effect of parity on circulating energy and 

protein metabolites in neonatal beef calves does not seem to be explained by differences 

in maternal circulating metabolites. Future studies that measure colostrum yield may 

offer more insight regarding effects of parity for colostrum production and nutrient 

availability. 
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Table 2.1. Vigor scoring used to assess neonatal beef calf vigor at 10 min of age1 

Score Definition 

5 Extremely active and vigorous, standing on all 4 feet 

4 Very active and vigorous, standing on back legs and front knees 

3 Active and vigorous, on chest and holding head up 

2 Weak, lying flat on side, but holding head up 

1 Very weak, lying flat on side, unable to life head, minimal movement 
1 Vigor score was modified from sheep research by Matheson et al., 2012. 

 

  



55 
 

Table 2.2. Number of dams and calves included in analysis for determination of parity effects 

Variables Primiparous Multiparous 

Prepartum dam metabolites 18 33 

Placental characteristics 9 20 

Calf body size 17 35 

Calf time to stand 8 15 

Calf vigor score 11 17 

Colostrum 8 8 

6 h postpartum dam metabolites 8 8 

Calf 0 h metabolites 13 24 

Calf 48 h metabolites 12 14 

Calf over time metabolites1 9 to 12 14 to 16 
1 Range is given because not all calves were sampled at each of 0, 6, 12, 24, 48, and 72 h of age. 
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Table 2.3. Dam BW, BCS, and circulating metabolites pre- and postpartum 

 Parity1  

Variables Primiparous Multiparous P-value 

Prepartum BW, kg 552 ± 6 666 ± 10 < 0.001 

Prepartum BCS 5.1 ± 0.1 5.3 ± 0.1 0.18 

Pre-calving2    

Glucose, mg/dL 69.1 ± 1.3 68.8 ± 0.9 0.84 

Blood urea nitrogen, mg/dL 6.60 ± 0.49 7.82 ± 0.36 0.05 

Non-esterified fatty acids, mEq/L 805 ± 54 735 ± 40 0.30 

6 h postpartum3    

Glucose, mg/dL 82.2 ± 2.1 82.6 ± 2.1 0.89 

Blood urea nitrogen, mg/dL 7.63 ± 0.41 7.15 ± 0.40 0.41 

Non-esterified fatty acids, mEq/L 748 ± 78 739 ± 78 0.93 
1 Mean ± SEM presented. 
2 Blood was sampled at 6.7 ± 3.1 d [SD; range: 0 to 13 d] prior to calving. 
3 Blood was sampled at 6.8 ± 0.6 h [SD; range: 5.9 to 7.8 h] postpartum. 
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Table 2.4. Effect of dam parity on placental size 

 Parity1  

Variables Primiparous Multiparous P-value 

Total placental dry weight, g 240 ± 22 288 ± 15 0.08 

Cotyledon number 81.8 ± 8.7 89.5 ± 5.8 0.90 

Cotyledonary dry weight, g 116 ± 15 144 ± 10 0.12 

Intercotyledonary dry weight, g 124 ± 9 144 ± 6 0.08 

Intercotyledonary:cotyledonary mass ratio 0.94 ± 0.07 0.99 ± 0.05 0.52 

Average cotyledonary dry weight, g 1.52 ± 0.16 1.77 ± 0.11 0.24 

Average umbilical vessel diameter, mm 7.19 ± 0.44 7.53 ± 0.32 0.54 
1 Mean ± SEM presented for measures. 

 

   



58 
 

Table 2.5. Effect of dam parity on neonatal beef calf size and vigor 

 Parity1  

Variables Primiparous Multiparous P-value 

Gestation length 275 ± 3 276 ± 1 0.46 

Calf sex, % male 61.1 58.3 - 

Calf size2    

     Birth weight, kg 32.3 ± 1.4 35.9 ± 1.0 0.04 

     Shoulder to rump length, cm 58.3 ± 0.9 59.9 ± 0.6 0.14 

     Cannon circumference, cm 12.2 ± 0.2 12.5 ± 0.1 0.16 

     Heart girth, cm 72.7 ± 2.1 73.4 ± 1.4 0.80 

     Abdominal girth, cm 70.1 ± 1.2 74.4 ± 0.9 0.006 

     Ponderal index3, kg/m3 164 ± 6 167 ± 4 0.62 

Calf vigor    

     Time to stand, min4 32.3 ± 7.9 36.1 ± 5.8 0.70 

     Vigor score5 3.25 ± 0.25 3.28 ± 0.20 0.91 
1 Mean ± SEM presented for measures except calf sex  
2 Calves were weighed and measured at 20.5 ± 14.7 [SD] h of age. 
3 Ponderal index = calf BW (kg)/ shoulder to rump length (cm)3. 
4 Range for all calves was 8 to 85 min; n = 8 primiparous and 15 multiparous. 
5 Vigor scores using a scale of 1 (very weak) to 5 (extremely active and vigorous) and measured at 10 

min of age; (n = 11 primiparous and 17 multiparous). 
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Table 2.6. Effect of dam parity on beef dam colostrum nutrient composition (wet basis)1 

 Parity2  

Variable  Primiparous Multiparous P-value 

Protein, % 16.8 ± 0.9 11.2 ± 0.9 0.001 

Lactose, % 3.19 ± 0.31 3.97 ± 0.31 0.09 

MUN, mg/dL 5.28 ± 0.43 5.82 ± 0.43 0.39 
1 Colostrum was sampled at 6.8 ± 0.6 [SD] h [range: 5.9 – 7.8 h] postpartum from one rear quarter.  
2 Mean ± SEM presented for measures. 
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Table 2.7. Effect of dam parity on neonatal beef calf circulating metabolites and hormones at 0 and 

48 h of age 

 Parity1  

Variables Primiparous Multiparous P-value 

0 h2    

Glucose, mg/dL 95.5 ± 11.9 72.9 ± 8.8 0.14 

Blood urea nitrogen, mg/dL 5.85 ± 0.40 6.54 ± 0.29 0.17 

Creatinine, mg/dL 4.95 ± 0.39 3.95 ± 0.29 0.05 

Total protein, g/dL 4.10 ± 0.05 4.04 ± 0.03 0.28 

Albumin, g/dL 2.63 ± 0.04 2.60 ± 0.03 0.62 

Globulin, g/dL 1.48 ± 0.03 1.44 ± 0.02 0.33 

Non-esterified fatty acid, mEq/L 483 ± 119 712 ± 87 0.14 

Triglyceride, mg/dL 198 ± 37 184 ± 27 0.77 

Insulin, ng/mL 0.76 ± 0.17 0.63 ± 0.12 0.54 

Cortisol, μg/dL 326 ± 26 329 ± 19 0.94 

48 h    

Glucose, mg/dL 109 ± 5 122 ± 5 0.06 

Blood urea nitrogen, mg/dL 8.25 ± 1.05 6.93 ± 0.97 0.36 

Creatinine, mg/dL 1.00 ± 0.05 1.01 ± 0.04 0.82 

Total protein, g/dL 6.43 ± 0.24 6.56 ± 0.22 0.71 

Albumin, g/dL 2.19 ± 0.06 2.15 ± 0.06 0.63 

Globulin, g/dL 4.26 ± 0.28 4.42 ± 0.26 0.67 

Non-esterified fatty acid, mEq/L 385 ± 51 328 ± 45 0.41 

Triglyceride, mg/dL 597 ± 111 688 ± 99 0.54 

Insulin, ng/mL 0.51 ± 0.10 0.91 ± 0.10 0.009 

Cortisol, μg/dL 49.7 ± 10.4 58.0 ± 9.3 0.56 
1 Mean ± SEM presented. 
2 Blood samples obtained at 56 ± 49 [SD] min [range: 8 to 193 min] of age; samples were taken after 

standing and prior to suckling. 
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Figure 2.1. Layout of calving pens for primiparous and multiparous dams. Dams were 

penned in groups of 12 to 15 animals by prior management group (parity 1 and 2 vs. 

parity ≥ 3). 
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Figure 2.2. Frequency of neonatal beef calf vigor score on scale of 1 to 5 (1 = very weak; 

5 = extremely active and vigorous) for calves born to primiparous and multiparous dams.
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Figure 2.3. Effect of dam parity on serum energy metabolites glucose (Panel A), non-

esterified fatty acids (NEFA; Panel B), and triglycerides (TG; Panel C) of neonatal 

spring-born beef calves. Least square means ± SEM are presented (n = 12 primiparous 

and 16 multiparous). Solid circles (●) represent calves from primiparous dams and open 

circles (○) represent multiparous where there is an effect of parity. There was an 

interaction of parity x hour for glucose (P = 0.007), NEFA (P = 0.05), and TG (P < 

0.001). abcd Means differ (P ≤ 0.05) for primiparous dams across hours. wxyz Means differ 

(P ≤ 0.05) for multiparous dams across hours. * Parity means within hour differ (P ≤ 

0.05), + tend to differ (P ≤ 0.10). 
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Figure 2.4. Effect of dam parity on serum protein metabolites blood urea nitrogen (BUN; 

Panel A), creatinine (Panel B), globulin (Panel C), albumin (Panel D), and total protein 

(Panel E) of neonatal spring-born beef calves. Least square means ± SEM are presented 

(n = 12 primiparous and 16 multiparous). Solid circles (●) represent calves from 

primiparous dams and open circles (○) represent multiparous where there is an effect of 
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parity.  There was an interaction of parity x hour for BUN, creatinine, and albumin (P ≤ 

0.05). There was no effect of parity (P > 0.15) for globulin or total protein but there was 

an effect of hour (P < 0.001). In panels A, B, and D, abcd means differ (P ≤ 0.05) for 

primiparous dams across hours; vwxyz Means differ (P ≤ 0.05) for multiparous dams across 

hours. * parity means within hour differ (P ≤ 0.05). In panels C and E, abcde means differ, 

P ≤ 0.05, across hours for all calves on the study. 
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Figure 2.5. Effect of dam parity on plasma hormones insulin (Panel A) and cortisol 

(Panel B) of neonatal spring-born beef calves. Least square means ± SEM are presented 

for each sampling time period (n = 12 primiparous and 16 multiparous). Solid circles (●) 

represent calves from primiparous dams and open circles (○) represent multiparous where 

there is an effect of parity. There was an interaction of parity x hour for insulin (P = 

0.04). There was no effect of parity (P = 0.18) for cortisol but there was an effect of hour 

(P < 0.001). In panel A, a means did not differ (P ≥ 0.05) for primiparous dams across 

hours; xyz means differ (P ≤ 0.05) for multiparous dams across hours. * parity means 

within hour differ (P ≤ 0.05). In panel B, abcd means differ, P ≤ 0.05, across hours for all 

calves on the study. 
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CHAPTER 3 

EFFECT OF SAMPLING TIME ON NEONATAL AND PERIPARTUM 

MATERNAL METABOLISM IN STOCK-TYPE HORSES 

 

ABSTRACT 

Limited research has been conducted to characterize normal blood chemistry in 

equine neonates and their dams near parturition. The objective of this study was to 

determine changes in circulating metabolites during the first 72 h after parturition in foals 

and peripartum mares. Three foaling seasons with 16 mare and foal pairs were used in the 

study. Mares were fed the same type of forage within each year and supplemented with 

concentrate grain based on individual BCS and BW. Prepartum jugular venous blood 

samples were obtained when mares registered >175 ppm using a commercially available 

milk calcium test kit (32.2 ± 21.8 h pre-foaling). Jugular blood samples were collected 

from each mare and foal at 0 h (within 85 min of parturition, after the foal had stood but 

prior to suckling) and at 6, 12, 24, 48, and 72 h following initial sampling. Foal serum 

was used to determine blood chemistry within 48 h of sampling (Equine Maxi Chem 

Panel and Complete Blood Chemistry, MU Vet Med Diagnostic Laboratory). Mare serum 

blood urea nitrogen (BUN), mare plasma glucose, and mare and foal serum non-esterified 

fatty acids (NEFA) concentrations were measured using commercially available kits. 

Data were analyzed using a mixed model with sampling time as a fixed effect  and 

sampling hour considered a repeated effect. There was an effect of hour (P < 0.001) for 

all foal energy and protein metabolites. Neonatal glucose and triglyceride (TG) increased 

(P < 0.001) from 0 to 24 h. Neonatal TG increased (P < 0.001) between 24 to 48 h and 
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glucose decreased (P = 0.01) in the same period. Neonatal NEFA increased (P = 0.04) 

from 0 to 6 h and decreased (P ≤ 0.01)6 to 24 h. Neonatal BUN increased (P < 0.001) 

between 0 to 6 h and decreased (P < 0.001) from 12 to 72 h. Total protein and globulin 

increased (P < 0.001) from 0 to 12 h, albumin decreased (P ≤ 0.01) from 0 to 24, and 

creatinine decreased (P ≤ 0.02) from 0 to 72 h. There was also an effect of hour (P ≤ 

0.03) for all neonatal electrolytes, metabolic enzymes, bicarbonate, anion gap, direct and 

total bilirubin, and all hematological components except for mean corpuscular 

hemoglobin (P = 0.77). There was an effect of hour (P < 0.001) for peripartum mare 

glucose, BUN, and NEFA. Maternal glucose was greatest (P < 0.001) at 0 h, BUN 

increased (P < 0.001) from prepartum to 0 h and 12 to 24 h postpartum, and NEFA was 

less (P ≤ 0.02) at prepartum and 6 h compared to other sampling times. These data 

demonstrate dynamic blood chemistry changes throughout the first 72 h of life in foals 

and during the peripartum period in mares. Sampling time must therefore be taken into 

consideration when evaluating individual neonates and their dams. 

 

INTRODUCTION 

 The neonatal period is critical for foal health and survival. Within the first 30 d of 

life, the mortality rate is 4.9% for foals born alive, with over half the fatalities occurring 

prior to 24 h of age (APHIS, 2017). While metabolic status in the early neonatal period is 

not well studied, research done in various equine and donkey breeds has reported that 

circulating metabolites and blood chemistry change in relationship to foal age (Aoki et 

al., 2013a; Sgorbini et al., 2013; Veronesi et al., 2014). Additionally, metabolic status 

changes during the peripartum period in the mare (Aoki and Ishii, 2012; Aoki et al., 
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2013a; Mariella et al., 2014). Limited research has been conducted regarding metabolic 

changes during the 72-h postpartum period in mares and foals, with much of the research 

being based around once daily blood samples or from case studies comparing healthy and 

critically ill mares and foals. Previous research from our laboratory in neonatal beef 

calves suggests that metabolites change beginning at least as early as 6 h postnatally, 

which indicates the importance of understanding how metabolites change during the 72 

hours postnatally (Larson, 2016). Diagnosis of disease is predicated on knowledge of 

normal data from the neonatal stage, with normal data during this stage being known to 

differ from healthy adult horses. These reference intervals are already known to be 

variable based on advancing age during the first few weeks and months of life (Bauer et 

al., 1984). Therefore, the objectives of this study were to determine changes in metabolic 

status of healthy peripartum mares and neonatal foals during the first 72 h post-foaling. 

 

MATERIALS AND METHODS 

 The University of Missouri Animal Care and Use Committee approved animal 

care and use in this study. 

Animal Management, Nutrition, and Foaling  

Over the course of 3 foaling seasons, 16 stock-type mares were used at the 

University of Missouri Equine Teaching Facility, with some mares being used for 

multiple foaling seasons. Mares were managed according to routine farm protocols pre- 

and postpartum with the exception of prolonged housing in the barn until 72 h post-

foaling and sample collection. Mares were examined monthly for changes in BW (using 

weight tape calculations; weight (lb) = heart girth2 x body length / 330) and BCS assessed 
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by a trained individual on a scale of 1 to 9 (Henneke et al., 1983). Mares ranged from 7 to 

18 yr of age (average = 12 ± 3.0 [SD throughout]) with BW between 492 and 651 kg 

(average = 592 ± 49), and BCS between 5 and 6.5 (average = 6.0 ± 0.5).  

Mares were fed on an individual basis relative to BCS and BW. Mares were 

offered approximately 0.75% of BW grain (as-fed basis) twice daily as well as hay 

(fescue-free mixed grass yr 1 and 2, mixed alfalfa grass yr 3) offered ad libitum with an 

assumed DMI consumption of 2% of mare BW per day to meet late gestation nutrient 

requirements (NRC, 2007)(Table 3.1.). Two mares in yr 1 and one mare in yr 2 were 

offered alfalfa in addition to fescue-free mixed grass due to low BCS (<5.5) in late 

gestation. Vitamin and mineral requirements were met or exceeded with provided forage 

and concentrate. Grain and forage fed were sampled for nutrient analysis when prepartum 

blood sampling was initiated for each mare. Beginning at d 290 of gestation, mares were 

housed in all-weather footing dry lots with open front sheds during the day and in 3.7 x 

3.7 m stalls at night to allow for camera observation as mares neared time of foaling. 

Mares had ad libitum access to water at all times. 

 As udder development, vulva relaxation, and mammary secretions increased prior 

to foaling, mares were evaluated using milk calcium testing kits (FoalWatch™ test kit, 

Chemetrics, Midland, VA 22728). When mammary secretion calcium concentration 

exceeded 175 ppm, mares were placed on 24-h foal watch. This strategy is based on 

published research indicating that following elevation of mammary secretion calcium 

concentrations to 200 ppm, there is a 54% probability that mares will initiate parturition 

within 24 h, and an 84% probability within 48 h (Ley et al., 1989; Ley, 1994; Dascanio, 

2014a). Surveillance occurred through use of video cameras set up at both ends of a 7.3 x 
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3.7 m foaling stall and monitored for evidence of foaling on a continuous basis. A foaling 

manager was on site for each foaling, and time of initiation of stage 2 of parturition was 

recorded. Foal position was checked immediately after visualization of amniotic fluids or 

membranes, and light traction was applied to help with passage of shoulders when 

practical, as determined by dam temperament. Time of birth was recorded when the 

entire foal had been expelled. 

Alfalfa-mix hay was pre-soaked in water and offered ad libitum immediately 

post-foaling (Table 3.1). Mares were not offered grain until normal defecation was 

resumed postpartum. After observation of initial defecation, mares were transitioned back 

to normal concentrate rations over a period of 48 to 72 h (dependent upon the amount of 

grain being offered) and provided ad libitum access to the alfalfa mix hay. 

Colostrum Samples 

 After conclusion of parturition and prior to the foal’s first suckling attempts, 50 

mL of colostrum were collected by hand from both teats and stored at -20° C for future 

analysis. Additionally, refractometer (equine colostrum refractometer, Animal 

Reproductive Systems, Chino, CA) readings were obtained to provide an indirect 

quantification of IgG through assessment of total solids. 

Neonatal Foal Management 

At 1 and 3 min post foaling, neonatal vigor was assessed using foal Apgar scoring 

(Jepson et al., 1991; Veronesi et al., 2005). After the umbilicus had separated, navels 

were dipped in dilute chlorhexidine (1:4 dilution). Foals were observed for time of initial 

suckling reflex (presence of tongue moving outside lips), time to stand (minimum of 10 

sec without assistance to remain stable), and time to suckle (confirmed by hearing or 
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feeling neck for swallowing). Mare and foal pairs remained under constant observation 

for normal behavior and health assessments for 24 h postpartum. The average time for 

each benchmark recorded for foals on this study is described in Table 3.2. 

Birth weight, using a digital scale, and body size measurements were obtained 

within 24 h of age. Foal body size was determined with a flexible measuring tape. Body 

length was measured from point of shoulder to point of buttocks. Heart girth was 

measured as the body circumference immediately posterior to the shoulders and front 

legs, perpendicular to the spine. Poll to withers length was measured along the crest of 

the neck, and withers to tailhead length was measured from base of withers to the end of 

the tailhead along the spine. Cannon bone circumference was measured at the smallest 

circumference of a pelvic limb cannon bone and length measured between proximal to 

distal aspects of cannon bone. Average birth size of foals on this study is described in 

Table 3.2. 

Late Gestation and Neonatal Blood Collection 

 Prepartum jugular venous blood samples were collected when mares registered > 

175 ppm using a commercially available milk calcium test kit (32.2 ± 21.8 h prior to 

foaling, range = 6.3 to 75.3 h]); a second sample was obtained if foaling did not occur 

within 48 h of initial sampling. Jugular blood samples were obtained from both mares 

and foals after initial standing of the foal (unassisted standing on all 4 legs for > 10 sec) 

but prior to suckling (0 h sample; within 85 min of parturition, 45.6 ± 15.5 min). Blood 

was sampled again from both mares and foals at 6, 12, 24, 48, and 72 h after the time of 

initial 0 h sample. At each sampling time, mare blood samples were collected into 3 

blood collection tubes (1 Vacutainer® serum collection tube containing no additives [10 
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mL draw; Becton Dickinson, Franklin Lakes, NJ], 1 Monoject plasma collection tube 

containing 0.10 mL of 15% K3 EDTA [10 mL draw; Covidien, Mansfield, MA] and 1 

Vacutainer® plasma collection tube containing 15 mg of sodium fluoride and 12 mg of 

potassium oxalate [6 mL draw; Becton Dickinson, Franklin Lakes, NJ] for glucose 

determination). Foal blood samples were collected into 2 blood collection tubes (1 

Vacutainer® serum collection tube containing no additives [10 mL draw; Becton 

Dickinson, Franklin Lakes, NJ], and 1 Monoject plasma collection tube containing 0.10 

mL of 15% K3 EDTA [7 mL draw; Covidien, Mansfield, MA]). Plasma tubes were 

inverted as directed and refrigerated immediately following collection, and serum tubes 

were allowed to clot prior to refrigeration. Samples were centrifuged within 8 h of 

collection at 1,500 x g at 4°C for 30 min. Serum or plasma was then pipetted into 2 mL 

microcentrifuge tubes with one aliquot of foal serum and whole blood (1 mL each) 

refrigerated for diagnostic analysis and the remainder stored at -20 °C until future 

analysis. 

Metabolite Analyses 

One aliquot of foal serum (1 mL) was refrigerated and transported to the 

University of Missouri Veterinary Diagnostic Laboratory (VMDL) on the day of 

collection. Samples collected during the evening or the weekend were refrigerated 

following centrifugation and transported to the VMDL within 48 h for biochemical 

analysis. Serum glucose, triglyceride (TG), blood urea nitrogen (BUN), creatinine, 

sodium, chloride, bicarbonate, anion gap, albumin, total protein, globulin, calcium, 

phosphorus, magnesium, total bilirubin, and direct bilirubin and activities of aspartate 

aminotransferase (AST), gamma-glutamyl transpeptidase (GGT), and creatine kinase 
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(CK) were determined using a Beckman Coulter AU 400e Chemistry Systems (Beckman 

Coulter Inc., Brea, CA) in yr 1 and 2, and an Olympus 400AUe Chemistry Analyzer 

(Olympus Cooperation, Center Valley, PA) in yr 3. A Sysmex XT-2000iV analyzer 

(Siemens AG, Munich, Germany) was used for foal whole blood to determine red blood 

cell count (RBC), white blood cell count (WBC), hematocrit, hemoglobin, mean 

corpuscular hemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular 

hemoglobin concentration (MCHC), and platelet count. 

Mare serum samples were analyzed for BUN using a commercially available urea 

nitrogen kit (Urea Nitrogen Procedure Number 0580; Stanbio Laboratory, Boerne, TX) 

based on the diacetylmonoxime method. Samples were read in duplicate in 96-well 

polystyrene plates (Corning Inc., Corning, NY) on a microplate reader (Biotek Synergy™ 

HT, Biotek® Instruments Inc., Winooski, VT) at 520 nm. The intraassay CV was 2.6%, 

4.6%, 3.5% and interassay CV was 7.1%, 2.4%, 3.5%, respectively for yr 1, 2, and 3. 

Glucose concentration was determined in mare plasma samples (collected in 

treated tubes described above) using the InfinityTM glucose hexokinase commercially 

available kit (Fisher Diagnostics, Middletown, VA) based on the glucose-6-phospate 

dehydrogenase method. Samples were read in duplicate in 96-well plates as described 

above at 340 nm. The intraassay CV was 3.4%, 2.7%, 3.0% for yr 1, 2 and 3, 

respectively. The interassay CV was 3.9% and 11.2%, respectively for yr 1 and 2 with all 

samples run on the same plate for yr 3. 

Serum concentrations of NEFA from mares and foals at all sampling times were 

measured with a modified procedure of the NEFA C kit (Wako Pure Chemical Industries, 

Ltd, Osaka, 37 Japan), using the acyl-CoA synthetase-acyl-CoA oxidase method. 
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Samples were read in duplicate in 96-well plates as described above at 550 nm. The 

intraassay CV was 5.7%, 3.3%, and 3.9% for mare NEFA and 3.9%, 3.2%, and 3.9% for 

foal NEFA for yr 1, 2, and 3, respectively. The interassay CV was 9.7% and 8.3% for 

mare NEFA in yr 1 and 2 with an interassay CV of 1.2% for foal NEFA in yr 1, and all 

samples ran on the same plate for yr 2 and 3. 

Statistical Analysis 

 Data were analyzed using the MIXED procedure in SAS 9.4 (SAS Institute Inc., 

Cary, NC). Data were analyzed with sampling hour and year as fixed effects in the model 

for all measures. Hour was considered a repeated effect, and the best-fit covariance 

structure (chosen from compound symmetry, heterogeneous compound symmetry, 

autoregressive, and heterogeneous autoregressive) was used for each variable. Mares 

being used across multiple years were treated as individual subjects for each year. 

Significant main effects of hour are reported (P ≤ 0.05) with main effects of year 

discussed if significant. There was no interaction of hour and year (P ≥ 0.22) for any 

parameter. 

 

RESULTS AND DISCUSSION 

 To our knowledge, limited research has been conducted in healthy neonatal stock-

type (breeds intended for working livestock) foals and their dams during the first 72 h of 

age. Studies done in young draft horses and their dams, as well as research in neonatal 

donkeys during the first few weeks of life, have shown that concentrations of circulating 

metabolites change in relationship to age (Veronesi et al., 2009; Aoki and Ishii, 2012; 

Sgorbini et al., 2013). Peripartum mare metabolites have also been previously observed 
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to change in relationship to foaling in standardbred mares (Mariella et al., 2014). Many of 

these studies have taken daily samples, and results from the present study suggest that 

changes in circulating metabolite concentrations can occur within 6 h time increments, 

pointing to the importance of consistent timing in neonatal research. 

Neonatal Foal Energy-related Metabolites 

 There was an effect of hour (P < 0.001) for all foal circulating energy metabolites 

(Figure 3.1). Serum glucose increased (P ≤ 0.001) at each sampling time from 0 to 24 h 

of age. At 0 h, foal glucose was numerically less than half of mare glucose at 0 h (Figure 

3.8). Foal glucose then decreased (P = 0.009) from 24 to 48 h before remaining 

unchanged (P = 0.56). The increase after 0 h is explained by the consumption of 

colostrum which contains lactose and other components important for energy 

metabolism. Foal glucose at 24 h exceeded mare glucose during the sampling period 

(Figure 3.8). The stability of concentrations from 24 to 48 h was also reported in multiple 

foal studies and is an indication of fully functional glucose metabolism and endocrine 

control systems at birth (Aoki and Ishii, 2012; Pirrone et al., 2014; Veronesi et al., 2014).  

Serum TG increased (P ≤ 0.03) at each sampling time from 0 to 48 h before 

remaining unchanged (P = 0.22) from 48 to 72 h. This observation was supported by 

previously-reported results in draft foals and is a result of the consumption of colostrum 

and early milk (Aoki and Ishii, 2012). Serum NEFA increased (P = 0.04) from 0 to 6 h 

and decreased (P ≤ 0.02) from 6 to 24 h, where concentrations were less than 0 h. Serum 

NEFA then increased (P = 0.002) back to 0 h concentrations at 48 h before remaining 

unchanged (P = 0.23) from 48 to 72 h. In neonatal draft foals, NEFA concentrations were 

greatest at birth (Aoki and Ishii, 2012). The subsequent sampling time point in the draft 
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foal study was between 24 and 48 h. This excluded the additional sampling done in our 

study at 6 and 12 h, thereby missing the additional increase we saw from 0 to 6 h. Foal 

NEFA were within the same range as mare NEFA concentrations during the sampling 

period except at 6 h, when foal concentrations exceeded the mares ranges (Figure 3.8). 

While TG are derived from colostrum, measurable NEFA results from lipolysis when 

energy intake is limited. The increase during the first 6 h may have resulted from energy 

exerted by the foal during preliminary attempts to stand and suckle, creating a transient 

net negative energy balance prior to colostrum ingestion (provision of an enteric energy 

source).  

Neonatal Foal Protein-related Metabolites 

 There was an effect of hour (P < 0.001) for all foal protein metabolites (Figure 

3.2). Serum BUN increased (P < 0.001) from 0 to 6 h of age, was unchanged (P = 0.62) 

from 6 to 12 h, and decreased (P < 0.001) at each sampling time from 12 to 72 h. This 

elevated BUN at birth followed by a decrease was also reported in neonatal draft foals 

and donkey foals (Aoki and Ishii, 2012; Veronesi et al., 2014). Foal BUN concentrations 

in the present study decreased below mare concentrations after 24 h of age. Researchers 

previously attributed this decrease in BUN to the onset of urination; however, the 

decreased could be better explained by the development of renal transport and 

reabsorption systems in the neonate (Becht and Semrad, 1985; Aoki and Ishii, 2012). The 

initial BUN concentrations may better reflect maternal concentrations in circulation from 

in utero blood supply. Decreased BUN postnatally is more likely a result of increased 

demand for amino acids for protein synthesis rather than deamination (Bauer et al., 

1984). 
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Serum creatinine concentration steadily decreased (P ≤ 0.02) from 0 h to 72 h at 

each sampling time. Creatinine concentrations that remain elevated have been confirmed 

to be diagnostic for impaired renal function in sick foals or as evidence of placental 

disease, indicating that changes may have more biological significance than a result of 

hemodilution as the kidneys mature postnatally (Pirrone et al., 2014). Over the course of 

the present study, one mare had a retained placenta and no placental disease was noted 

with any mares. This mare and foal did not present as outliers for any parameters. A 

similar decrease in creatinine was reported in Amiata donkey foals (Sgorbini et al., 

2013); however, a decrease did not occur until after 48 h in Martina Franca donkey foals, 

differences in breed and management may affect creatinine (Veronesi et al., 2014). 

Total serum protein increased (P < 0.001) from 0 to 12 h, decreased (P = 0.05) 

from 12 to 24 and then remained unchanged (P ≥ 0.14) until 72 h. Serum globulin 

concentration increased (P < 0.001) from 0 to 12 h with no changes (P ≥ 0.19) from 12 to 

72 h of age. Serum albumin decreased (P ≤ 0.006) at each sampling time from 0 to 24 h 

before remaining unchanged (P ≥ 0.69) from 24 to 72 h. Total protein, globulin, and 

albumin also all had similar results reported in neonatal draft foals (Aoki and Ishii, 2012). 

Neonatal globulin would be expected to increase with colostrum consumption 

(immunoglobulins transfer). Albumin is an important carrier protein for maintaining 

homeostasis and binds to multiple molecules including long-chain fatty acids and 

steroids. The albumin decrease has previously been attributed to hemodilution following 

suckling and hydration of the foal (Aoki and Ishii, 2012). Given that total protein is 

calculated by the sum of albumin and globulin, the increase in total protein is likely 

driven by the large increase in globulin. 
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Neonatal Foal Electrolytes 

There was an effect of hour (P < 0.001) for all foal electrolytes (Figure 3.3). 

Serum sodium concentration decreased (P < 0.001) at each sampling time from 0 to 24 h, 

increased (P < 0.001) from 24 to 48 h and then remained unchanged (P = 0.06) from 48 

to 72 h. Sodium has been proposed to be an indicator of colostrum intake in draft foals 

because researchers speculate its rapid decrease during the first 24 h is due to 

hemodilution (Becht and Semrad, 1985; Aoki and Ishii, 2012).  

Serum calcium were not different (P = 0.88) at 0 and 6 h of age but decreased (P 

< 0.001) at 12 h and again at 24 h of age. Calcium then increased (P < 0.001) again at 48 

and 72 h of age. This is in agreement with research in neonatal draft foals where calcium 

decreased from birth to 1 d of age. Increasing calcium concentrations in this time period 

were attributed to increased calcium intake from colostrum and early milk (Aoki and 

Ishii, 2012). While the biological significance of decreased serum calcium during the first 

6 h postnatally is not understood, this may be related to calcium available in milk being 

consumed. Research regarding changes in milk calcium concentrations are in 

disagreement with increasing calcium as colostrum switched to milk and continuing to 

increase until d 5 of lactation in one study, and decreasing from 0 to 12 h postnatally in 

another (Ullrey et al., 1966; Csapó et al., 2009).  

Serum chloride tended to decrease (P = 0.07) from 0 and 6 h of age, decreased (P 

= 0.005) at each sampling period from 6 to 48 h, and tended to again decrease (P = 0.08) 

at 72 h of age. This is in disagreement with previous research in neonatal draft foals in 

which chloride concentrations were unchanged during the 24 h postnatally (Aoki and 
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Ishii, 2012), but is agreement with other studies where chloride concentration decreased 

after 12 h of age (Becht and Semrad, 1985).  

Serum phosphorous were not different (P ≥ 0.25) between 0 and 12 h of age. 

Concentrations then increased (P < 0.001) at 24 h of age, with phosphorous concentration 

at 72 h being greater (P = 0.02) than at 48 h but neither of those different (P ≥ 0.35) from 

24 h. This increase after 24 h of age is supported by previous research showing a 

relationship between decreased carbohydrate utilization and increased phosphorous 

concentrations in young foals because of carbohydrate metabolism (Rumbaugh and 

Adamson, 1983). 

Serum potassium decreased (P < 0.001) from 0 to 6 h, increased (P ≤ 0.01) from 

12 to 48, and then remained unchanged from 48 to 72 h (P = 0.62). Magnesium 

concentrations increased (P ≤ 0.007) from 0 to 12 h, and then decreased (P ≤ 0.04) from 

12 to 72 h. The changes in both of these electrolytes may all be relative to changing 

hydration status of the foal and changes in the composition of mare’s milk (Aoki and 

Ishii, 2012).  

Neonatal Foal Metabolic Enzymes 

 There was an effect of hour (P < 0.001) for all foal metabolic enzymes measured 

(Figure 3.4). Serum AST increased (P ≤ 0.007) from 0 to 24, and again (P < 0.001) from 

48 to 72 h. Serum CK was not different (P ≥ 0.09) from 0 to 24 h or 48 and 72 h but 

decreased (P < 0.001) from 24 to 48 h. Similar trends were observed for AST and CK in 

neonatal draft foals (Aoki and Ishii, 2012). Serum AST can be measured clinically to 

assess liver function, as a biomarker for striated muscle disease/injury, and is important 

in amino acid metabolism (Kaneko et al., 2008). This steady increase in AST was also 
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observed in Thoroughbred foals and neonatal donkeys, although the biological 

significance of this increment is not well understood (Bauer et al., 1984; Veronesi et al., 

2014). Circulating CK is important in skeletal muscle energy metabolism and can also be 

a biomarker for striated muscle disease or injury (Kaneko et al., 2008). Its role in 

neonates aside from skeletal muscle function has not been well studied beyond the 

detection of several genetic myopathic disease in some breeds. 

Serum GGT increased (P < 0.03) from 0 to 12 h, decreased (P < 0.001) from 12 

to 24 h, and increased (P = 0.002) again from 48 to 72 h. Serum GGT is a marker of bile 

duct proliferation and present in larger quantities in ruminant colostrum than other 

enzymes like CK and AST, although this has not been studied in mares (Braun et al., 

1983; Kaneko et al., 2008). Our research is in agreement with studies in neonatal draft 

foals that developed increasing GGT activities during the first 24 h and the first week of 

life (Aoki and Ishii, 2012). This observation contradicts previous research in neonatal 

standardbred foals that demonstrated no change in GGT during the first week of life, 

leading to the conclusion that its presence is not notable in mare colostrum therefore its 

increase in neonatal foals is not well understood (Patterson and Brown, 1986).  

Other Neonatal Foal Blood Chemistry Measures 

 There was an effect of hour (P ≤ 0.001) for other foal blood chemistry parameters 

that were measured (Figure 3.5). Bicarbonate decreased (P < 0.001) from 0 to 6 h and 

increased (P ≤ 0.002) from 24 to 72 h, with no differences (P ≥ 0.09) from 6 to 24 h. 

Anion gap concentrations remained unchanged (P = 0.62) from 0 to 6 h, decreased (P ≤ 

0.03) from 6 to 24 h, and then remained unchanged (P ≥ 0.14) for the remainder of the 

sampling period. Elevated anion gap bicarbonate in neonatal foals has previously been 
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correlated with neonatal foal morbidities including sepsis and hyperlactatemia; however, 

normal changes in these metabolites in the neonatal period have not been extensively 

studied (Corley et al., 2005). Increased anion gap is positively correlated with lactate 

concentrations in both healthy and sick foals and can be used as a prognosis predictor for 

critically ill foals in a clinical setting (Castagnetti et al., 2010) 

Total bilirubin increased (P ≤ 0.03) from 0 to 24 h with 48 and 72 h not different 

(P ≥ 0.06) from any other sampling time except for 0 h (P ≤ 0.001). This increase was 

noted to occur after colostrum ingestion in neonatal donkeys and has been associated 

with perinatal erythrocyte destruction (Bauer et al., 1984; Veronesi et al., 2014). Direct 

bilirubin increased (P < 0.001) from 0 to 6 h and decreased (P = 0.005) from 24 to 48 h 

with no differences (P ≥ 0.06) between 6, 12, 24 and 72 h. Direct bilirubin measures 

unconjugated bilirubin as well as azobilirubin (unconjugated bilirubin couples with 

diazosulfanilic acid), making them less accurate when total bilirubin is not significantly 

elevated (Kaneko et al., 2008). Increased direct bilirubin has also been associated with 

the darker yellow color of equine neonate serum see prior to 48 h of age (Becht and 

Semrad, 1985). No major change in serum color overtime was noted during the course of 

this study. 

Neonatal Foal Hematologic Characteristics 

 There was an effect of hour (P ≤ 0.03) for all foal blood chemistry with the 

exception of MCH (P = 0.77). Hematocrit, hemoglobin, and RBC had the same pattern 

(Figure 3.6). These measures decreased from 0 to 6 h (P ≤ 0.02) before remaining 

unchanged (P ≥ 0.16) throughout the remainder of the sampling period. Additionally, 48 

h also not different (P ≥ 0.09) from 0 h. In neonatal draft foals, this decrease was also 
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observed from 1 h (pre-colostrum consumption) to 1 d of age (sampled at 24 to 48 h), and 

continued to decrease at 1 wk of age (Aoki and Ishii, 2012). In studies that followed foals 

through the first several weeks of life, this decrease was attributed to hemodilution from 

changes in hydration status and blood volume as documented in other species (Aoki and 

Ishii, 2012). Because foal blood samples were collected during a shorter timeframe, the 

decrease we observed at 6 h may have also been due to blood dilution, but more likely as 

the result of increased hydration following initial colostrum consumption. Some of the 

decrease may also be due to increasing white blood cell count, resulting in a lower 

relative proportion of red blood cells. The decrease in RBC has also been attributed to 

increased plasma volume by osmosis after the absorption of colostral proteins as well as 

decreased production and life spans of RBC (Becht and Semrad, 1985; Aoki and Ishii, 

2012). Similar results for hematocrit, hemoglobin, and RBC were reported for neonatal 

donkeys, pony foals, and thoroughbred foals, although sampling occurred less frequently 

in those studies (Sato et al., 1979; Harvey et al., 1984; Veronesi et al., 2014). 

There was an effect of year (P = 0.02) and hour (P < 0.001) for WBC in which 

across all years, counts increased from 0 to 12 h (P ≤ 0.01), and then decreased (P = 

0.01) from 12 to 24 h with no difference (P ≥ 0.23) from 24 to 72 h of age (Figure 3.6). 

The effect of year could be due to differences in immune response to the environment 

between years. There is disagreement within research in neonatal donkeys were no 

changes in white blood cells occurred during the first 3 d of life for Martin Franca donkey 

foals, but Amiata donkey foals had a similar pattern to foals in the current study with 

decreased WBC at birth followed by an increase as the foal ages (Sgorbini et al., 2013; 

Veronesi et al., 2014). This difference may be explained by breed differences or  
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differences in management, however the increase is likely initially due to a cortisol surge 

at birth and then later from the production of bone marrow from exposure to the foaling 

environment (Sgorbini et al., 2013).  

There was no effect of hour (P = 0.77) for MCH (Figure 3.7) which is in 

agreement with other research on neonatal foals during the first week of life (Waelchli et 

al., 1994). Mean corpuscular volume (Figure 3.7) was greater (P ≤ 0.02) at 0 h than 24, 

48, and 72 h of age. There was greater (P ≤ 0.05) MCHC (Figure 3.7) at 24, 48, and 72 h 

than at 0 and 12 h. Research on changes in MCH, MCV and MCHC have been conducted 

in neonatal donkeys; however, these values were greater than in horse foals leading to the 

conclusion that many blood chemistry parameters differ between horses and donkeys 

(Veronesi et al., 2014).  

Platelet count (Figure 3.6) decreased (P ≤ 0.01) from 0 to 6 h and from 12 to 24 h. 

At 48 and 72 h, platelet count was not different (P ≥ 0.06) from any other sampling time. 

Platelet counts in neonatal foals have been previously reported to not differ from mature 

horses (Sato et al., 1979; Clemmons et al., 1984). Platelet counts in neonatal donkey did 

not change during the first week of life, however, the limited early sampling time may 

mean that a decreases during the first day may not have been evident (Veronesi et al., 

2014).  

Peripartum Mare Metabolites 

 Limited research has been conducted to characterize changes of circulating 

metabolites in mares during the peripartum period. One study in Standardbred mares 

compared metabolites 1 wk prior to foaling, at parturition, and 1 wk after foaling with 

differences reported at these sampling times (Mariella et al., 2014). A second study in 
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draft mares also reported changes as early as 4 wk pre- and post- foaling (Aoki and Ishii, 

2012).  

In the present study, there was an effect of year (P < 0.001) and hour (P < 0.001) 

for all mare metabolites measured; however, there were no interactions of year and hour 

(P ≥ 0.22) (Figure 3.8). This lack of interaction indicates that an effect of year is likely a 

result of differences in peripartum diets across the 3 yr. This indicates that changes may 

occur during the 2 d before and 3 d after foaling with the sampling times selected in our 

research providing a narrower timeframe to demonstrate these differences than those 

previously reported in other breeds. The present study has a wide range in mare age 

which we do not believe to be impacted any results. This is supported by previous 

research in Arabian mares demonstrating that biochemical parameters have minimal 

variation with age in mares older than 6 yr of age (Gurgoze and Icen, 2010).  

 Maternal plasma glucose concentration peaked (P < 0.001) at 0 h when compared 

to all other sampling times, with glucose at 48 and 72 h less than (P ≤ 0.03) pre-foaling 

and 12 h. This is in agreement with other equine studies where glucose concentration 

increased at time of parturition (Aoki and Ishii, 2012; Mariella et al., 2014). This has 

previously been attributed to increased cortisol associated with the physiological stress of 

parturition (Vivrette, 1994; Mariella et al., 2014). Increased cortisol antagonizes the 

action of insulin causing a state of insulin resistance, which may explain the elevated 

glucose at parturition (Kaneko et al., 2008).  

Maternal serum BUN was greatest (P ≤ 0.002) at 24 h postpartum, with pre-

foaling and 0 h concentrations less (P ≤ 0.02) than at 12 to 72 h. This contradicts studies 

in other peripartum mares in which no change in BUN was detected; however, both 
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studies evaluated only 1 sampling time point within a week of foaling (Aoki and Ishii, 

2012; Hura et al., 2017). In draft mares, there was an increase in total protein, albumin, 

and globulin at 1 h postpartum (Aoki and Ishii, 2012), however, these metabolites were 

not measured in the present study to confirm if the same trend occurred. Some research 

suggests that the changes in metabolism are related to renal function, however, other 

researchers contradict this with the reasoning that kidney function is 50% greater in 

pregnant women when compared to nonpregnant (Lockitch and Gamer, 1997; Aoki and 

Ishii, 2012; Mariella et al., 2014). More research is needed to determine the biological 

significance of peripartum BUN changes in mares especially as it has been demonstrated 

that lower peripartum BUN is related to a decreased fertility at time of foal heat possibly 

because of lower nutritional plane (Aoki et al., 2013b). In our study there was an effect of 

year (P = 0.02) for BUN across the 3 yr of data collection with the overall pattern being 

similar between years. Because the protein concentrations of hay offered were varied 

between type of hay and year, this explains that year affect as well as the increased BUN 

noted when forage was switched to alfalfa postpartum, which has a greater amount of 

crude protein (Table 3.1).  

Maternal serum NEFA increased (P ≤ 0.02) from pre-foaling to 0 h postpartum 

and decreased (P ≤ 0.01) from 0 to 6 h. There were no differences (P ≥ 0.35) between 0, 

12, 24, 48, and 72 h postpartum. There was an effect of year (P = 0.008), however, the 

same trend occurred across all 3 yr at different concentrations. Circulating NEFA 

increases as stored energy is mobilized from adipose tissue during periods of negative 

energy balance (Hura et al., 2017). In peripartum draft mares, changes in NEFA were not 

identified but, in that study, sampling occurred at 1 h, and 24 to 48 h postpartum which 
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would therefore skip the 6 h time point at which we observed a difference (Aoki and 

Ishii, 2012). The decrease in NEFA at 6 h in the present study has not been demonstrated 

in other studies and is not well understood. Elevated NEFA concentrations did not occur 

in the present study, suggesting that mares did not mobilize adipose tissue reserves during 

parturition or that the sampling period was not long enough for these changes to have 

occurred because of a delayed response. This observation is further supported by the 

observed increase in glucose concentration at 0 h, further suggesting that a negative 

energy balance did not occur. One study conducted in Lipizzaner mares observed a peak 

in NEFA at foaling compared to sampling conducted a week pre- and post-foaling (Hura 

et al., 2017). The differences in results between studies may be explained by different 

rations fed to late gestation mares as well as breed differences. The effect of year in our 

research would support this as the differences are likely due to variation in forages fed 

between years. 

 

CONCLUSION 

 The results of this study are in agreement with previous research indicating that 

the concentrations of circulating metabolites in neonates change over time. The additional 

early sampling provided in this study suggests that these changes occur as soon as 6 h 

postnatally and continue through 72 h of age for many metabolites. Timing of sampling 

therefore matters when interpreting results for determining abnormal foal health and 

establishing laboratory reference intervals in a clinical and research setting. The timing 

and quantity of colostrum intake likely impacts normal metabolic changes and further 

research needs done to determine how delayed colostral intake alters normal baseline 
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metabolite concentrations. Maternal metabolite concentrations also change during the 

peripartum period, likely in association with hormonal changes and energy expenditure at 

time of foaling. Further research is necessary to determine the correlation between 

neonatal and maternal metabolites at the time of foaling. 
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Table 3.1. Nutrient composition of forage and concentrate fed to mares during 

peripartum period in 3 yr study 

Item Yr 1 Yr 2 Yr 3 

Fescue-free hay1, DM % 87.2 88.2 --- 

DM basis    

     CP, % 8.1 12.3 --- 

     NDF, % 65.2 63.9 --- 

     ADF, % 36.0 38.1 --- 

     Ash, % 6.8 6.9 --- 

    

Alfalfa mix hay2, DM % 88.8 88.8 86.9 

DM basis    

     CP, % 16.5 20.1 17.3 

     NDF, % 51.9 52.6 56.0 

     ADF, % 32.0 37.6 46.1 

     Ash, % 9.4 8.1 9.7 

    

Concentrate 13, DM % 87.8 86.4 89.0 

DM basis    

     CP, % 15.3 17.7 16.5 

     NDF, % 37.2 38.7 44.5 

     ADF, % 15.8 19.2 26.3 

     Ash, % 10.7 7.0 10.8 

    

Concentrate 24, DM % 88.2 89.4 --- 

DM basis    

     CP, % 15.0 16.3 --- 

     NDF, % 42.6 41.4 --- 

     ADF, % 24.7 49.2 --- 

     Ash, % 8.7 8.9 --- 
1 Fescue-free mixed grass was fed during late gestation in yr 1 and 2. Due to hay 

shortage in the area, no fescue-free mixed grass hay was fed during yr 3 and all mares 

were fed an alfalfa mix hay during late gestation and through the end of sampling 

period. 
2 Mares with BCS < 5.5 in late gestation (2 and 1 mares, in yr 1 and 2, respectively) 

were offered alfalfa mix hay in addition to fescue-free hay. All mares were fed soaked 

alfalfa hay immediately post-foaling until initial defecation and then fed dry alfalfa hay 

until end of sampling period as part of routine farm protocols. 
3 Mares were fed individually approximately 0.75% of BW, with all mares being 

offered a minimum of 0.5 kg concentrate twice a day. 
4 One mare in yr 1 and 2 would not consume Concentrate 1. This mare was not 

included in yr 3 because of early pregnancy loss but was kept in analysis for yr 1 and 2 

due to similarities of diets. 
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Table 3.2. Description of foaling parameters and neonatal size for foals born over 3-yr study  

Item n Mean SD Minimum Maximum 

Time duration, min      

Water break to foaling 16 11.4 5.7 3.0 23.0 

Foaling to standing1 16 38.2 17.5 14.0 80.0 

Foaling to suckling1 15 112.7 81.7 49.0 336.0 

Foaling to placenta expulsion2 15 80.2 46.8 19.0 206.0 

Colostrum Refractometer Score, 

% Brix 
16 27.8 4.1 21.0 35.0 

Placental weight, kg 15 4.9 0.8 3.6 6.1 

Foal Size3      

     Birth weight, kg 15 54.7 7.0 42.2 65.8 

     Heart girth, cm 15 82.8 3.8 75.5 89.5 

     Body length, cm 15 71.6 10.0 54.0 84.0 

     Withers to tailhead length, cm 15 62.3 14.0 49.5 88.5 

     Poll to withers length, cm 15 39.4 6.9 32.0 56.5 

     Cannon length, cm 15 18.8 2.6 15.9 25.0 

     Cannon circumference, cm 15 12.5 1.1 11.0 14.5 
1 Average with outlier excluded = 35.4 min for standing, and 96.7 min for suckling; foal was not 

an outlier for circulating metabolites and kept in dataset. 
2 One mare was excluded from all placental analysis due to a retained placenta  
3 n = 11 fillies; n = 5 colts 
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Figure 3.1. Effect of hour on serum energy metabolites including glucose (Panel A), 

triglyceride (TG; Panel B), and non-esterified fatty acids (NEFA; Panel C) of neonatal 

foals during the first 72 h of life. Least square means ± SEM are presented for each 

sampling time period (n = 15 for 0 h sampling; n = 16 for other sampling times over a 3-

yr study). abcde Means differ (P ≤ 0.05) across hours. 
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Figure 3.2. Effect of hour on serum protein metabolites including blood urea nitrogen 

(BUN, Panel A), creatinine (Panel B), total protein (Panel C), globulin (Panel D), and 

albumin (Panel E) of neonatal foals during the first 72 h of life. Least square means ± 

SEM are presented for each sampling time period (n = 15 for 0 h sampling; n = 16 for 

other sampling times over a 3 yr study). abcdef Means differ (P ≤ 0.05) across hours. 
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Figure 3.3. Effect of hour on serum electrolytes including sodium (Panel A), calcium 

(Panel B), chloride (Panel C), phosphorous (Panel D), potassium (Panel E), and 

magnesium (Panel F) of neonatal foals during the first 72 h of life. Least square means ± 

SEM are presented for each sampling time period (n = 15 for 0 h sampling; n = 16 for 

other sampling times over a 3 yr study). abcde Means differ (P ≤ 0.05) across hours. 

 

 



94 
 

 

 
 

Figure 3.4. Effect of hour on serum metabolic enzymes including aspartate 

aminotransferase (AST; Panel A), gamma-glutamyl transpeptidase (GGT; Panel B), and 

creatine kinase (CK; Panel C) of neonatal foals during the first 72 h of life. Least square 

means ± SEM are presented for each sampling time period (n = 15 for 0 h sampling; n = 

16 for other sampling times over a 3 yr study). abcde Means differ (P ≤ 0.05) across hours. 
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Figure 3.5. Effect of hour on serum bicarbonate (Panel A), anion gap (Panel B), direct 

bilirubin (Panel C), and total bilirubin (Panel D) of neonatal foals during the first 72 h of 

life. Least square means ± SEM are presented for each sampling time period (n = 15 for 0 

h sampling; n = 16 for other sampling times over a 3 yr study). abcd Means differ (P ≤ 

0.05) across hours. 
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Figure 3.6. Effect of hour on red blood cell count (RBC; Panel A), white blood cell count 

(WBC; Panel B), hematocrit (Panel C), and hemoglobin (Panel D) of neonatal foals 

during the first 72 h of life. Least square means ± SEM are presented for each sampling 

time period (n = 15 for 0 h sampling; n = 16 for other sampling times over a 3 yr study). 
abc Means differ (P ≤ 0.05) across hours. 
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Figure 3.7. Effect of hour on mean corpuscular hemoglobin (MCH; Panel A), mean 

corpuscular volume (MCV; Panel B), platelet count (Panel C), and mean corpuscular 

hemoglobin concentration (Panel D) of neonatal foals during the first 72 h of life. Least 

square means ± SEM are presented for each sampling time period (n = 15 for 0 h 

sampling; n = 16 for other sampling times over a 3 yr study). abcd Means differ (P ≤ 0.05) 

across hours. 
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Figure 3.8. Effect of hour on plasma glucose (Panel A), serum blood urea nitrogen (BUN; 

Panel B) and serum non-esterified fatty acids (NEFA; Panel C) of peripartum mares from 

pre-foaling (-32 h ± 20.8 [SD]) to 72 h postpartum. Least square means ± SEM are 

presented for each sampling time period (n = 15 for pre-foaling and 0 h sampling times; n 

= 16 for other sampling times over a 3 yr study). abcd Means differ (P ≤ 0.05) across 

hours. 
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CHAPTER 4 

FACTORS AFFECTING PERIPARTUM MATERNAL LOCOMOTION 

BEHAVIOR IN BEEF COWS AND HEIFERS 

 

ABSTRACT 

Our objective was to determine changes in locomotor activity of beef dams during 

the final 72 h prepartum. In Exp. 1, a 2-yr study with spring-calving multiparous cows (n 

= 34 and 27 for yr 1 and 2, respectively) was conducted to determine if changes in 

activity near parturition were detectable. In Exp. 2, both primiparous and multiparous 

dams (n = 13 and 21, respectively) were monitored during 1 spring-calving seasons to 

determine if there was an effect of parity on pre-calving behaviors. In Exp. 3, a fall-

calving study (n = 33 multiparous dams) was conducted to determine if behavioral 

patterns were similar to those noted in spring-calving herds. For all studies, IceQube 

activity monitors (iceRobotics, Edinburgh, UK) were placed (≥ 3 d prepartum) above the 

left hind fetlock of pregnant dams. Cows that were moved outside of their normal 

patterns during the 72 h prepartum were removed from the dataset. Cows were housed in 

18 x 61 m drylots during calving and allowed ad libitum access to hay or haylage. Each 

cow’s motion index, standing time, lying time, step count, and number of lying bouts 

were summed per hour, where h 0 was defined as time of parturition (± 30 min). Data 

were analyzed by day (d -3 to d -1 prepartum), by 6-h period during the final 24 h 

prepartum, and by hour during the final 6 h prepartum using a mixed model. Exp. 1 and 3 

had the fixed effect of time prepartum, with year included as a fixed effect in Exp. 1. 
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Fixed effects of time prepartum, parity, and their interaction were included in the model 

for Exp. 2. In all 3 experiments, motion index, standing time, step count, and number of 

lying bouts were greater (P < 0.001) on d -1 compared with d -2 and -3 prepartum. In the 

24 h prepartum, dams had greater (P < 0.01) motion index, standing time, step count, and 

number of lying bouts during 6 h preceding parturition compared with -11 to -6 h. Motion 

index, step count, and lying bouts changed (P ≤ 0.02) during the last 6 h. During the last 

6 h, there was no effect of hour (P ≥ 0.09) for standing or lying time. For day and 6-h 

period analysis, there was an interaction of parity x time (P = 0.02) in Exp. 2, where 

primiparous dams had more (P = 0.01) lying bouts than multiparous dams during the last 

d. Despite this, there was no effect of parity (P ≥ 0.22) when the last 6 h were analyzed. 

Fall-calving cow (Exp. 3) behavioral changes were similar to changes observed in spring-

calving dams. These data suggest that locomotive activities change over time prior to 

calving with similar patterns detected despite calving season, and with few differences 

occurring between primiparous and multiparous beef dam. Electronic activity monitors 

may therefore be used to recognize the earliest signs of parturition in beef cattle.  

 

INTRODUCTION 

In 2010, 20.9% of non-predator beef calf pre-weaning death loss was due to 

calving problems (USDA-APHIS, 2010). Individual monitoring of dams is required to 

identify calving difficulties as early as possible, allowing for human intervention to 

minimize the negative impacts of dystocia and prolonged calving on calf survival 

(Jensen, 2012). Monitoring of individual animals is labor intensive and can have 

substantial economic costs. Remote detection of calving in a herd setting through 
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prediction technology could reduce calf mortality caused by dystocia (Saint-Dizier and 

Chastant-Maillard, 2015). While more of this research has been conducted in dairy cattle, 

beef producers would also benefit from this technology if it was economical, required 

minimal additional animal handling, was useful in large herd settings, and allowed for a 

diverse array of housing dependent upon operation type. 

 Behavioral monitoring using accelerometers and pedometers has been used in the 

dairy industry for health and estrus detection, allowing for the observation of behavior on 

multiple cows without the need to physically observe each animal individually 

(Fogsgaard et al., 2015; Tsai, 2017; Finney et al., 2018). These devices can be left on for 

long periods of time, making timing of application and removal more flexible, as well as 

decreasing the amount of handling required near calving. Commercially available 

accelerometers devices such as IceTag and IceQube products (IceRobotics, Ltd., 

Edinburgh, Scotland) have been well validated in dairy cattle (Nielsen et al., 2010), 

where use of this technology for early recognition of parturition is being explored 

(Huzzey et al., 2005; Miedema et al., 2011b; Borchers et al., 2017). These studies 

indicate that increased activity prepartum can be useful in detecting calving in dairy 

cattle. Use of accelerometers in beef cattle has been limited to health monitoring in a 

feedlot setting as well as during terminal marketing and during beta-agonist feeding 

periods for early detection of morbidity (Lawrence and Richeson, 2014; Reed, 2015; 

Pillen, 2016; Richeson et al., 2018).  

Behavioral activity is likely influenced by many factors including housing, season 

and environment (Brzozowska et al., 2014). Recent data reported a difference in activity 

levels is also detectable between primiparous and multiparous dairy cows (Titler et al., 
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2015). A study examining behavior during stage 1 of labor in beef dams, reported 

increased restlessness (characterized through pawing, vocalization, tail swishing) in 

heifers (Wehrend et al., 2006). This suggests that behavioral differences associated with 

parity may impact use of electronic activity monitoring, but to our knowledge, locomotor 

activity near calving and factors affecting it have not been studied in beef cattle.  

We hypothesized that both multiparous and primiparous beef dams would have 

increased activity close to calving, with primiparous dams being more active near 

parturition. Our specific objectives were to determine prepartum changes in behavior in 

spring- and fall-calving cows, as well as differences between behavior of primiparous and 

multiparous dams in the final 3 d, 24 h, and 6 h prepartum. 

 

MATERIALS AND METHODS 

 The University of Missouri Animal Care and Use Committee approved animal 

care and use in this study. 

Gestating Animal Management 

All Experiments. During calving, all dams were house in well-drained 18 x 61 m 

drylots with limestone-based footing (Figure 4.1). Cows were fed ad libitum access to 

hay or haylage in round bale feeders located on 9.1 x 9.1 m concrete pads to prevent mud 

accumulations around the feeders. Automatic waterers were located at the front of pens 

near feed bunks. Sheds were kept closed to animals unless individuals were moved due to 

inclement weather during spring-calving (Exp. 1 and 2) or set with raised gates to allow 

calves access to shade to prevent heat stress during fall-calving (Exp. 3). 
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Experiment 1. A 2-yr study was conducted using multiparous, spring-calving, 

Sim-Angus crossbred beefs cows (yr 1: n = 56 [all dams monitored], initial BW 640 ± 

150 kg [SD throughout], initial BCS 5.6 ± 0.7, parity = 4.4 ± 1.3; yr 2: n = 56 [all dams 

monitored], initial BW 661 ± 75 kg, initial BCS 5.3 ± 0.5, parity = 4.7 ± 2.5) during late 

gestation at the University of Missouri Beef Research and Teaching Farm. The calving 

season was 79 d beginning January 31, 2015 in yr 1 and 44 d beginning on February 2, 

2016 in yr 2. As part of a forage system study, cows were allocated to either strip-graze 

endophyte-infected stockpiled tall fescue or receive endophyte-infected tall fescue hay in 

drylots during late gestation. Cows were kept within the same treatment groups, but cows 

grazing stockpiled tall fescue were moved to additional drylots adjacent to cows 

receiving hay for observation during calving and fed harvested forage. Dams were 

penned in groups of 8 to 10 animals based on previous treatments.  

Experiment 2. Spring-calving Sim-Angus crossbred beef females (n = 23 

primiparous [all dams monitored], BW 553 ± 9 kg, BCS 5.0 ± 0.1, parity 1 ± 0; n = 65 

multiparous [all dams monitored], BW 671 ± 9 kg, BCS 5.2 ± 0.1, parity 4.6 ± 0.4) were 

moved to 6 drylots for observation during calving 6.7 ± 3.0 d prior to calving. The period 

of calving monitoring was 15 d beginning on January 28, 2017. Dams were penned in 

groups of 12 to 15 animals by prior management group (parity 1 and 2 vs. parity ≥ 3). 

Animals were allowed ad libitum access to endophyte-infected tall fescue and fed 1.0 kg 

DM/d of dried distillers grains with solubles at approximately 1700 h daily.  

Experiment 3. Fall-calving Sim-Angus crossbred beef females (n = 45 [all dams 

monitored]; BW = 704 ± 12 kg, BCS 5.5 ± 0.1, parity 3.4 ± 0.2) were moved to 6 drylots 

for observation 17.5 ± 1.2 d prior to calving following individual feeding in a Calan gate 
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system. Dams were assigned to pens in groups of 10 to 12 animals. The calving season 

was 36 d beginning on September 7, 2017. Animals were allowed ad libitum access to 

endophyte-infected tall fescue hay at approximately 1700 h daily.  

Calving Management and Data Collection 

One IceQube activity monitor (iceRobotics, Edinburgh, UK) was placed above 

the left hind fetlock of each pregnant dam per manufacturer instructions on 44.3 ± 21.7 d 

in year 1 and 41.0 ± 1.7 d prior to calving in year 2 of Exp 1. IceQube activity monitors 

were placed on dams 6.7 ± 0.3 d and 34.4 ± 0.9 d prior to calving in Exp. 2 and 3, 

respectively. These accelerometers are attached to the left hind leg of all animals and 

consist of 3-axis detection, the ability to continuously log data, and summarize it into 

specified increments of time (Richeson et al., 2018). These locomotion devices have been 

validated for accuracy against video monitoring in late gestation dairy cows by other 

groups (Mattachini et al., 2013; Borchers et al., 2016).  

Calving pens were well-lit, and lights were kept on during all or most of the night 

(depending on night calving density and experiment) to allow for observation of calving. 

Personnel monitored cows and heifers for physical signs of labor at least once per hour 

from 0600 h to 2400 h in each study, with additional monitoring between 0000 and 0600 

h during heavy calving. Cows were then monitored continuously from the time of visible 

evidence of stage 2 parturition (presence of amniotic membranes or calf feet), and actual 

time of birth was recorded for each calf. Minimal human interference occurred during 

parturition except to assess or assist as needed if there were concerns of dystocia. No 

animals with dystocia requiring assistance were included in the dataset. 



105 
 

Data were excluded from cows that calved prior to IceQube placement or with 

unknown calving times, resulting in the numbers and animals described in Table 4.1. 

Data from an individual day were removed for cows moved outside of their normal 

patterns during the final 72 h prepartum. Movement outside normal patterns constituted 

cows that left pens during due to movement to a chute for other data collection, 

rearranging of pens, or relocation to an enclosed pen if calving during inclement weather 

(Exp. 1 or 2). Animals included in analysis for Exp. 1, 2, and 3 are described in Table 

4.1. 

IceQube activity monitors were removed ≥ 2 d postpartum. IceManager 2012 

software (iceRobotics, Edinburgh, United Kingdom) was used to obtain and sum each 

cow and heifer’s motion index, standing time, lying time, step count, and number of lying 

bouts per hour, then exported to an Excel spreadsheet (Microsoft Corp., Redmond, WA). 

Motion index was calculated by the IceManager software using a proprietary algorithm. 

Hour 0 was defined as the hour in which parturition occurred (± 30 min), and all other 

times prepartum were based on this point. 

Statistical Analysis 

Data were analyzed using the MIXED procedure of SAS 9.4 (SAS Inst. Inc., 

Cary, NC) in 3 separate analyses for each experiment: by day during the final 72-h 

prepartum (d -3, -2, and -1), by 6-h period during the final 24 h prepartum (h -23 to -18, h 

-17 to -12, h -11 to -6, and h -5 to 0), and by hour during the final 6 h prepartum (h -5, -4, 

-3, -2, -1, and 0). For Exp. 1, the fixed effects of time prepartum and year were included 

in the model. The fixed effects of time prepartum, parity, and their interaction were 

included in the model for Exp. 2. For Exp. 3, the fixed effect was time prepartum was 
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included in the model. Animal was the experimental unit for all experiments. Time 

prepartum was considered a repeated effect for all models, and the best-fit covariance 

structure (chosen from compound symmetry, heterogeneous compound symmetry, 

autoregressive, and heterogeneous autoregressive) was used for all analyses. Least 

squares means were separated using least significant difference and considered 

significant when P ≤ 0.05. Main effects and interactions were reported when P ≤ 0.05 

with tendencies considered when P ≤ 0.10. In the absence of interactions, main effects of 

time and parity are reported for Exp. 2. 

 

RESULTS 

Final 72 h Prepartum 

 In spring-calving multiparous dams (Exp. 1), motion index was greater (P < 

0.001) on d -1 than d -2 and -3 (Table 4.2). Dams spent greater (P ≤ 0.001) time standing 

on d -1 than d -2 or -3. Because standing and lying are inversely related, dams spent less 

time (P ≤ 0.001) time lying on d -1 than d -2 or -3. Step count was also increased (P ≤ 

0.001) on d -1 when compared to d -2 or -3. There were no differences (P ≥ 0.1) during 

the last 2 d prior to calving for any measures of activity. In Exp. 1, there was an effect of 

year (P = 0.03) for step count but not for the other parameters (P ≥ 0.39).  

The same changes in activity were observed in fall-calving multiparous dams 

(Exp. 3) for all parameters (P < 0.001), with the day prior to calving being different than 

d -2 and -3 (Table 4.3). 

 In Exp. 2, the interaction of day x parity did not affect (P > 0.81) motion index, 

standing time, lying time, or step count (Table 4.4). The interaction of day x parity 
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affected (P = 0.002) lying bouts. Both primiparous and multiparous dams had a greater (P 

≤ 0.001) number of lying bouts on d -1 compared with d -2 and -3. Within d -1, 

primiparous dams had more (P = 0.02) lying bouts than multiparous dams. Parity did not 

affect (P > 0.52) motion index, standing and lying time, or step count. There was an 

effect of day (P <0.001) for all other parameters. Motion index, standing time, and step 

count were greater (P < 0.001) on d -1 than d -2 and -3, with a decrease (P < 0.001) in 

lying time on the d prior to calving.  

Final 24 h Prepartum 

 In spring-calving multiparous dams (Exp. 1), there was an increase (P < 0.001) in 

motion index and step count during the last 6 h prepartum (Table 4.5). Standing time was 

greater (P ≤ 0.01) during the -23 to -18 h and -5 to 0 h periods than during the -11 to -6 h 

period, with lying time being the inverse. Lying bouts during the final 24 h increased (P 

< 0.001) during the -18 to -13 h period and again during the final 6-h period. There was 

an effect of year (P ≤ 0.02) for all parameters except step count (P = 0.22).  

In fall-calving multiparous dams (Exp. 3), step count tended to increase (P = 0.06) 

during the -11 to -6 h time period, and both motion index and step count increased (P < 

0.001) during the last 6 h prepartum (Table 4.6). Standing time was greater (P < 0.001) 

from -5 to 0 h than -11 to -6 h time period, however, neither was different (P ≥ 0.06) 

from -23 to -18 and -17 to -12 h periods. The same was true for lying time, with -5 to 0 h 

less (P < 0.001) than -11 to -6 h. Lying bout number increased (P < 0.001) during both 

the -11 to -6 h and -5 to 0 h time periods, with -11 to -6 h not different (P = 0.13) from -

23 to -18 h. 
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 The interaction of hour x parity did not affect (P ≥ 0.19) motion index, standing 

time, lying time, or step count when analyzed by 6-h periods during the final 24 h of Exp. 

3 (Table 4.7). There was an interaction of hour x parity for lying bouts with a greater (P < 

0.001) number of lying bouts in primiparous dams than multiparous dams during the -11 

to -6 h period. Lying bouts increased (P < 0.001) during the last time 6-h period when 

compared the previous 18 h for both primiparous and multiparous dams. Parity did not 

affect (P ≥ 0.35) motion index, standing time, lying time, or number of steps. There was 

an effect of hour (P ≤ 0.01) on all parameters. Motion index and step count were greater 

(P ≤ 0.001) during the final 6 h prepartum than the previous 6-h periods. Time spent 

standing was decreased (P ≤ 0.002) during the -11 to -6 h period when compared to -23 

to -18 h and -5 to 0 h periods. Time spent lying worked inversely of time spent standing 

and was less (P = 0.002) during the second to last 6-h period.  

Final 6 h Prepartum 

 In spring-calving multiparous dams (Exp. 1), there was an effect of hour (P ≤ 

0.001) for motion index, step count, and lying bouts during the final 6 h prepartum (Table 

4.8). Motion index increased (P = 0.002) at -3 h and again at -1 h prior to calving. Step 

count was greater (P = 0.001) during the last 4 h, with -1 h having a greater (P ≤ 0.05) 

number of steps taken then -3 to 0 h relative to calving. Lying bouts increased (P ≤ 

0.001) from -5 h to -3 h, - 2 to -1 h, again from -1 to 0 h relative to calving. The number 

of lying bouts more than doubled (P < 0.001) from -2 to -1 h and increased (P = 0.001) 

during the hour in which calving occurred. There tended to be an effect of hour (P = 

0.09) for standing and lying time, with greater (P = 0.02) time spent standing at -2 h 
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compared to -5, -4, -3 and 0 h relative to calving. There was an effect of year (P ≤ 0.009) 

for all parameters except lying bouts (P = 0.57).  

In fall-calving multiparous dams (Exp. 3), motion index increased (P = 0.001) 

from -5 to -4 h (Table 4.9). Unlike the spring-calving cows in Exp. 1, there was no effect 

of hour (P = 0.54) for standing and lying time in the fall-calving herd. Step count was 

greater (P = 0.02) from -3 to 0 h than -5  h relative to calving with no difference (P ≥ 

0.06) between the last 4 h. Lying bouts for fall-calving dams were greater (P < 0.001) at -

1 and 0 h relative to calving than other hours and doubled (P < 0.001) from -2 to -1 h 

prior to calving. 

 There was no interaction of day x parity (P > 0.61) or effect of parity (P > 0.29) 

for any variable during the final 6 h prior to parturition in Exp. 2 (Table 4.10). There was 

an effect of hour (P < 0.001) on motion index, step count, and lying bouts. Motion index 

was greater (P ≤ 0.001) during -2, -1 and 0 h prepartum compared to -5, -4, and -3 h with 

no difference (P ≥ 0.33) among the last 3 h prior to calving. Steps were greater (P ≤ 

0.001) during -1 and -2 h than -3, -4 and -5 h, with no difference (P ≥ 0.06) between the 

last 3 h prior to calving. Lying bouts increased (P ≤ 0.001) from -4 to -3 h, -3 to -2 h, and 

doubled from -2 to -1 h with -1 h not different (P = 0.50) from 0 h relative to calving. 

There tended to be an effect of hour (P = 0.08) for standing and lying time, where greater 

(P = 0.02) time was spent lying at 0 h prior to calving when compares to -2 and -4 h. 

There were no differences (P ≥ 0.06) between -5, -4, -3, and -2 h or between -1 and 0 h 

relative to calving in standing or lying time. 
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DISCUSSION 

An understanding of how maternal activity changes near parturition may enable 

use of quantitative behavioral changes to predict time of calving, rather than qualitative 

behavioral monitoring alone. While previous research has indicated that these behavioral 

changes are useful for calving prediction in dairy cattle, this the first study to examine 

this in beef dams. The results of this study suggest that electronic activity monitors could 

be used to recognize early signs of parturition in beef cattle because changes in activity 

can be observed during the last 6 h prepartum in both multiparous and primiparous beef 

dams, as well as both spring-calving and fall-calving herds. The results of these studies 

indicate that future research using locomotion behavior in beef dams could be explored 

for the creation of calving prediction technologies and other parameters that may 

influence changes detected such as enclosure size and calving environments. 

Locomotion Changes at Calving 

 In dairy cattle, an 80% increase in standing activity during the 24 h prior to 

calving occurred during the peripartum period (defined as 24 h pre- and post-calving) 

compared to the preceding days, indicating than animals spent less time lying down 

(Huzzey et al., 2005). This increase in standing time was also reported on the last day, 

during the 24 h prior and 12 h prior to calving (Huzzey et al., 2005; Titler et al., 2015; 

Borchers et al., 2017). Across the 3 experiments in our studies, more time was spent lying 

at -11 to -6 h period compared to the last 6-h period, regardless of parity or calving 

season. This agrees with previous dairy cow data where less time was spent lying during 

the last 6 h and 2 h periods (Miedema et al., 2011b; Borchers et al., 2017).  
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When comparing the last 6 h pre-calving, there was no effect of hour for standing 

and lying time during the last 6 h in Exp. 3, but there tended to be a difference in Exp. 1 

and 2 with an effect of year in Exp. 1. This suggests that standing and lying time during 

the last 6 h is likely sensitive to differences in season and dam temperament because a 

consistent change close to calving was not apparent. These parameters could still be 

helpful in determining when cows are near calving. 

 Recent research with dairy cattle has shown that electronic data loggers did not 

detect a change in steps during the 2 wk prior to calving (Borchers et al., 2017); however, 

an earlier dairy study reported an increase in number of steps within the 12 h immediately 

prior to calving (Titler et al., 2015). Our data demonstrate an increase in number of steps 

during the final day when compared with 3 and 2 d prior to calving, with an increase in 

step number more specifically occurring during the last 3 h prepartum. This increase in 

steps could be due to females walking while searching for a safe place to calve, seeking 

isolation from the herd, or pacing due to discomfort (Wehrend et al., 2006; Proudfoot et 

al., 2014). This increase may occur in small enough increments that previous research 

comparing individual days did not detect a difference, however, it may be useful in 

determining behavior differences within a few hours of calving. 

 In agreement with the current study, an increase in number of lying bouts within 

the final 24 h prepartum has been shown in dairy cattle using electronic data loggers 

(Miedema et al., 2011b; Titler et al., 2015; Borchers et al., 2017). Our study examined a 

smaller unit of time to report a significant increase during the last 6 h where 0 h relative 

to calving had the greatest number of lying bouts in Exp. 1 and 2. In fall-calving (Exp. 3) 

this increase still occurred but -1 and 0 h were not different. This difference between 
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season may have been to differences in dam temperament between seasons or because 

fall-calving dams were mildly heat stressed and therefore less active after finding a 

comfortable place to calf. Across all experiments, lying bouts more than double during 

the last 2 h, suggesting that this may be a good indicator of behavioral changes relative to 

calving. In Exp. 1, the number of lying bouts did not have an effect of year, unlike other 

parameters measured during the last 6 h prior to calving. This increase in frequency of 

standing and lying back down is another example of restlessness associated with earlier 

signs of labor (Owens et al., 1985; Wehrend et al., 2006). Therefore, lying bouts may be 

the most reliable parameter between calving studies across multiple years. Across all 4 

calving seasons in the 3 experiments, the number of lying bouts significantly increased at 

-2 h prior to calving.  

The motion index algorithm was developed by the IceQube proprietors to indicate 

the total amount of activity using a combination of variables where a greater numerical 

motion index indicates that cattle are more active. In the current study, the predominant 

increase in motion index occurred during the last 3 h prior to calving with this increase 

likely attributed to the activity of changing standing and lying status frequently as 

observed with the increase in number of lying bouts in addition to the number of steps 

taken. Motion index was summed by d in a dairy study with no difference during the last 

4 d of gestation, however, overall activity was increased on the d prior to calving when 

compared to a week prior (Borchers et al., 2017). This indicates that motion indexing 

may be capable of predicting changes in behavior by combining multiple motion 

variables that are necessary in the establishment of calving prediction and detection 
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technologies as used with research in dairy cattle (Titler et al., 2015; Borchers et al., 

2017). 

With our method of analysis, time of water breaking is included during data 

collection time sometime prior to the time of calf delivery. Initial calving related laying 

down behavior in cattle often begins as the calf enters the birth canal (Schuenemann et 

al., 2011). From an observational standpoint, many dams continue to be restless and 

frequently get up and down after water breaks. This discomfort behavior may be the 

behavioral changes detected immediately prior to calving. Future studies where time of 

water breaking or presence of amniotic membranes, and length of delivery time were 

observed may be useful is further determining the usefulness of lying bouts in calving 

detection. 

Parity Effects 

In dairy cows, primiparous dams spent less time standing during the final 24 h 

compares to multiparous dams (Titler et al., 2015). Additionally, primiparous dairy dams 

spent more of the final 2 h prepartum lying down compared with multiparous dams in 

another study (Miedema et al., 2011a). This was attributed to primiparous dams spending 

more time in labor and having more contractions during parturition (Miedema et al., 

2011a; Schuenemann et al., 2011). Other studies in dairy cows reported differences 

between parities with increased restlessness a week prior to calving in primiparous dams 

demonstrated by an increase in neck movement activity as well as more pawing and tail 

swishing (Wehrend et al., 2006; Borchers et al., 2017). While there was an effect of 

parity on multiple measurements of restlessness in dairy dams, few differences were 

noted standing or lying time prior to calving for dams on our study. The restlessness 
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attributed to primiparous dams may be evidenced in other variables for beef dams such as 

number of lying bouts. 

On the day prior to calving and during the final 6-h period prior to calving, 

primiparous dams had an increased number of lying bouts when compared with 

multiparous dams. This suggests that primiparous dams are more restless and change 

their activity from lying to standing more frequently resulting in shorter, more frequent 

lying bouts. When analyzing the last 6 h prior to calving, lying bouts increased for both 

primiparous and multiparous dams with the mean number of lying bouts more than 

doubled from h -2 to -1 relative to calving. This suggests that lying bouts may be a good 

tool for prediction of calving in beef females regardless of parity. This is similar to other 

studies that examined the effect of parity on calving behaviors in dairy dams where the 

number of lying bouts increased on the d prior to calving with no effect of parity (Jensen, 

2012; Borchers et al., 2017). Because these studies did not compare within the 24 h prior 

to calving, it is important to note that the algorithm created for calving detection in dairy 

dams may not be applicable to beef cattle where parity had an effect on lying bouts when 

comparing by day. 

There was no difference in motion index between multiparous and primiparous 

dams, suggesting that the increase in activity occurs independent of parity. This was 

similar to research done in dairy dams in regards to number of d prior to calving, 

however, an effect of parity was detected 4 h prior to calving which was attributed to 

discomfort at calving (Borchers et al., 2017). The difference in motion index between 

parities during these last 4 h cannot be interpreted because the algorithm is only known to 

the proprietors of the locomotion device technology. The creation of new algorithm 
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would be useful in making adjustments as further research is conducted and accounts for 

factors such as difference in beef and dairy cattle, environment, and parity. 

Consistency of Measures 

Similar trends were noted in behavior of both spring- and fall-calving multiparous 

dams in this study (Exp. 1 and Exp. 3). There were numerical differences for most 

parameters between the 2 studies which were likely due to differences in animal 

temperament, herd dynamics, weather, and feeding behavior. It is possible that as animals 

were used for multiple studies, they adapted to the presence of personnel walking through 

pens and became less active based on human activity. Because increases in locomotive 

behavior were observed at similar time points, we believe that season of calving has a 

limited role in altering the behavior changes noted with this study. 

Future research is necessary to determine if behavior would vary between calving 

environments. In all experiments, dams were housed in the same pens. A change in pen 

size may lead to difference herd dynamics and overall activity. There may also be 

differences based on location of shelters and with animals on pasture. This is supported 

by research in dairy dams where conflicting behavior changes were reported between 

studies where dams were moved maternity pens at the appearance of calf’s feet outside 

the vulva in one study and moved to maternity pens at least a d prior to calving in another 

study (Huzzey et al., 2005; Titler et al., 2015). In dairy cattle, the movement of animals at 

various stages of parturition has shown to have an effect on behavior of dams (Proudfoot 

et al., 2013). Because of this animals that moved outside of normal patterns for all 3 

experiments were not included so as to prevent any influence on overall calving behavior. 
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Behavioral Changes Prior to Calving 

From a herd monitoring standpoint, certain behaviors are known to indicate that 

an animal is nearing parturition, such as seeking isolation from the herd and restlessness 

including frequent and short bouts of lying down (Lidfors et al., 1994; Miedema et al., 

2011a). Some of these behaviors have been used to create caving prediction and detection 

technologies. This includes the development of sensors that attach to the tail of cows and 

heifers and detect prolonged periods of tail raising at time of calving (Miedema et al., 

2011a, b). These devices are not recommended to be left on for periods of more than 3 d 

which makes them less useful in larger herds where animals are handled infrequently. 

Changes in rumination and feed intake have also been reported in cattle near calving 

(Schirmann et al., 2013; Clark et al., 2015). Feeding activity may be useful in a research 

setting where animal intake is well monitored, however it may be less useful to producers 

that keep late gestation dams on pasture or feed in a herd setting. Changes in body 

temperature have also been associated with the onset of parturition and can be remotely 

detected using vaginal thermometers (Ewbank, 1963; Aoki et al., 2005; Burfeind et al., 

2011; Henningsen et al., 2017). This technology has already been implemented in both 

dairy and beef herds, however the retrieval of these devices requires knowledge of 

calving location which may not be useful for producers calving on pasture. 

In dairy cattle, attempts have been made to create an algorithm for calving 

prediction that combines multiple behavioral changes. One such algorithm took number 

of steps taken and amount of time spent lying on a daily basis into account using estrus 

detection leg bands to pinpoint the day prior to calving (Maltz and Antler, 2007). Due to 

large individual animal variability, researchers included a measure of restlessness by 
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setting a sensor to detect how frequently animals passed between halves of the barn. The 

combination of these 3 variables was able to more reliably detect changes in individual 

animal behavior during the last 3 d prior to calving (Maltz and Antler, 2007). Other 

algorithms have also used rumination time and neck activity in addition to the previous 3 

variables used (Borchers et al., 2017). Given the results of our study, beef cattle also 

experience changes in these activities during the last 3 d and similar algorithms may be 

applicable given a better understanding of beef dam behavior at calving. 

 

CONCLUSION 

In conclusion, the current study demonstrates that locomotor activity is elevated 

during the 24 h prior to calving in beef cattle. This increased activity was most notable 

during the final 3 h. The number of lying bouts has the most dramatic change during this 

time period and is unaltered by parity differences or calving season. This behavior 

frequently may be a key tool in predicting nearness of calving in beef dams. More 

research in this area may allow for development of methods for detecting calving via 

activity monitoring technology and machine learning thereby optimizing precision 

calving management by decreasing calf mortality or neonatal morbidity due to dystocia. 
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Figure 4.1. Calving pen layout for Exp. 1, 2, and 3  

feed bunk 
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Table 4.1. Description of beef dams included in analysis for locomotor activity during the 72 h 

prior to calving in 3 experiments1 

 Exp. 1 Exp. 2 Exp. 3 

Variable Year 1 Year 2 Primiparous Multiparous  

n 34 27 13 21 33 

Parity 4.9 ± 2.3 4.8 ± 2.1 1 ± 0 4.9 ± 8.2 3.4 ± 9.7 

Prepartum 

BW, kg 
682 ± 76 671 ± 31 552 ± 43 682 ± 60 708 ± 104 

BCS2 5.3 ± 0.6 5.3 ± 0.5 4.9 ± 0.4 5.3 ± 0.5 5.5 ± 0.7 

Gestation 

length, d 
284 ± 3.5 279 ± 3.1 277 ± 2.2 284 ± 2.7 284 ± 3.5 

Avg. calving 

date 
Feb. 21, 2015 Feb. 16, 2016 Feb. 5, 2017 Feb. 5, 2017 Sept. 19, 2017 

1Least square means ± SD are presented for each variable 
2 BCS evaluated on 1 to 9 scale (1 = emaciated, 9 = obese) 
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Table 4.2. Locomotor activity during the 72 h prior to calving in multiparous 

spring-calving beef cows (Exp. 1)1 

 Day  P-value 

Item -3 d -2 d -1 d2 SEM Day Year3 

Motion index 4,040b 3,871b 7,049a 417 <0.001 0.39 

Standing time, min 736.5b 752.5b 910.6a 16.8 <0.001 0.83 

Lying time, min 703.5a 687.5a 529.4b 16.8 <0.001 0.83 

Step count 980.4b 948.9b 1,725.3a 71.1 <0.001 0.03 

Lying bouts 10.4b 10.3b 21.9a 0.70 <0.001 0.82 
1 n = 34 and 27 in yr 1 and 2, respectively 
2 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual 

calving time 
3 Because data was collected over course of 2 studies (2015 and 2016), year was 

included in statistical model 
a,bWithin an item, means differ (P ≤ 0.05) 
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Table 4.3. Locomotor activity during the 72 h prior to calving in multiparous 

fall-calving beef cows (Exp. 3)1            

 Day  
 

Item -3 d -2 d -1 d2 SEM P-value 

Motion index 6,628b 6,594b 9,680a 581 <0.001 

Standing time, 

min 
712.4b 723.1b 911.9a 32.0 <0.001 

Lying time, min 727.7a 716.9a 528.1b 32.0 <0.001 

Step count 1,524b 1,528b 2,396a 158 <0.001 

Lying bouts 11.0b 10.6b 16.9a 0.92 <0.001 
1 n = 33 
2 Hour 0 is defined as the hour in which calving occurred and ± 30 min of 

actual calving time 
a,bWithin an item, main effect means differ (P ≤ 0.05). 
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Table 4.4. Locomotor activity during the 72 h prior to calving in primiparous and multiparous spring-

calving beef cows (Exp. 2) 
 Day  Parity  P-value 

Item -3 d -2 d -1 d1 SEM 12 ≥ 23 SEM Day Parity 
Day x 

Parity 

Motion index 5,842b 5,727b 8,344a 664 6,949 6,326 742 <0.001 0.52 0.23 

Standing 

time, min 
784.1b 780.7b 908.5a 18.4 843.1 805.8 20.9 <0.001 0.17 0.81 

Lying time, 

min 
655.9a 659.3a 531.5b 18.4 596.9 634.2 20.9 <0.001 0.17 0.81 

Step count 1,458b 1,434a 2,093a 151 1,720 1,604 171 <0.001 0.60 0.22 

Lying bouts - - - - - - - <0.001 0.02 0.002 

Primiparous 10.94y 9.54yz 24.62w 1.76 - - - - - - 

Multiparous 8.49z 9.33yz 19.10x 1.38 - - - - - - 
1 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual calving time 
2 Primiparous n = 13 
3 Multiparous n = 21 
a,bWithin an item, main effect means differ (P ≤ 0.05) 
x,y,zWithin an item, interactive means differ (P ≤ 0.05) 
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Table 4.5. Locomotor activity during the 24 h prior to calving in multiparous spring-

calving beef cows (Exp. 1)1       
 Time Period  P-value 

Item 
-23 to 

-18 h 

-17 to  

-12 h 

-11 to  

-6 h 

-5 to  

0 h2 SEM Hour Year3 

Motion index 1,359b 1,292b 1,460b 3,053a 179 <0.001 0.02 

Standing time, min 239.1a 224.5ab 211.5b 240.7a 9.7 0.01 0.01 

Lying time, min 120.9b 135.5ab 148.5a 119.3b 9.7 0.01 0.01 

Step count 326.5b 312.5b 357.2b 725.3a 69.5 <0.001 0.22 

Lying bouts 2.06c 3.39b 3.88b 12.42a 0.69 <0.001 0.002 
1 n = 34 and 27 in yr 1 and 2, respectively 
2 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual 

calving time 
3 Because data was collected over course of 2 studies (2015 and 2016), year was 

included in statistical model 
a,b,cWithin an item, main effect means differ (P ≤ 0.05). 
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Table 4.6. Locomotor activity during the 24 h prior to calving in multiparous fall-

calving beef cows (Exp. 3)1            

 Time Period   

Item 
-23 to  

-18 h 

-17 to  

-12 h 

-11 to  

-6 h 

-5 to  

0 h2 SEM P-value 

Motion index 2,130b 2,127b 1,959b 3,353a 289 <0.001 

Standing time, min 227.0ab 230.4ab 202.3b 248.6a 13.8 0.003 

Lying time, min 133.0ab 129.6ab 157.7a 111.4b 13.8 0.003 

Step count 505.5b 516.4b 493.1b 859.7a 77.7 <0.001 

Lying bouts 2.57bc 2.47c 3.14b 8.94a 0.68 <0.001 
1 n = 33 
2 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual 

calving time 
a,b,cWithin an item, main effect means differ (P ≤ 0.05). 
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Table 4.7. Locomotor activity during the 24 h prior to calving in primiparous and multiparous spring-calving 

beef cows (Exp. 2) 
 Time Period  Parity  P-value 

Item 
-23 to  

-18 h 

-17 to  

-12 h 

-11 to 

-6 h 

-5 to 

0 h1 SEM 12 ≥ 22 SEM Hour Parity 
Hour x 

Parity 

Motion index 1,699b 1,493b 1,368b 3,783a 368 2,187 1,985 194 <0.001 0.42 0.37 

Standing 

time, min 
239.4ab 211.8bc 202.7c 254.6a 11.8 231.5 222.8 7.3 0.01 0.35 0.19 

Lying time, 

min 
120.6bc 148.2ab 157.3a 105.4c 11.8 128.5 137.2 7.3 0.01 0.35 0.19 

Step count 432.2b 375.8b 354.3b 930.4a 90.7 540.4 505.9 45.5 <0.001 0.56 0.26 

Lying bouts - - - - - - - - <0.001 0.02 0.03 

Primiparous 2.31yz 2.77y 4.46x 15.08w 1.51 - - - - - - 

Multiparous 1.86z 2.57y 2.33yz 12.33w 1.18 - - - - - - 
1 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual calving time 
2 Primiparous n = 13 
3 Multiparous n = 21 
a,b,cWithin an item, main effect means differ (P ≤ 0.05) 
w,x,y,zWithin an item, interactive means differ (P ≤ 0.05) 
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Table 4.8. Locomotor activity during the 6 h prior to calving in multiparous spring-calving beef 

cows (Exp. 1)1       

  Hour   P-value 

Item -5 h -4 h -3 h -2 h -1 h 0 h2 SEM Hour Year3 

Motion index 304.8c 356.1c 485.3b 561.3b 730.8a 637.6ab 96.5 <0.001 0.02 

Standing 

time, min 
36.38b 37.73b 40.78b 44.72a 42.67ab 39.06b 2.76 0.09 0.009 

Lying time, 

min 
23.62a 22.27a 19.22a 15.28a 17.32ab 20.94a 2.76 0.09 0.009 

Step count 77.2c 90.0c 121.1b 139.6ab 173.5a 138.3b 23.3 0.001 0.004 

Lying bouts 0.77d 1.09cd 1.29c 1.42c 3.06b 4.81a 0.50 <0.001 0.57 
1 n = 34 and 27 in yr 1 and 2, respectively 
2 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual calving time 
3 Because data was collected over course of 2 studies (2015 and 2016), year was included in 

statistical model 
a,b,c,dWithin an item, main effect means differ (P ≤ 0.05). 
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Table 4.9. Locomotor activity during the 6 h prior to calving in multiparous fall-calving beef 

cows (Exp. 3)1            

 Hour   

Item -5 h -4 h -3 h -2 h -1 h 0 h2 SEM P-value 

Motion 

index 
334.7c 476.6b 536.4ab 636.0ab 686.6a 683.0a 70.0 0.001 

Standing 

time, min 
38.63 42.91 39.39 43.00 43.77 40.93 3.43 0.54 

Lying time, 

min 
21.37 17.09 20.61 17.00 16.23 19.07 3.43 0.54 

Step count 88.0d 121.2cd 137.1ac 166.6ab 180.1a 166.8abc 18.7 0.02 

Lying 

bouts 
0.53c 0.69c 0.88bc 1.13b 2.31a 3.41a 0.54 <0.001 

1 n = 33 
2 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual calving time 
a,b,cWithin an item, main effect means differ (P ≤ 0.05). 
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Table 4.10. Locomotor activity during the 6 h prior to calving in primiparous and multiparous spring-calving beef cows (Exp. 2)            
 Hour  Parity  P-value 

Item -5 h -4 h - 3 h -2 h -1 h 0 h1 SEM 12 ≥23 SEM Hour Parity 
Hour x 

Parity 

Motion index 408.4b 400.4b 521.6b 799.6a 864.8a 788.4a 116.1 623.8 637.3 96.4 <0.001 0.91 0.67 

Standing 

time, min 
44.38abc 45.78ab 42.60abc 46.06a 38.56bc 37.19c 2.77 41.99 42.87 2.42 0.08 0.78 0.61 

Lying time, 

min 
15.62abc 14.22bc 17.40abc 13.94c 21.44ab 22.81a 2.77 18.01 17.13 2.42 0.08 0.78 0.61 

Step count 108.5c 103.8c 135.7bc 205.6a 206.1a 170.8ab 21.1 150.3 159.9 22.8 <0.001 0.74 0.94 

Lying bouts 0.49d 0.72d 1.24c 2.17b 4.75a 4.34a 0.59 2.51 2.06 0.33 <0.001 0.29 0.67 
1 Hour 0 is defined as the hour in which calving occurred and ± 30 min of actual calving time 
2 Primiparous n = 13 
3 Multiparous n = 21 
a,b,c,dWithin an item, main effect means differ (P ≤ 0.05) 
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Appendix Table 1. Pearson correlation coefficients between postnatal sampling hours for serum 

BUN, plasma glucose, serum NEFA, and plasma triglyceride in foals 0 through 72 h postnatally1            

 Sampling hour 

Item 0 vs. 6 0 vs. 12 0 vs. 24 0 vs. 48 0 vs. 72 6 vs. 12 6 vs. 24 6 vs. 48 

BUN, 

mg/dL 
0.78* 0.55* 0.46* 0.76* 0.74* 0.91 0.88 0.85 

Glucose, 

mg/dL 
0.48+ 0.06 0.40 0.35 0.58* 0.72* 0.11 0.59* 

NEFA, 

mEq/L 
0.54* -0.25 -0.44 0.04 -0.02 0.37 0.07 0.07 

Triglyceride, 

mg/dL 
0.72* 0.77* 0.03* 0.24 0.43 0.95* 0.51* 0.34 

         

 6 vs. 72 12 vs. 24 12 vs. 48 12 vs. 72 24 vs. 48 24 vs. 72 48 vs. 72  

BUN,  

mg/dL 
0.60* 0.98* 0.79* 0.49* 0.75* 0.45+ 0.83*  

Glucose, 

mg/dL 
0.58* 0.02 0.42 0.63* 0.35 0.29 0.39  

NEFA, 

mEq/L 
-0.00 0.41 -0.11 -0.18 0.57* 0.31 0.69*  

Triglyceride, 

mg/dL 
0.15 0.65* 0.39 0.11 0.64* 0.01 0.43+  

* P ≤ 0.05, + P ≤ 0.10 
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Appendix Figure 1. Effect of dam parity on serum electrolytes including magnesium 

(Panel A), chloride (Panel B), calcium (Panel C), potassium (Panel D), phosphorous 

(Panel E), and sodium (Panel F) of neonatal spring-born beef calves. Least square means 
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± SEM are presented (n = 12 primiparous and 16 multiparous). Solid circles (●) represent 

calves from primiparous dams and open circles (○) represent multiparous where there is 

an effect of parity. There was an interaction of parity x hour for magnesium (P = 0.05), 

chloride (P = 0.004), phosphorous (P = 0.03), and sodium (P < 0.001), and a tendency for 

calcium (P = 0.09). There was an effect of hour (P < 0.001) and an effect of parity for 

potassium (P < 0.001). abcd Means differ (P ≤ 0.05) for primiparous dams across hours. xyz 

Means differ (P ≤ 0.05) for multiparous dams across hours. * Parity means within hour 

differ (P ≤ 0.05), + tend to differ (P ≤ 0.10). 
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Appendix Figure 2. Effect of dam parity on serum metabolic enzymes creatine kinase 

(CK; Panel A), gamma-glutamyl transpeptidase (GGT; Panel B), and aspartate 

aminotransferase (AST; Panel C) of neonatal spring-born beef calves. Least square means 

± SEM are presented (n = 12 primiparous and 16 multiparous). Solid circles (●) represent 

calves from primiparous dams and open circles (○) represent multiparous. There was an 

interaction of parity x hour for CK (P = 0.02), GGT (P < 0.0001), and AST (P = 0.01). 
abcd Means differ (P ≤ 0.05) for primiparous dams across hours. wxyz Means differ (P ≤ 

0.05) for multiparous dams across hours. * Parity means within hour differ (P ≤ 0.05), + 

tend to differ (P ≤ 0.10). 
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Appendix Figure 3. Effect of dam parity on serum direct bilirubin (Panel A), total 

bilirubin (Panel B), anion gap (Panel C), and bicarbonate (Panel D) of neonatal spring-

born beef calves. Least square means ± SEM are presented (n = 12 primiparous and 16 

multiparous). Solid circles (●) represent calves from primiparous dams and open circles 

(○) represent multiparous dams. There was an interaction of parity x hour for direct 

bilirubin (P < 0.001), total bilirubin (P = 0.002), anion gap (P = 0.009) and bicarbonate 

(P = 0.05). abcd Means differ (P ≤ 0.05) for primiparous dams across hours. wxyz Means 

differ (P ≤ 0.05) for multiparous dams across hours. * Parity means within hour differ (P 

≤ 0.05), + tend to differ (P ≤ 0.10). 

 


