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Abstract. A study using 20 Holstein Friesian cows was conducted to investigate the influence of calf gender

on metabolism during the transition period in dairy cattle. Blood samples were collected at three time points:

2–4 days prepartum (time 1), and 1 week and 2 weeks postpartum (time 2 and time 3 respectively). Serum

samples obtained were analysed for total proteins, albumin, urea, glucose, non-esterified fatty acids (NEFA) and

β-hydroxybutyrate (BHB). Depending on the sex of the offspring, cows were divided into two groups: Group 1

consisted of cows with heifer offspring (n = 12) and Group 2 consisted of cows with bull offspring (n= 8). A

two-way repeated measures ANOVA and t tests for unpaired data were used to analyse the pattern of studied

parameters and differences between the two groups. The results indicate differences in metabolic parameters

between the two groups. These results highlight the importance of considering fetal sex as a factor that influences

maternal metabolism during the early transition period in dairy cows.

1 Introduction

The ability of an individual to adapt to the natural change of

energy balance during early lactation is an important aspect

of the transition period for dairy cows. During this period,

the cow undergoes physiological, metabolic and nutritional

changes. As this period presents a huge metabolic challenge

to high-yielding dairy cows, any changes in haematochemi-

cal profiles are important (Piccione et al., 2012; Tóthová et

al., 2014). Cows that are unable to adapt adequately to these

changes often develop hyperketonemia, which can also cause

other health complications.

In dairy cows, key metabolic parameters used as indica-

tors of negative energy balance (NEB) and subclinical ketosis

are non-esterified fatty acids (NEFA) and β-hydroxybutyrate

(BHB) (Oetzel, 2004). Recently, blood NEFA concentrations

have been found to be a more accurate measure of NEB than

ketone bodies (McArt et al., 2013b). Among the predictors

of early lactation hyperketonemia, calf sex may be important

in identifying cows that are at risk for developing hyperke-

tonemia. For instance, cows with bull calves were reported

to be more likely to develop hyperketonemia than those with

female calves (McArt et al., 2013a).

Fetal sex can also affect different aspects of dairy cows,

such as “days open” as well as milk production. In one study,

cows with bull calves had fewer days open than cows with

heifer calves (Cordova-Izquierdo et al., 2008). The number

of days between calving and conception affects profitability

in terms of breeding cost, increased risk of culling and re-

placement costs; hence, long days open reduce profitability

(De Vries, 2004). Other studies have shown that a positive

relationship between age at first calving and milk production

(Müller et al., 2005), and a significant biological effect of

sex-biased milk production in favour of daughters (Hinde et

al., 2014) exists in Holstein dairy cows.

While many studies have focused on how mammalian fe-

males could influence the sex of the offspring both before

and after conception (Hardy, 1997; Grant et al., 2008; Grant

and Chamley, 2010), there is little understanding of how

offspring sex can affect metabolism in dairy cows during

the transition period. Fetal hormones may provide a means

for understanding the influence of offspring sex on mater-

nal metabolism during the early transition period, especially

since they can readily diffuse into maternal circulation. Ru-

minants may be especially valuable for understanding mam-
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mary gland development during pregnancy as a function

of fetal sex because of their cotyledonary placenta. As a

by-product of the greater placental surface area, fetal hor-

mones can readily diffuse into maternal circulation (Klisch

and Mess, 2007).

Currently, it is known that the amount of hormone insulin-

like peptide 3 (INSL3), a major secretory product of the Ley-

dig cells from both fetal and adult testes, declines during

mid-pregnancy and is undetectable in cows carrying a fe-

male fetus. In contrast, circulating maternal INSL3 increases

in cows carrying a male fetus. This increase in INSL3 lev-

els may be a result of the transplacental transfer of fetal

INSL3 into maternal circulation. While this gender-specific

fetal hormone may influence both placental and maternal

physiology (Anand-Ivell et al., 2011), the extent to which

fetal-origin INSL3 influences mammary gland development

is unknown.

In general, cows undergo significant metabolic changes

during the early transition period; however, these changes

are greater in Holstein Friesian cows than in other breeds

(Adamski et al., 2011; Kupczyński et al., 2011). A greater

understanding of how the sex of the offspring influences

these changes could provide insight to clinicians and pro-

ducers on ways of reducing risk of hyperketonemia and other

diseases in dairy cows. Therefore, the aim of this study was

to evaluate differences in metabolic parameters during the

early transition period in dairy cows calving bulls or heifers.

2 Material and methods

Twenty multiparous Holstein Friesian cows belonging to

an intensive dairy herd located in northern Italy (45◦24′ N,

11◦52′ E; 12 m above sea level) were used for the study.

Cows (second parity no. 3; third parity no. 5, fourth/fifth par-

ity no. 12) were subjected to a dry period of 60 days and a

steaming-up period of 15 days prior to calving. All animals

were clinically healthy and kept free from internal and ex-

ternal parasites before and during the study. The health sta-

tus of each cow (behaviour, rectal temperature, heart rate,

respiratory profile, cough, nasal and ocular discharge, and

haematological profile) was recorded. Table 1 lists the chem-

ical composition of diets used during steaming-up and sub-

sequent early lactation. Water was available ad libitum. All

housing and care conditions conformed to the standards rec-

ommended by the Guide for the Care and Use of Laboratory

Animals, Directive 2010/63/EU and Directive 1998/58/EU.

Blood samples were collected by jugular venipuncture into

10 mL Vacutainer tubes (Terumo Corporation, Tokyo, Japan)

at three different time points between 08:00 and 09:00 (cen-

tral european standard time=GMT+1): (1) 2–6 days prepar-

tum (T1), (2) 7 days postpartum (DPP) (T2), and (3) 14 DPP

(T3). Whole blood was centrifuged at 1350× g for 10 min.

Serum was stored within 1 h at −20 ◦C. The serum con-

centration of total proteins, albumin, urea, glucose, NEFA,

Table 1. Chemical composition of diets used during steaming-up

and subsequent early lactation.

Chemical composition (%) Steaming-up Early lactation

Crude protein 12.87 16.66

Ethereal extract 4.55 5.32

Ash 7.83 7.34

NDF 43.99 33.41

NFC 33.56 38.27

Dry matter degradable 59.68 68.22

ADF 24.46 20.12

Starch 16.49 25.94

NDF (neutral detergent fiber), ADF (acid detergent fiber), NFC (non-fiber

carbohydrates).

and BHB were assessed with commercial kits using an au-

tomated spectrophotometer according to the manufacturer’s

instructions (Slim, Seac Banche SpA, 50144 Florence, Italy).

The globulin values were calculated by subtracting the values

of albumin from the corresponding values of total proteins.

TheA/G (albumin concentration/globulin concentration) ra-

tio was calculated. Depending on calf gender, cows were

grouped into two groups: Group 1 consisted of cows (3.6

mean lactation number) calving heifers, n= 12, and Group 2

consisted of cows (3.7 mean lactation number) calving bulls,

n= 8. In Group 1, T1 was 4.6± 1.8 days, and in Group 2, T1

was 4.4± 0.9 days before partum.

A two-way repeated measures analysis of variance (two-

way ANOVA) was used to evaluate the influence of time and

offspring sex effects on the metabolic parameters of blood

samples. Unpaired data were analysed using the Student’s

t test for independent samples. P values < 0.05 were con-

sidered statistically significant. All data were analysed using

Statistica 8 software (Statsoft Inc., Tulsa, OK, USA).

3 Results

The results of the statistical analysis on the nitrogen parame-

ter data in the early transition period are illustrated in Fig. 1.

For Group 1, total proteins were significantly higher during

T3 than during T1 (P<0.05), whereas total protein levels in

Group 2 were not significantly altered. Total protein levels in

Group 2 compared with those in Group 1 were significantly

lower at T3 (P<0.05). Albumin levels in Group 2 were sig-

nificantly higher than those in Group 1 at T1 (P<0.01),

whereas at T3 they were significantly higher in Group 1 than

in Group 2 (P<0.05). A similar effect at T3 was found for

total globulins with significantly higher levels in Group 1

than in Group 2 (P<0.05). The A/G ratio significantly de-

creased in both groups of cows at T2 (P<0.05) and at T3

(P<0.05) when compared to T1. Urea levels in both groups

of cows also significantly decreased at T2 when compared to

T1 (P<0.05). At T2, levels of urea were significantly lower

in Group 2 than in Group 1 (P<0.05).
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Figure 1. Pattern of total proteins, albumin, globulins, A/G ratio, and urea in Group 1 and Group 2 dairy cows monitored at 1 week before

the expected partum (T1), and at 1 week (T2) and 2 weeks (T3) after.

Figure 2 shows the results of the analysis on energy param-

eters. A significant effect of time was found on the NEFA

pattern for both groups of cows. For Group 1, levels were

significantly increased at T2 and T3 when compared to T1

(P<0.05). The levels in Group 2 were significantly higher

at T2 (P<0.05) but lower at T3. When compared with

Group 2, Group 1 had significantly higher NEFA levels at

T3 (P<0.05) and significantly higher glucose levels at T2

(P<0.01) and T3 (P<0.05).

4 Discussion

The results of this study indicate that the sex of the offspring

can affect nitrogen and energy metabolism during the tran-

sition period in Holstein Friesian dairy cows. The increase

in total proteins, albumin, and globulins in dams of heifers

could suggest a greater dehydration than what was observed

for dams of bulls. These differences could be a result of off-

spring gender differences in physiological dehydration which

is generally linked with increased milk production. Serum

protein patterns can provide information about dehydration

in dairy cows during the peripartum period (Piccione et al.,

2011). Although Hinde et al. (2014) reported that gestation of

a daughter on the first parity increased milk production over

the first two lactations, we have no data for cows in their third

to fifth lactation in this study. Since dams of heifers showed

a greater plasma dehydration than dams of bulls, it is possi-

ble that they also have greater milk production; however, fur-

ther studies are necessary to validate this hypothesis. While

there were increases in serum protein parameters, these con-

centrations remained within the normal range reported for

dairy cows (Alberghina et al., 2011). The different percent-

age changes in albumin and globulins also suggest that mech-

anisms other than dehydration may be involved in these dif-

ferences. Low albumin levels associated with low urea levels

are due to reduced protein catabolism – quite normal in this

condition of protein anabolism.

Cows calving bulls had significantly higher levels of albu-

min at T1 and significantly lower levels of total proteins at

T3. These results could be due to a different long-term ef-

fect of sex hormones on liver metabolism. It is possible that

the significant decrease in A/G observed after gestation in-

dicates a shift towards milk synthesis. It is also possible that
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Figure 2. Pattern of glucose, BHB, and NEFA in Group 1 and Group 2 dairy cows monitored at 1 week before the expected partum (T1),

and at 1 week (T2) and 2 weeks (T3) after.

during the last stage of pregnancy, immunoglobulins leave

the plasma when colostrum is formed in the mammary gland,

which results in high prepartum values of A/G.

The decrease of urea postpartum could be due to a de-

crease in nitrogen catabolism for milk protein synthesis. Val-

ues found at T2 in Group 2 cows are significantly lower than

values in Group 1. Furthermore, this pattern difference could

be explained by a long-term effect of fetal sex hormones on

nitrogen metabolism. It is possible that male hormones divert

proteins from catabolism to tissue formation in dams rather

than in protein milk since lower milk yield for bulls is not

compensated by higher protein and fat production (Hinde et

al., 2014).

Serum glucose in dairy cows is derived mostly from glu-

coneogenesis. The findings that there were lower glucose

concentrations in Group 2 cows pre- and postpartum than

Group 1 cows suggest that gluconeogenesis in cows calving

bulls is less effective in increasing blood glucose than those

calving heifers. One regulator of glucose in ruminants is cor-

tisol, which acts to increase gluconeogenesis from amino

acids (Trenkle, 1981). It is possible that fetal sex could also

affect cortisol levels during pregnancy as differences in cor-

tisol have been reported in humans. For instance,women car-

rying male fetuses had lower levels of salivary cortisol during

the second half of pregnancy compared with those carrying

female fetuses (Di Pietro et al., 2011). For dairy cows, how-

ever, it is unknown as to whether there are differences in ma-

ternal cortisol levels related to differences in fetus gender. On

the other hand, INSL3, a fetal hormone that is present only

in cows carrying bull calves, has been reported to affect pla-

cental and maternal physiology (Anand-Ivell et al., 2011). It

is possible that this hormone also affects postpartum glucose

levels in cows with bull calves. In dairying, calves are re-

moved on the day of birth and standardized mechanical pro-

cedures are used for milking, therefore results of sex differ-

ences on postpartum maternal serum are difficult to explain.

Further studies are necessary to clarify these results.

Increased NEFA postpartum increases lipolysis of adipose

tissue reserve in response to the energy deficit (Roche et al.,

2009). In this study, the significantly higher levels of NEFA

in Group 1 cows at T2 indicates a greater mobilization of

energetically important tissue than in Group 2 cows, which

could also explain the findings that total production of milk

energy was greater in cows with a heifer calf (Hinde et al.,

2014).

Taken together, the results of this study show that there

are differences in hepatic metabolism in cows after partus of

a bull or heifer. While BHB was not significantly affected

by time or gender, there were significantly lower postpartum

levels of total protein, albumin, urea, and glucose in cows
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with a bull than those with a heifer calf. Dairy cows undergo

many metabolic adaptations as they transition from late preg-

nancy to early lactation. While these changes are normally

coordinated by maternal hormones, the present findings sug-

gest that fetal hormones also play a significant role in alter-

ing the physiological state of the cow during the transition

period.
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