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SUMMARY 

 

Dairy cows have experienced major changes in productivity during the past 70 

years. A selective pressure was applied to increase milk yield, but fertility declined. 

During early lactation, dairy cows are exposed to physiological, hormonal and metabolic 

challenges. This research was conducted to increase the understanding of these 

challenges and how they may affect reproductive performance. The objective of the two 

studies was to investigate the interactions between metabolic and physiological status 

during the first four weeks postpartum and fertility in Holstein and Jersey dairy cows.  

In the first experiment, blood from 107 Holstein dairy cows was collected at the 

first, second, third and fourth week of lactation. Progesterone, IGF-1, NEFA, BHB and 

glucose (laboratory assay and hand-held meter) were measured to examine the effects of 

pregnancy status (pregnant to first insemination or pregnant after three inseminations) 

and parity. There was an effect of parity on IGF-1, NEFA, BHB and glucose 

concentrations. The hormone and metabolite concentrations were not associated with 

pregnancy outcomes after one or three inseminations.  

 In the second experiment, blood from 127 Jersey was collected at first, second, 

third and fourth week postpartum. The same hormones and metabolites were measured. 

The IGF-1, BHB and glucose concentrations were affected by parity. There was an effect 

of pregnancy status on NEFA concentrations. The results of this study suggested that 

NEFA could be the predictor of pregnancy status later postpartum.  

In conclusion, we found limited data to sustain our hypothesis that metabolic and 

hormonal changes during the first four week of lactation have negative carryover effects 

on reproductive performance of Holstein and Jersey dairy cows later in lactation. More 
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studies need to be done in this area to improve our understanding of the biology of early 

lactation and the mechanisms that link it with reproductive performance. This 

understanding may be the key to close the gap between high milk production and fertility 

in dairy cows.  
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CHAPTER I 

 

REVIEW OF LITERATURE 

 

1.1. Introduction 

Dairy cows have experienced substantial change since the 1950’s. The 

introduction of technologies on dairy farms, such as, artificial insemination allowed 

producers to select for traits to improve the productivity of their animals. Thus, selective 

pressure was applied to increase milk yield. The emphasis placed on production traits 

increased milk yield from an average of 3422 kg/cow/year in 1963 to 8599 kg/cow/year 

in 2004 (doubling over a 40 year period). Production per cow per year was 10096 kg in 

2014 (USDA, 2016). During the same period, the reproductive efficiency of dairy cattle 

declined. First service conception rates (CR) for example, dropped from 70% to 47% in 

the last 60 years (Galvão et al., 2013).  

The onset of lactation causes large changes in physiology. Metabolic and 

hormonal adaptations are needed to supply the energy required for milk production. 

Failure of these adaptations may result in disease and postpartum disorders. In early 

lactation, cows do not consume enough feed to meet the energy demands of lactation. 

Lipid catabolism, therefore, plays a key role during early lactation. Non-esterified fatty 

acids (NEFA) and β-hydroxybutyrate (BHB) become an important alternative source of 

energy for tissues, such as brain, muscle, and heart. The physiological changes that occur 

postpartum are essential to support the first weeks of lactation, but they may cause 

decreased fertility in dairy cows (Lucy, 2003). Although often investigated, the 
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mechanisms through which postpartum metabolic adaptations affects fertility are unclear. 

The research described in this thesis is focused on the associations between postpartum 

hormones and metabolites with fertility in Holstein and Jersey dairy cows.  

 

1.2. Transition period of dairy cows 

Transition from the pregnant non-lactating state to non-pregnant lactating state 

requires massive physiological changes to support lactation in dairy cows. During this 

period, an orchestrated series of events leads to partitioning of nutrients and the 

prioritization of milk synthesis (Bauman and Currie, 1980). Bell (1995) estimated that the 

mammary uptake of glucose, amino acids, fatty acids and energy at 4 days postpartum 

was 2.7, 2.0, 4.5 and 3.0 times (respectively) that of the gravid uterus close to term (250 

days) in Holstein cows. Despite the increase in dry matter intake (DMI) in early lactation, 

energy intake is not enough to meet all of the nutrient requirements during this period. 

The first weeks of lactation therefore, represent the most high-risk period for metabolic 

disease in the life of a dairy cow. Most transition disorders occur during this time, such 

as, milk fever, ketosis, displaced abomasum, retained fetal membranes and metritis. 

Susceptibility to mastitis increases because of the immunosuppression that typifies the 

periparturient period (Mallard et al., 1998; Drackley, 1999).  

During early lactation cows are at high risk for removal from the herd. Data 

summarized by Godden et al. (2003) indicate that approximately 25% of cows that left 

the herd in Minnesota from 1996 to 2001, left it during the first 60 days in milk (DIM). 

Older cows have a much greater risk of being culled. Wittrock et al. (2011) showed that 

multiparous cows with metritis were more likely to be culled (50.0%) than healthy cows 
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(20.9%). The decision to cull was influenced by the low milk production that was a 

consequence of the disease. In a study of transition period related diseases, Gröhn et al. 

(1998) showed that cows with retained placenta (47.1%), mastitis (32.7%), ketosis 

(32.5%) and displaced abomasum (31.7%) were culled during lactation.  

Although many research projects have been conducted on the physiology of 

transition cows in the past 25 years, the periparturient period remains not fully 

understood. Improving our understanding of the biology of the transition period will 

benefit not only the welfare of the cow but also the productivity and profitability for dairy 

producers.  

 

1.3. Lactation curve  

A standard lactation curve in dairy cows is 305 days. Characteristics of interest in the 

curve are time to peak milk yield, milk quantity at peak and lactation persistency. The 

lactation curve shape is mainly controlled by genetics and environment, but parity, 

animal health status, managements, and nutrition contribute to its shape as well 

(Macciotta et al., 2004). Typically, milk production increases sharply for the first 2-3 

months of lactation, and milk yield peaks between 40 to 90 days postpartum, dependent 

on parity. The lactation curve for primiparous peaks to a lesser degree than multiparous 

and has greater persistency (Silvestre et al., 2009).  

Lactation persistency is the term used to describe the rate of decline in milk yield 

after the peak of milk production. Cows with greater lactation persistency are considered 

more profitable. They have a flatter lactation curve due to a slow rate of decline in milk 

production, and tend to produce less milk than expected in the beginning of lactation and 
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more than estimated in the end (Cole and Null, 2009). For that reason, persistent cows 

require less energy in early lactation and have lower reproductive and health care costs 

due to less stress during the peak of lactation (Cole and Null, 2009). High persistency has 

a favorable relationship with some reproductive traits (Muir et al., 2004) but may delay 

the optimum time of first insemination for high producing cows (Dekkers et al., 1998).  

 

1.4. Energy balance 

All dairy cows undergo a state of negative energy balance (NEB) when they 

transition from late gestation to early lactation. This period of NEB is due to an increase 

in energy requirements for lactation + maintenance and a delay in DMI to meet energy 

requirements (Hayirli et al., 2002; Overton and Waldron, 2004). The equation to 

determine net energy balance is found in the NRC (2001). In summary, net energy 

balance is equal to the total net energy of lactation intake minus combined requirements 

for net energy of maintenance, pregnancy, lactation and growth. When energy 

expenditure is greater than energy intake, cattle enter into a state of NEB that results in 

mobilization of body reserves. Energy balance can be manipulated using different 

nutrients in the diet. Cows fed a lipogenic diet tended to have greater energy mobilized 

from body fat than cows fed a gluconeogenic diet (van Knegsel et al., 2007a).  

The mobilization of fat and muscle can be measured through a subjective method 

known as a body condition score (BCS). Edmonson et al. (1989) proposed a BCS chart 

and scale to standardize the procedure which is used today on many dairy farms. The 

scale is from 1 (severe underconditioning, emaciated) to 5 (severe overconditioning, 
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obese) broke into 0.25 point increments. Palpation and (or) observation of three major 

areas (loin, pelvis and tail head) is done.   

Many authors have suggested that a BCS of 2.75 to 3.25 at dry-off would be ideal 

(Overton and Waldron, 2004; Mulligan et al., 2006; Chagas et al., 2007; Roche et al., 

2009). Cows overconditioned (BCS>3.5) during the 3 weeks prior to parturition had less 

feed intake compared with cows with lower BCS (Hayirli et al., 2002). Reduced DMI 

prepartum may exacerbate the degree of NEB experienced by the postpartum cow.  

Furthermore, cows with greater BCS usually mobilize more BCS postpartum resulting in 

lower blood glucose concentrations and greater mobilization of NEFA and BHB. 

Glucose, NEFA and BHB will be discussed in depth later in this review.  

Metabolic and reproductive disorders in dairy cows have been associated with NEB 

postpartum. Extensive periods of NEB may delay first ovulation, decrease oocyte quality 

and slow the return to cyclicity. A longer interval to first ovulation postpartum and 

reduced follicular competence were associated with a delayed energy balance nadir and 

NEB (Beam and Butler, 1997, 1998; Wathes et al., 2009a; Castro et al., 2012). Cows with 

severe NEB had more inflammation within the endometrium that reduced the ability of 

uterine repair after calving and decreased fertility (Wathes et al., 2009a). Also, NEB can 

affect oocyte quality and follicular environment and may decrease follicular growth due 

to greater lipid mobilization and less circulating insulin-like growth factor 1 (Wathes et 

al., 2009a). Moreover, cows experiencing uterine diseases, such as metritis and 

subclinical endometritis had greater NEB (Galvão et al., 2010). Negative energy balance 

and a reduction in BCS have carryover effects that affect fertility and the reproductive 

system in dairy cows later postpartum. 
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1.5. Metabolic status of postpartum dairy cows 

The mark of the transition period of dairy cattle is the rapid change in the demand 

for nutrients in a short period of time. A remarkable and exquisite coordination in 

metabolism is necessary in order to meet the requirements for energy, glucose, amino 

acids and calcium by a postpartum cow. When the requirements are not met, the cow 

enters a state of NEB, resulting in mobilization of lipid reserves and a reduction in BCS. 

Some metabolites, such as, NEFA and BHB, are commonly used to indicate health status 

and are elevated postpartum. Excessive elevation can indicate poor adaptation to NEB 

(Herdt, 2000). Physiological changes to support lactation may be associated with the 

decline in fertility suffered by dairy cows in the last 50 years (Lucy, 2003). As producers 

increase selection for milk production traits, a decline in CR has been observed. In 1950’s 

the CR was about 65%. In 1990 the CR had declined to 40%. It was even lower in 2001, 

about 32% (Lucy, 2001; Butler, 2003). 

 

Glucose 

Glucose is an important metabolic substrate, being an essential cellular energy 

source, especially during the transition period. It is needed in considerable quantities for 

lactose production in the mammary gland. Lactose is the most important solute in milk. A 

large amount of glucose should enter the circulation of the cow per day, considering that 

72 g of glucose is needed to produce one kilogram of milk. Despite a large increase in 

hepatic gluconeogenesis to support increased demand postpartum, postpartum dairy cows 

have an estimated 500 g daily deficient in glucose (Bell, 1995).  
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Various mechanisms are used to maintain blood glucose. Gluconeogenesis 

(synthesis of glucose by the liver) and reduced peripheral clearance of glucose by tissues, 

such as adipose tissue, skeletal muscle, and others (Pilkis and Granner, 1992), are 

examples of adaptations that help maintain blood glucose concentrations. The rate of 

gluconeogenesis must increase rapidly to meet the requirement for glucose during the 

first weeks of lactation (Bell and Bauman, 1997). After parturition, the pancreas reduces 

the production of insulin resulting in a decrease in glucose utilization by insulin sensitive 

organs (Drackley et al., 2001). As a mechanism to conserve glucose for milk synthesis 

and blunt glucose utilization by non-mammary tissues, dairy cows become insulin 

resistant in early lactation (Butler et al., 2003; Komatsu et al., 2005). The insulin 

resistance reinforces the concept of homeorhetic regulation that is so important to ensure 

a uniform flow of nutrients to support the physiological state of lactation (Bauman, 

2000). These adaptations will persist until late lactation and the synthesis of glucose is 

balanced with the glucose required for milk production.  This usually occurs after the 

peak of lactation (Bell and Bauman, 1997).  

Large amounts of glucose are required to sustain lactation, especially during the 

first 60 days postpartum. Glucose demands increase two to three-fold from 21 days 

before to after parturition (Drackley et al., 2001). For genetically superior lactating dairy 

cows this increase occurs at the rate of 4-fold (Bell and Bauman, 1997). Approximately 

85% of total body glucose goes toward the mammary gland at the onset of lactation 

(Bickerstaffe et al., 1974). Glucose uptake from the bloodstream to the mammary gland is 

facilitated by glucose transporters (GLUT). There are several of these cell membrane 

proteins. Erythrocyte-type glucose transporter (GLUT1) is the main GLUT responsible 
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for facilitative diffusion. The insulin-responsive glucose transporter (GLUT4) is the 

primary GLUT in charge of active transport of glucose. Facilitative diffusion is a passive 

transport across the membrane. It allows glucose to move from a high concentration in 

blood circulation to a low concentration, as in mammary secretory epithelial cells. In the 

case of active transport, glucose is transported across the cell membrane against the 

concentration gradient via a signaling pathway, usually an insulin dependent process.  

Low blood glucose concentrations postpartum are associated with infertility in 

dairy cows. As producers increased the selection pressure for milk production, a decline 

in fertility in dairy herds was observed (Lucy, 2001). One of the possibilities may be the 

association between glucose and the regulation of hormones and metabolites that control 

the reproductive system.  

In a study by Garverick et al. (2013), cows that became pregnant at first artificial 

insemination (AI) had greater plasma glucose concentrations compared with cows that 

did not became pregnant. The probability of pregnancy increased as glucose 

concentrations increased at day 3 postpartum. A similar relationship was found one year 

earlier by Green et al. (2012), where cows that did not become pregnant had lesser 

plasma concentrations of glucose than cows that had a positive pregnancy outcome. 

Lactating compared with nonlactating cows have lower blood glucose resulting in less 

glucose and fructose in placental fluids (Lucy et al., 2012).  Lucy et al. (2013) showed 

that glucose infusion decreased NEFA and BHB plasma concentrations, metabolites that 

have potential negative effects on reproduction. At the same time, glucose increased 

insulin and IGF-1 plasma concentrations (hormones that benefit the cow). The inability 

of cows to successfully meet their equilibrium between glucose required and produced 
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can be a possible explanation that links physiology, nutrition and reproduction in 

postpartum dairy cows. 

Dietary carbohydrates are fermented in the rumen. Consequently little glucose is 

absorbed from the digestive system. The supply of propionate is also inadequate for 

glucose synthesis. It is no doubt that the liver plays a key role in the coordination of 

nutrient partitioning and the flux of glucose to support milk production in order to 

overcome the deficit postpartum. When the requirements for energy are not supplied, the 

hepatic metabolism of fatty acids become an important process to provide energy.    

 

Non-esterified fatty acids 

It was well demonstrated and established in the middle of 1950’s that plasma 

NEFA have their origin in adipose tissue and NEFA are used by tissues such as liver, 

skeletal muscle and myocardium, but not brain (Dole, 1956; Gordon and Cherkes, 1956; 

Gordon, 1957).  

Gordon (1957) showed that when glucose or insulin was administered to a fasting 

patient, a sharp decrease in NEFA occurred. He concluded that through some mechanism, 

the adipose tissue responds to the availability of calories, liberating more or less NEFA to 

maintain the glucose level in the bloodstream.  

We know that while in NEB, a dairy cow initiates lipolysis, a hormonal and 

biochemical pathway that catabolizes triacylglycerol (TAG) stored in cellular lipid 

droplets. Hormone sensitive lipase liberates glycerol and NEFA from TAG (Duncan et 

al., 2007). Triacylglycerol is hydrolyzed to form diacylglycerol and then 

monoacylglycerol liberating fatty acid in each step. Monoacylglycerol is then hydrolyzed 
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into glycerol and the last fatty acid. Fatty acids can then be taken by cells via fatty acid 

transporter. The production of NEFA in adipose tissue is stimulated by glucagon and 

epinephrine and inhibited by insulin (Laffel, 1999). Fatty acids are used as an alternative 

fuel source to help the body maintain blood glucose concentrations (Herdt, 2000). Once 

they are released from adipose tissue, circulating NEFA can be sequestered by the 

mammary gland to be used for up to 40% of milk fat in the first weeks of lactation (Bell, 

1995). The NEFA concentrations decrease when levels of glucose are reestablished (Lucy 

et al., 2013).   

In the liver, NEFA are used for energy production, but can also form ketone 

bodies, or be resterified to TAG. Then, TAG are secreted with very-low-density 

lipoprotein. Accumulation of TAG occurs in all cows at some level. Nonetheless, cows 

that have excessive BCS loss after parturition are especially problematic. They have low 

feed intake postpartum compared with cows with a normal condition, consequently 

suffering from a larger NEB postpartum (Grummer, 1995). Elevated BCS contributes to 

TAG accumulation because of decreased hepatic fatty acid oxidation. The decrease in 

fatty acid oxidation may contribute to accumulation of TAG in the liver of 

overconditioned postpartum dairy cows (Murondoti et al., 2004). Fatty liver can precede 

metabolic diseases, such as ketosis, and is associated with a reduction in health status, 

and reduced reproductive performance (Veenhuizen et al., 1991; Grummer et al., 1994).  

Much research has been done that links NEFA and reproductive efficiency in 

dairy cows. Garverick et al. (2013) showed that at first AI, cows that became pregnant 

had lesser NEFA concentrations during the first two weeks of lactation, and the 

probability of pregnancy decreased when NEFA concentration on day 3 postpartum 
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increased. Elevated concentrations of NEFA resulted in a decreased risk of conception 

(Ospina et al., 2010a). In a comparison of cows that were lactating versus non-lactating, 

the lactating cows had greater NEFA in the first weeks postpartum, however NEFA did 

not differ between cows that became pregnant or not within groups (Green et al., 2012). 

Similar results were found by Chapinal et al. (2012a), where they found no relationship 

between NEFA concentrations and odds of pregnancy at first AI.  

There is extensive evidence that NEB and NEFA can affect follicular 

development and ovulation. Cows that suffer from extensive NEB have irregular cycles 

that can reduce CR (Taylor et al., 2004a). Negative energy balance during the first month 

postpartum alters ovarian function and interval to first ovulation (Lucy et al., 1991).  

Ovarian follicles grow during a period of extreme metabolic changes that may 

affect negatively the development of the oocyte. Moreover, NEFA alters the ovarian 

follicle micro-environment. When NEFA were added to the media during in vitro oocyte 

maturation, negative effects on maturation, fertilization, blastocyst yield and cleavage 

rate were observed. Cumulus cells of cumulus-oocyte-complexes (COC) were poorly 

expanded when compared with control, and some apoptotic cumulus cells were detected 

(Leroy et al., 2005). Jorritsma et al. (2004) found similar results when adding NEFA to 

COC maturation media. There was a delay in maturation. Fertilization rate, cleavage and 

embryonic development were significantly lower for COC matured with NEFA. 

Granulosa cells cultured with NEFA had less proliferation, but there was no impact on 

progesterone production per cell (Jorritsma et al., 2004). Oocyte maturation under NEFA 

led to increased apoptosis ratio, blastocysts with lower cell number, reduced oxygen and 

glucose consumption and altered gene expression patterns. These changes decreased 
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oocyte developmental competence and viability of the subsequent embryo (Van Hoeck et 

al., 2011). Non-esterified fatty acids also reduce theca cell viability and contribute to 

subnormal corpus luteum (CL) function (Jorritsma et al., 2004; Vanholder et al., 2005; 

Vanholder et al., 2006). Fasting caused elevated plasma NEFA concentrations in heifers 

and was associated with smaller dominant follicles. Concentrations of NEFA in plasma 

and follicular fluid were closely correlated, linking energy metabolism in early lactation 

with fertility (Jorritsma et al., 2003).  

Elevated NEFA during early lactation not only affected the ovaries. Conditions 

within the reproductive tract may change during early lactation and create an 

environment unfavorable to development of the early embryo that contributes to early 

embryonic mortality (Matoba et al., 2012). Sperm binding affinity decreased when 

epithelial cells from the oviduct were exposed to NEFA (Jordaens et al., 2015). Rizos et 

al. (2010) showed that when embryos were transferred, more embryos were recovered 

and had developed to the blastocyst stage from nulliparous heifers compared with 

lactating cows. This study showed evidence for an impairment of the reproductive tract 

caused by physiological changes to support the onset of lactation. Cumulatively, the data 

indicate that a short period of elevated NEFA could be detrimental to the reproductive 

system and contribute to infertility in dairy cows. 

 

β-hydroxybutyrate 

The NEFA are metabolized into ketone bodies when the liver has achieved its 

maximal capacity to oxidize NEFA and the storage of TAG is exceeded (Walsh et al., 

2007; Chapinal et al., 2012a). The ketone bodies are acetoacetate (AcAc), β-
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hydroxybutyrate (BHB) and acetone. The two first molecules are the most abundant and 

energy-rich ketones and are responsible for the transport of energy from the liver to other 

tissues. During periods of NEB, ketone bodies play an essential role in sparing glucose 

utilization.  The brain, different than other organs and tissues, cannot use fatty acids as an 

energy source, and ketone bodies are used as alternative energy source during fasting 

periods. In humans, for example, ketone bodies supply 30-40% of the energy 

requirements after a 3 day fast (Laffel, 1999).  

  To be used as an energy source NEFA should be transported from peripheral tissues 

into the mitochondria of hepatocytes via the carnitine shuttle, driven by carnitine 

palmitoyltransferase 1. Thus, NEFA and glucose are metabolized (β-oxidation and 

glycolysis, respectively) to acetyl CoA. Under normal circumstances acetyl CoA enters 

the citric acid cycle by condensing with oxaloacetate, which is derived from pyruvate 

during glycolysis. During states of low glucose levels, such as NEB postpartum, 

deficiency of oxaloacetate occurs and prioritization of its utilization goes towards the 

process of gluconeogenesis, instead of condensing with acetyl CoA. Oxaloacetate 

deficiency combined with an overproduction of acetyl CoA shifts the metabolism 

towards ketone body creation.  Acetyl CoA is then catalyzed by 3-ketothiolase to 

acetoacetyl CoA that is converted to 3-hydroxy-3-methylglutaryl CoA (HMG CoA) by 

mitochondrial HGM CoA synthase. Many factors stimulate this step such as low 

concentration of insulin, consumption of high-fat diet and starvation. The HMG CoA is 

then broken down into acetoacetate by HMG CoA lyase. The final step is to reduce 

acetoacetate into BHB catalized by BHB dehydrogenase. β-hydroxybutyrate and 

acetoacetate belong to the short-chain organic acids that can diffuse across cell 
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membranes and can be rapidly reabsorbed in the kidney. Whenever the level of ketones 

bodies are elevated in the bloodstream, a transient condition called ketosis develops 

(Laffel, 1999; Guyton and Hall, 2006; Nelson et al., 2008; Stojanovic and Ihle, 2011).  

 

1.6. Ketosis 

High-producing dairy cows mobilize body fat in order to meet the energy 

requirement during early lactation. This dynamic metabolism of the postpartum period 

increases the likelihood of infectious and metabolic diseases (Grummer, 1993; Bell, 

1995; Goff and Horst, 1997). Poor adaptation to the mobilization of body fat can develop 

into a transition disorder called ketosis. Ketosis is a metabolic disorder caused by 

incomplete oxidation of NEFA in the liver during periods of increased hepatic use of 

fatty acids that causes the accumulation of acetoacetic acid, BHB, acetone and 

isopropanol in the bloodstream (Kronfeld, 1982).  

According to Kronfeld (1982), ketosis in dairy cows can be classified in four types:  

1) Primary underfeeding ketosis – the food offered is not enough or acceptable. 

2) Secondary underfeeding ketosis – when the feed intake is reduced by diseases.  

3) Ketogenic ketosis – high amounts of ketogenic feed is been ingested.  

4) Spontaneous ketosis – occurs even when the cow is consuming a nutritionally 

adequate diet.  

More recently, researchers have proposed a new classification for a ketotic cow 

(Holtenius, 1993).  In this case, type I ketosis is described by high ketone levels in the 

blood circulation. Type I ketosis fits the description of spontaneous ketosis classification 

from Kronfeld (1982). The type I ketosis usually occurs 3 to 6 weeks postpartum. 
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Glucose and insulin concentration are very low in the bloodstream resulting in a rapid 

increase in NEFA in the hepatic mitochondria and consequently greater concentrations of 

blood ketones bodies and ketogenesis (Holtenius and Holtenius, 1996; Herdt, 2000). 

Similarly to type II diabetes mellitus, type II ketosis is the hyperinsulinemic and 

hyperglycemic form that commonly occurs earlier in lactation (Holtenius, 1993; 

Holtenius and Holtenius, 1996). Type II ketosis is an important indicator of dry period 

management, since overfed cows (BCS≥3.75) are the ones that suffer the most. Cows fed 

high-energy diets during the dry period had comparable blood insulin concentrations to 

cows fed lower-energy diets, but serum NEFA and liver TAG were greater in the overfed 

group (Rukkwamsuk et al., 1998, 1999). Although type II ketosis may take place before 

the visible signs, this period of hyperinsulinemia and hyperglycemia could lead to insulin 

resistance, adipose sensitivity and more triglyceride synthesis, which would trigger fatty 

liver (Herdt, 2000). Type II ketotic cows may show insulin resistance even with low 

concentration of insulin in the bloodstream (Meirhaeghe et al., 1988).  

Ketosis may present itself in two ways: subclinical and clinical. Clinical signs are 

depression, loss of appetite (especially for concentrates), dry feces, decrease in milk 

production, and a loss of BCS due to the mobilization of adipose tissue in an attempt to 

maintain the homeorhetic state (David Baird, 1982).  

Subclinical ketosis (SCK) is an excess of circulating ketones bodies in the absence of 

clinical signs (Andersson, 1988). Ketone bodies should be measured in bodily fluids, 

such as, milk, urine or blood (Duffield, 2000). β-hydroxybutyrate is the most abundant 

and stable ketone body circulating in the blood. The BHB is not detected in urine or milk 

cowside tests (Tyopponen and Kauppinen, 1980; Laffel, 1999). The gold standard 
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diagnosis is the measurement of BHB in serum or plasma (Duffield, 2000; Herdt, 2000; 

Oetzel, 2004). Based on several studies, the lower threshold concentration of BHB for 

SCK ranges between 1.0 and 1.4 mmol/L (Duffield, 2000; Oetzel, 2004; Walsh et al., 

2007; Duffield et al., 2009; Ospina et al., 2010a; McArt et al., 2011; McArt et al., 2012). 

For the purpose of most studies, the lower cut point for SCK is established as 1.2 mmol/L 

and ≥2.9 mmol/L is established as the upper threshold. Cows above the upper threshold 

are defined as having clinical ketosis (>3.0 mmol/L). The incidence of SCK is the 

number of cases that occur during a risk period (early lactation) relative to the number of 

cows. The incidence of SCK and it varies from 40 to 60% (Ospina et al., 2010b; McArt et 

al., 2011).  

Cowside meters are a powerful and useful tool to diagnose individual cases of SCK 

and track herd health. In humans, electronic hand-held blood glucose and ketone meters 

are widely used to monitor diabetes. The first study in dairy cows using an electronic 

human BHB meter (MediSense Precision, Abbott, Abingdon, UK)  showed a high 

correlation (r² = 0.99) with BHB gold standard spectrophotometry laboratory tests 

(Jeppesen et al., 2006). Iwersen et al. (2009) also found a high correlation coefficient 

(0.95) between whole blood BHB using Precision Xtra (Abbott Diabetes Care, Abingdon, 

UK) and serum BHB concentration determined by photometry analysis. The Precision 

Xtra system is made of a hand-held meter and an electrochemical test strip. The test strip 

is inserted into the meter and a drop of blood applied to it. Through hydroxybuturate 

dehydrogenase, BHB in the sample is oxidized to acetoacetate, at the same time that 

NAD+ is reduced to NADH and then reoxidized to NAD+ by a redox mediator. The 

BHB concentration in the sample is correlated with the current produced by the reaction. 
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After 10 seconds BHB concentration (mmol/L) is displayed on the meter (Iwersen et al., 

2009).  

Hyperketonemia has detrimental effects on immune function (Hammon et al., 2006; 

Zarrin et al., 2014), uterine health (Wathes et al., 2009b; Galvão et al., 2010; LeBlanc et 

al., 2011), reproductive performance (Ospina et al., 2010a; Ospina et al., 2010b), milk 

production (Duffield et al., 2009; Ospina et al., 2010a; Chapinal et al., 2012a; Chapinal et 

al., 2012b) and future health events (Ospina et al., 2010c; Seifi et al., 2011). Furthermore, 

cows with SCK have greater odds of developing metritis (Galvão et al., 2010), clinical 

ketosis (Seifi et al., 2011; Suthar et al., 2013), displaced abomasum (LeBlanc et al., 2005; 

Ospina et al., 2010c; McArt et al., 2012), lameness (Suthar et al., 2013) and are more 

likely to be culled from the herd (Seifi et al., 2011).  Cows experiencing high BHB 

concentrations (≥1.0 mmol/L) in the first weeks postpartum were less likely to become 

pregnant at first AI (Walsh et al., 2007; Ospina et al., 2010a). In addition, cows with 

prolonged elevation of BHB concentrations have decreased glucose blood concentrations 

(Zarrin et al., 2013) and have lesser chances of becoming pregnant after first AI 

(Garverick et al., 2013). The development of the oocyte is also impaired in cows 

suffering subclinical ketosis. Leroy et al. (2006) observed that cows experiencing 

subclinical and clinical ketosis conditions have a reduced developmental competence of 

the oocyte due to its unfavorable biochemical environment. The combination of moderate 

BHB and low glucose concentrations is more of a detriment to the oocyte than high BHB 

concentration alone. This may be one of the possible pathways that link subfertility and 

NEB in dairy cows.  
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Estimating the cost for complex disorders like SCK is a challenge due to its 

interactions with other diseases. McArt et al. (2015) calculated an average of the 

component cost of SCK per case to be $177. Thirty-four percent of this cost was related 

to future reproductive problems, 26% to death loss, 26% to a decrease in future milk 

yield, 8% to culling, and 6% to therapeutics, labor and diagnostics. The total average cost 

per case of SCK was $289 (41% due to hyperketonemia, 33% attributable to metritis and 

26% to displaced abomasum). Raboisson et al. (2015) criticized the work done by McArt 

et al. (2015) due to the estimations were based on raw mean values for input parameters, 

and inclusion of only three major contributors (displaced abomasum, metritis and the 

direct influence of SCK), leading to an underestimation of the SCK total cost. Using a 

double-step stochastic method, Raboisson et al. (2015) found that the mean total cost for 

a cow with SCK (BHBA ≥ 1.2 mmol/L) was €257 (95% prediction interval: €72-442). 

The cost increased linearly for cows with high SCK prevalence from Є386 (95% 

prediction interval: Є170–455) to Є451 (95% prediction interval: Є182-590) for 40% and 

50% prevalence, respectively. In their study, the authors added retained placenta, 

lameness, clinical mastitis, clinical ketosis, calving to conception interval, purulent 

vaginal discharge and subclinical endometritis as contributors to the total cost of SCK in 

addition to the three components included by McArt et al. (2015). Although not perfect, 

the economic estimation by Raboisson et al. (2015) is the most accurate estimate 

available for subclinical ketosis.  

Treatment of ketosis consists of lessening the NEB and reducing ketone bodies 

concentrations to below the ketosis threshold levels. Many nutritional strategies to 

overcome or reduce the incidence or severity of metabolic disorders aim to reduce the 



19 
 

severity of the NEB. Some nutritional options include supplementing cows with calcium 

salts of conjugated linoleic acid to reduce milk energy output (Castañeda-Gutiérrez et al., 

2005), decreasing lipogenic:glucogenic ratio in feed (van Knegsel et al., 2005; van 

Knegsel et al., 2007b) or manipulating the supply of glucogenic nutrients in the diets to 

decrease body fat mobilization, decrease BHB plasma concentrations (van Knegsel et al., 

2007a) and enhance the energy density of the diet (Drackley et al., 2003; Hayirli and 

Grummer, 2004). Feeding diets that contain greater non-fiber carbohydrate (NFC) during 

the dry period promote adaptation of rumen microbies to typical diets fed during lactation 

(high NFC concentration) and supports hepatic gluconeogenesis due to the increase in 

propionate provided by the diet (Overton and Waldron, 2004). Propylene glycol, a 

glucogenic precursor, has been used as an oral drench in the treatment of ketosis for a 

long time. A substantial amount of research has reported a decrease in BHB 

concentration when propylene glycol is administered (Grummer et al., 1994; Pickett et 

al., 2003; McArt et al., 2011; Piantoni and Allen, 2015; van der Drift et al., 2015).  

Although much studied in the last two decades, the mechanism which negative 

energy balance and ketosis during early lactation negatively affects fertility is unclear. 

Additional studies are still necessary to clarify these underlying mechanisms.   

 

1.7. Immunosuppression 

Concomitantly with the metabolic adaptations, dairy cows undergo to a period of 

immunosuppression during the transition period. The immunosuppression etiology is 

multifactorial and not completely understood. It seems to be associated with the onset of 

lactation, metabolic stress and physiologic changes related to parturition (Overton and 
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Waldron, 2004). Immune cells involved in adaptive and innate immune response are 

altered, resulting in a high risk of disease for dairy cows postpartum (Ingvartsen and 

Moyes, 2015). Lipid mobilization is a particularly important adaptation during the 

transition period. The release of NEFA into the bloodstream, however, causes a 

disruption in several immune and inflammatory functions (Contreras and Sordillo, 2011). 

Chemotaxis (movement to the site of infection), phagocytosis (engulfment of the 

attacking microorganism) and oxidative burst (capacity to kill the invading 

microorganism) of neutrophils (the first responders to migrate to the site of inflammation) 

are reduced during this period. (Ingvartsen and Moyes, 2015). Compared with plasma 

BHB or glucose, NEFA are considered a better predictor of risk for the development of 

some postpartum diseases (metritis, milk fever and retained placenta). The mechanisms 

of how circulating NEFA can alter negatively the immune response remain unclear 

(Ingvartsen and Moyes, 2013; Ingvartsen and Moyes, 2015). Immune dysfunction is 

associated with reproductive tract inflammatory diseases, such as, metritis, purulent 

vaginal discharge, endometritis and cervicitis which in turn are linked with infertility and 

increased time to pregnancy (Chapinal et al., 2012b; LeBlanc, 2012; Lucy et al., 2014).  

 

1.8. Hormonal status of postpartum dairy cows 

The metabolic and endocrine status of a dairy cow postpartum have a profound 

impact on the hormones that affect reproduction and pregnancy establishment.  The onset 

of lactation is associated with changes in the somatotrophic axis at the level of brain, 

ovary and reproductive tract. Increased concentrations of NEFA and BHB and short-term 

decreases in glucose concentrations postpartum, directly affect the reproductive process 
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and contribute indirectly to changes in metabolic hormones that also influence fertility 

(Wathes, 2012).  

The nutritional status and physiological states of a cow can change the gene 

expression of the growth hormone receptor (GHR) and IGF-1 in the liver. Hepatic 

expression of GHR 1A decreases a few weeks before calving and then increases after 

calving (Lucy et al., 2001). Lipid mobilization is driven mostly by increases in circulating 

growth hormone (GH) that acts on adipose tissue to stimulate lipolysis. During periods of 

NEB, the liver becomes “GH resistant” and there is an uncoupling the GH-IGF-1 axis. 

The GH receptors are downregulated and IGF-1 concentrations in the blood circulation 

are reduced, concomitantly with a decrease in plasma insulin (Bell et al., 2000; Taylor et 

al., 2004b; Velazquez et al., 2008). As part of the nutrient partitioning process, a lactating  

hypoinsulinemic cow reduces the uptake of glucose by insulin-responsive tissues (muscle 

and adipose) to conserve and increase the uptake of glucose by the mammary gland, a 

non-insulin-responsive tissue (Bauman et al., 1983). It is expected then that high 

producing cows have lower levels of circulating insulin.  

Insulin-like growth factor-I is part of the complex IGF superfamily and plays an 

important role in cattle reproduction (Velazquez et al., 2008). Components of the system 

are hereditable and associated with CR to first service and others reproductive traits 

(Taylor et al., 2004b; Patton et al., 2007). In 1950’s, the hypothesis was that GH 

stimulated IGF-1 release only from the liver and then directed it to other tissues via 

circulation. Thirty years later it was found that IGF-1 is produced by several tissues, but 

primarily by the liver in response to GH, forming the basis for the GH-IGF-1 axis (Le 

Roith et al., 2001). Butler et al. (2003) proposed a model of interaction between plasma 
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insulin and GH-IGF-1 axis in the liver and adipose tissue. Specifically, low insulin, 

during early lactation leads to a reduction in hepatic GHR and IGF-1 expression that, 

consequently, decreases IGF-1 plasma concentrations. The loss of plasma IGF-1 in turn 

acts to increase plasma GH. The GHR expression is up-regulated in adipose tissue and 

the high concentration of plasma GH results in greater lipolysis. Although, the 

endocrinology of low IGF-1 and low insulin, and high GH is favorable for milk 

production, it is not desirable for reproduction because it theoretically reduces ovarian 

responsiveness to gonadotropins (Chagas et al., 2007; Lucy, 2008). Low insulin and IGF-

1 can decrease the secretion of gonadotropin-releasing hormone (GnRH) by 

hypothalamus, and therefore modify follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH) release (Lucy, 2008). Both LH and FSH play an important role in 

follicular growth and development as well as ovulation (Atkins et al., 2013).  

Progesterone, a steroid hormone secreted by CL and placenta, plays a key role in 

reproduction including the establishment and maintenance of pregnancy. Uterine 

receptivity for implantation, pregnancy recognition and maternal-conceptus interactions 

are events that require the action of progesterone, so that conceptus growth and 

development are adequate. High-yielding cows have low concentrations of circulating 

progesterone, and this has been associated with low pregnancy and CR in dairy cattle 

(Diskin and Morris, 2008). The precursor for the production of progesterone is 

cholesterol, and can come from sources, such as, cellular membranes, cholesterol ester 

stores, circulating lipoprotein and or de novo cholesterol biosynthesis (Wiltbank et al., 

2014). Production of progesterone also depends on factors as development of CL after 

LH surge, luteinization of granulosa cells into large luteal cells, and progesterone 
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production by these large luteal cells. Although it has been showed that circulating 

progesterone in non-lactating cows increases with loss of BCS due to its release from 

adipose tissue (Rodrigues et al., 2011; Ferraretto et al., 2014), the key factor that 

regulates progesterone circulation is liver blood flow (Wiltbank et al., 2006). The 

circulating progesterone concentrations are negatively correlated with increased DMI due 

to its increase in liver blood flow (Sangsritavong et al., 2002; Vasconcelos et al., 2003; 

Wiltbank et al., 2006; Wiltbank et al., 2012). Liver tissue has an abundant amount of 

enzymes involved in the metabolism of progesterone. When liver blood flow increases, 

the concentration of circulating progesterone is reduced, though the enzymes that 

metabolize progesterone remain the same (Wiltbank et al., 2014). 

 

1.9. Summary  

Advancements in nutrition, technologies and management combined with genetic 

selection have allowed for greater cow performance. Reduced fertility, however, still 

remains an issue for producers. The natural homeohretic and homeostatic responses 

observed in cows during the periparturient period are unable to prevent transition 

disorders and the decline in fertility. Although research has been done in this area, a 

deeper understanding of the physiological changes postpartum, and their relationship 

with fertility are a key factor for overcoming the low conception and pregnancy rate on 

dairy farms. 
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CHAPTER II 

 

ASSOCIATIONS BETWEEN PLASMA HORMONES AND 

METABOLITES DURING THE FIRST FOUR WEEKS 

POSTPARTUM AND FERTILITY IN HOLSTEIN DAIRY 

COWS 

 

2.1. Introduction 

Dairy cows are exposed to physiological, hormonal and metabolic challenges 

during transition period. The majority of transition disorders, such as, milk fever, ketosis, 

displaced abomasum, retained placenta, metritis and mastitis are developed in the first 

weeks postpartum (Drackley, 1999). Homeohretic and homeostatic mechanisms are 

essential to milk synthesis. Nutrient partitioning prioritizes milk production and redirects 

most of the nutrients towards the mammary gland (Bauman, 2000). Negative energy 

balance is observed because of an increase in energy requirements for lactation and 

inadequate dry matter energy intake (Overton and Waldron, 2004). As a consequence 

body reserves are mobilized for additional energy. The periparturient period demands 

large changes in glucose utilization and distribution. Eighty-five percent of total body 

glucose goes to the mammary gland at the onset of lactation (Bickerstaffe et al., 1974). 

Lactose is the component in the milk that requires glucose for its production. In order to 

spare glucose for milk synthesis and to maintain blood glucose concentrations, 

gluconeogenesis must increase sharply postpartum (Bell and Bauman, 1997). When the 



25 
 

requirements for energy are not achieved, lipid mobilization and metabolism of fatty 

acids in the liver are an important mechanism to supply energy needed.  

Metabolism of TAG is an important process during early lactation to use NEFA 

as an alternative fuel source for maintenance of many tissues, except the brain (Gordon 

and Cherkes, 1956; Gordon, 1957). Also, NEFA are used for up to 40% of milk fat in the 

first weeks of lactation (Bell, 1995). The liver has the capacity to remove approximately 

15 to 20% of NEFA from the circulation. When the liver is overwhelmed, NEFA are 

metabolized into ketone bodies (acetone, AcAc and BHB). During NEB, ketone bodies 

also play an important role sparing glucose utilization and serving as an alternative 

energy source for the brain (Herdt, 2000; Drackley and Andersen, 2006). Both NEFA and 

BHB are essential for energy during the first weeks of lactation, but may have 

detrimental effects on reproduction. Although this topic is well studied, the results are 

inconsistent. Some authors found that elevated blood NEFA concentrations decreased the 

risk of pregnancy in dairy cows (Ospina et al., 2010a; Garverick et al., 2013), while 

others did not find the relationship between NEFA and pregnancy (Chapinal et al., 2012a; 

Green et al., 2012). Elevated ketones bodies in the circulation can lead to the 

development of ketosis, a transient postpartum disorder. Hyperketonemia has been 

associated with impaired uterine health, poor reproductive performance and a decrease in 

milk production (Duffield et al., 2009; Galvão et al., 2010; Ospina et al., 2010a; LeBlanc 

et al., 2011; Chapinal et al., 2012b). Although NEFA and BHBA are commonly 

associated and presented together, they are not well correlated (McCarthy et al., 2015). 

These physiological changes that occur postpartum in order to support lactation may be 

related to the decrease in fertility in dairy cows (Lucy, 2003). 
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The objective of this experiment was to evaluate the effects of hormones and 

metabolites postpartum and their impacts on subsequence establishment of pregnancy in 

Holstein dairy cows. We hypothesized that metabolic and hormonal changes during the 

first four weeks of lactation are associated with reproductive performance of Holstein 

dairy cows.  

 

2.2. Materials and Methods 

 

Animals 

Two hundred and four Holstein cows from the University of Missouri Foremost 

Dairy Research and Teaching Farm were used in this experiment. This study was 

conducted from September 2013 to October 2014. Eighty (approximately 40%) 

primiparous (first lactation) cows and 124 (approximately 60%) multiparous (two or 

more lactations) cows were enrolled in the study immediately after calving and remained 

on the study for the first four weeks postpartum. After calving, cows were housed in 

confinement style barns. Cows were fed total mixed ration (TMR) for ad libitum 

consumption twice daily at 0700 and 1400 h. Cows were milked twice daily (0400 and 

1600 h) and the rolling herd average (305 ME) was 11,383 kilograms. Animals were 

enrolled in the PreSynch OvSynch56 protocol at approximately 38 days postpartum. The 

PreSynch protocol consisted of an injection of PGF2α (5 mL Lutalyse; 25mg dinoprost 

tromethamine; Zoetis Inc., Florham Park, NJ) with a second PGF2α injection 14 days 

later.  The OvSynch56 protocol began 14 d after PreSynch completion with an injection 

of GnRH (2 mL Factrel; 100 µg gonadorelin, IM; Zoetis Inc., Florham Park, NJ), 
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followed 7 days later by a PGF2α injection, followed 56 h later by a GnRH injection, and 

completed with timed artificial insemination 16 h after.  All procedures were approved by 

the University of Missouri Animal Care and Use Committee (ACUC).  

 

Blood samples 

After calving, cows were sample once per week at 5.2 ±1.4, 12.3 ±1.5, 19.2 ±1.5, 

and 26.2 ±1.4 days postpartum during week one, two, three and four, respectively.  

During the first three months of this study, blood samples were harvested only for 

cowside BHB measurements and plasma was not stored during this time. Cows had blood 

BHB measured cowside by using a handheld meter (Precision Xtra; Abbott Diabetes 

Care, Alameda, CA). The collection of blood samples and storage of plasma, as well as 

measurement of glucose cowside using Precision Xtra started in November 2013 and 

remained until the end of this study in October 2014. Glucose measurements and blood 

samples were collected from 128 cows. Ten mL of whole blood was collected from the 

coccygeal vessels into an evacuated sterile tube containing EDTA (10 mL Monoject 

16mm x 100mm blood collection tubes, Covidien, Minneapolis, MN) and immediately 

placed on ice for transport back to laboratory. Centrifugation of blood (1500 x g for 15 

min at 4˚C) was performed to separate plasma. Plasma was stored at -20˚C in 

polypropylene tubes for further analysis.  

 

Parity 

For the purposes of statistical analyses, first parity cows were analyzed as 

primiparous and parity ≥2 was defined as multiparous (second or more parities). 
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Laboratory analyses 

Metabolites concentrations were determined by enzymatic colorimetric assays 

from commercially available kits that were modified for use in 96-well microplates 

(Costar, Corning Inc., Acton, MA) and read using a microplate reader spectrophotometer 

(Synergy II BioTek, Winooski, VT). A standard curve was created from glucose and 

NEFA standards. Regression equations were used to estimate glucose and NEFA 

concentrations in the samples.  

Plasma glucose concentrations were analyzed by using the glucose oxidase 

method (Pointe Scientific Inc., Canton, MI). A standard curve was created by using a 

glucose standard. The points of the standard curve were 0, 25, 50, 100, 200 and 400 

mg/dL. Plasma NEFA concentrations were determined using NEFA HR(2) reagents 

(WAKO Chemicals USA, Inc., Richmond, VA). A standard curve was created using 

NEFA standard and the curve points were 0, 250, 500, 1000, 2000 and 4000 µEq/L. 

Progesterone and IGF-1 plasma concentrations were measured by validated 

homologous double antibody radioimmunoassay (RIA; Rhoads et al., 2008; Pohler et al., 

2016), respectively. Plasma IGF-1 was measured in four assays and progesterone was 

measured in three assays. The RIA were performed by Dr. Duane Keisler’s laboratory.  

 

Statistical Analysis  

A total of 107 cows with a complete set of data (BHB, NEFA, IGF-1, glucose 

measured in the lab and cowside, progesterone and reproductive data) were retained for 

statistical analysis. Cows were categorized as parity one (n = 47) or two and greater (n = 

60). All data analysis were performed using SAS (version 9.4; SAS Institute Inc., Cary, 
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NC) with cow treated as the experimental unit. All the variables were checked for 

normality using the UNIVARIATE procedure. The NEFA and BHBA data required 

normalization. The TRANSREG procedure was used to identify a Box-Cox 

transformation (-0.1 for the NEFA data and -0.2 for the BHBA data) to normalize the 

data.  

A generalized linear mixed model analysis using the GLIMMIX procedure was 

performed to examine the effects of cyclicity status. The model included fixed effects as 

parity, pregnancy status, and parity x pregnancy status. The binomial distribution was 

selected as the response distribution. A repeated measures mixed model analysis using 

the MIXED procedure was performed to examine the effects of pregnancy status 

(pregnant to first service or pregnant after three inseminations) and parity. The model 

included fixed effects as pregnancy status, week, parity and the interactions of pregnancy 

status x week, pregnancy status x parity, and parity x week. Week was the specific term 

for the repeated statement with cow nested within the interaction of pregnancy status x 

parity as the subject. An autoregressive covariance structure was used. Cow nested within 

the interaction of pregnancy status x parity was included as a random effect. The PDIFF 

option was used to separate least square means. Significance was declared at P ≤ 0.05, 

and tendency was considered when 0.05 < P ≤ 0.10. Data are reported as least squares 

means ± SEM. 
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2.3. Results 

 

Progesterone 

A total of 20 (43%) primiparous cows and 23 (38%) multiparous cows became 

pregnant after first AI (Table 2.1). There was a tendency (P < 0.08) to have a parity effect 

on cyclicity. Thirty one (66%) primiparous cows were cycling on week 3 and (or) week 4 

compared with 28 (47%) multiparous cows cycling on week 3 and (or) week 4 

postpartum (Table 2.2). There was no associations of pregnancy status after first AI, or 

parity on plasma progesterone (P > 0.15; Figure 2.1 and 2.2). There was a sample effect 

on plasma progesterone concentrations (P < 0.0001). Plasma progesterone at week 1 and 

week 2 postpartum (0.07 ±0.14 and 0.10 ±0.14 ng/mL, respectively) were similar (P > 

0.50). Plasma progesterone concentrations from week 3 to week 4 had a two-fold 

increase (0.98 ±0.14 and 1.99 ±0.14 ng/mL, respectively). Plasma progesterone 

concentrations on week 3 and week 4 were significantly different (P < 0.0001). No 

significant effect was found for parity by sample, for pregnancy status by sample or for 

pregnancy status by parity interaction when plasma progesterone concentrations were 

analyzed (P > 0.15). 

A total of 35 (75%) primiparous cows and 45 (75%) multiparous cows became 

pregnant after three AI (Table 2.1). There was a parity effect on cyclicity (P = 0.02). 

More primiparous cows were cycling on week 3 and (or) week 4 compared multiparous 

cows cycling on the same period (Table 2.2).There was no effect of parity or pregnancy 

status after 3 AI on plasma progesterone concentrations (P ≥ 0.27; Figure 2.2). Similar to 

previous results, there was a sample effect on plasma progesterone concentrations (P < 
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0.0001).  At week 1 and week 2 postpartum, plasma progesterone concentrations (0.07 

±0.15 and 0.08 ±0.16 ng/mL, respectively) were similar (P > 0.60). Plasma progesterone 

concentrations from week 3 and 4 (0.78 ±0.15 and 1.92 ±0.15 ng/mL, respectively) were 

statistical different (P < 0.0001). Also, no significant effects of parity by sample, 

pregnancy status by sample or pregnancy status by parity interaction for plasma 

progesterone concentrations were observed (P ≥ 0.37).  

 

Insulin-like growth factor-1 

For the pregnancy status after first AI, there was no effect of pregnancy status on 

plasma IGF-1 concentrations (P > 0.30; Figure 2.2). Primiparous cows had greater IGF-1 

(98.4 ±4.4 ng/mL; P < 0.0001) compared with multiparous cows (62.7 ±4.0 ng/mL; 

Figure 2.1). An effect of sample on plasma IGF-1 concentration was observed (P < 

0.0001). Cows had lower IGF-1 concentrations at week 1 (72.2 ±3.4 ng/mL; P < 0.0001) 

compared with weeks 2, 3 and 4 (80.7 ±3.4, 87.2 ±3.4 and 81.9 ±3.4 ng/mL, respectively) 

and IGF-1 concentrations at week 2 were lower than week 3 (P = 0.02). There was an 

effect of pregnancy status after first AI by sample interaction for plasma IGF-1 

concentrations (P < 0.05). Non-pregnant cows had lower (P ≤ 0.0003) IGF-1 

concentrations at week 1 (65.3 ±4.3 ng/mL) compared with weeks 2, 3 and 4 (78.9 ±4.3, 

83.9 ±4.3 and 81.5 ±4.3 ng/mL, respectively). There was also an effect of sample by 

parity for plasma IGF-1 concentrations (P = 0.04). Primiparous cows had lower plasma 

IGF-1 concentrations at week 1 compared with week 2 and 3 (P ≤ 0.03; Figure 2.1). At 

week 4 primiparous cows had lower IGF-1 concentrations than on week 3 (P = 0.02; 

Figure 2.1). Plasma IGF-1 concentrations in multiparous cows at week 1 were lower than 
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on week 3 and 4 (P ≤ 0.005; Figure 2.1). The pregnancy status after first AI by parity 

interaction for IGF-1 concentrations was not significant (P > 0.58).  

When the outcomes from 3 AI were analyzed, there was no effect of pregnancy 

status for plasma IGF-1 concentrations (P > 0.96). Similar to previous results, there was 

an effect of sample on IGF-1 concentrations (P < 0.001). Cows had lower IGF-1 

concentrations at week 1 (69.7 ±3.8 ng/mL; P ≤ 0.0004) than weeks 2, 3 and 4 (80.3 ±3.8, 

87.7 ±3.8 and 83.0 ±3.7 ng/mL, respectively) and IGF-1 concentrations at week 2 was 

different from week 3 (P = 0.02). There was a parity effect on IGF-1 concentrations (P < 

0.0001) because primiparous cows had greater IGF-1 concentrations (97.7 ±4.7 ng/mL) 

than multiparous cows (62.7 ±4.2 ng/mL).  The parity by sample interaction for plasma 

IGF-1 concentrations was significant (P = 0.04). Primiparous cows had lower IGF-1 

concentrations at week 1 (87.6 ±5.3 ng/mL) compared with week 2 and 3 (100.3 ±5.3 and 

106.7 ±5.3 ng/mL, respectively; P ≤ 0.01). There was a tendency (P < 0.07) for 

primiparous cows to have lower IGF-1 concentrations on week 4 (96.2 ±5.3 ng/mL) 

compared with week 3. The IGF-1 concentrations for multiparous cows were lower on 

week 1 (51.8 ±4.7 ng/mL) compared with week 3 and 4 (68.7 ±4.7 and 69.9 ±4.7ng/mL 

respectively; P ≤ 0.0004). There were no effects of pregnancy status after 3 AI by sample 

(P = 0.39), or pregnancy status after 3 AI by parity (P = 0.61) on plasma IGF-1 

concentrations.  

 

Non-esterified fatty acids 

When the outcomes of first insemination were analyzed, there was no effect of 

pregnancy status on plasma NEFA concentrations (P = 0.96). There was an effect of 
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parity on NEFA concentrations (P < 0.0001). Multiparous cows had greater plasma 

NEFA concentrations (479.5 ±20.3 µEq/L) than primiparous cows (358.2 ±22.6 µEq/L). 

There was also an effect of sample on NEFA concentrations (P < 0.0001). Overall, cows 

had greater NEFA concentrations on week 1 (494.7 ±22.0 µEq/L) compared with week 2, 

3 and 4 (421.9 ±22.0, 401.4 ±21.9 and 397.2 ±21.9 µEq/L, respectively; P < 0.01) and a 

tendency (P < 0.08) to have greater NEFA concentrations on week 2 than on week 4. No 

sample by parity, pregnancy status by parity or sample by pregnancy status interactions 

for NEFA concentrations were found (P > 0.76; Figure 2.3 and Figure 2.4).  

Similar results were found when the outcomes after 3 AI were considered in the 

model. There were no effects of pregnancy status on plasma NEFA concentrations (P = 

0.80; Figure 2.4).  There was an effect of parity on plasma NEFA concentrations (P < 

0.0001). Multiparous cows had greater plasma NEFA concentrations (477.3 ±21.6 

µEq/L) compared with first parity cows (357.2 ±24.0 µEq/L). There was also an effect of 

sample on NEFA concentrations (P = 0.0003). Cows had a greater (P = 0.0005) plasma 

NEFA concentrations on week 1 (475.2 ±24.6 µEq/L) than on week 4 (354.6 ±24.3 

µEq/L), and a tendency (P = 0.06) to have greater NEFA concentrations on week 2 

(430.1 ±24.8 µEq/L) compared with week 4. No effects of sample by parity, pregnancy 

status by parity or sample by pregnancy status for NEFA concentrations were observed 

(P > 0.20).  

 

β-hydroxybutyrate 

There was no effects of pregnancy status after 1 AI or sample on BHB 

concentrations (P > 0.18; Figure 2.4). There was an effect of parity on BHB 
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concentrations (P < 0.0001; Figure 2.3). Multiparous cows had greater (P < 0.0001; 

Figure 2.3) BHB concentrations (0.77 ±0.05 mmol/L) than first parity cows (0.56 ±0.06 

mmol/L). There was a tendency (P = 0.09) for a pregnancy status after first AI by sample 

interaction for BHB concentrations (Figure 2.4). Non-pregnant cows had greater BHB 

concentrations on week 1 (0.75 ±0.08 mmol/L) compared with week 3 (0.59 ±0.06 

mmol/L). There was no significant effect of pregnancy status by parity (P > 0.49) or 

parity by sample (P > 0.44) interaction for BHB concentrations.  

When the outcome from 3 AI was analyzed, there was no effect of pregnancy 

status on BHB concentrations (P > 0.96). There was an effect of parity on BHB 

concentrations (P < 0.0001), because first parity cows had lower (0.55 ±0.05 mmol/L) 

BHB concentrations compared with multiparous cows (0.79 ±0.07 mmol/L). There was a 

sample effect on BHB concentrations (P = 0.006). Cows had greater (P = 0.03) BHB 

concentrations at week 1 (0.74 ±0.07 mmol/L) compared with week 3 (0.60 ±0.05 

mmol/L), and a tendency (P < 0.06) when compared with week 4 (0.63 ±0.06 mmol/L). 

The pregnancy status by sample interaction for BHB concentrations had a tendency to be 

significant (P < 0.09; Figure 2.4). Non-pregnant cows had greater (P = 0.01) BHB 

concentrations at week 1 (0.80 ±0.12 mmol/L) compared with week 3 (0.56 ±0.08 

mmol/L). There was a tendency (P = 0.06) for pregnancy status by parity interaction for 

BHB concentrations. There was no effect of parity by sample interaction on BHB 

concentrations (P > 0.41).  
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Glucose measured with laboratory procedures 

There were no effects of pregnancy status after first AI or sample on plasma 

glucose concentrations (P ≥ 0.33; Figure 2.5 and 2.6). A significant effect of parity on 

plasma glucose concentrations was observed (P < 0.0001). First parity cows had greater 

glucose concentrations (62.3 ±0.8 mg/dL; P < 0.0001) compared with multiparous cows 

(54.9 ±0.7 mg/dL). There was an effect of sample by parity on plasma glucose 

concentration (P < 0.05).  Primiparous cows had greater glucose concentrations on all 

four weeks postpartum when compared with multiparous cows (Figure 2.5). There was 

no effect of pregnancy status by sample, or pregnancy status by parity on plasma glucose 

concentrations (P > 0.40; Figure 2.5 and 2.6).  

Similar to previous results, there were no effects of pregnancy status after 3 AI or 

sample on plasma glucose concentrations (P > 0.20; Figure 2.6). A significant effect of 

parity on plasma glucose concentrations was observed (P < 0.0001). Primiparous cows 

had greater plasma glucose concentrations (62.1 ±0.9 mg/dL) than multiparous cows 

(54.8 ±0.8 mg/dL). There was a significant effect of parity by sample on plasma glucose 

concentrations (P = 0.04). First parity cows had greater glucose concentrations in all four 

weeks postpartum when compared with multiparous cows (P < 0.01). Multiparous cows 

had lower glucose concentrations on week 1 (53.1 ±1.0 mg/dL; P = 0.04) compared with 

week 4 (56.4 ±1.0 mg/dL; Figure 2.5).There was no significant effect for pregnancy 

status by sample or pregnancy status by parity interaction on plasma glucose 

concentrations (P > 0.27).  
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Glucose measured cowside with the hand-held meter 

There was no effect of pregnancy status after first AI on glucose concentrations (P 

> 0.33; Figure 2.6). There was an effect of parity on glucose concentrations (P < 0.0001). 

Primiparous cows had greater glucose concentrations (60.4 ±1.0 mg/dL) compared with 

multiparous cows (51.2 ±0.9 mg/dL; Figure 2.5). There was a sample effect on glucose 

concentrations on (P = 0.003). Cows had lower glucose concentrations (P < 0.03) on 

week 1 (53.7 ±1.0 mg/dL) compared with weeks 3 (57.6 ±1.0 mg/dL) and 4 (56.6 ±1.0 

mg/dL). There was no effect of pregnancy status by sample (P > 0.42), pregnancy status 

by parity (P > 0.66) or parity by sample (P > 0.14) for glucose concentrations.  

Similar to previous results there was no effect of pregnancy status after 3 AI on 

glucose concentrations (P > 0.79; Figure 2.6). There was an effect of parity on glucose 

concentrations (P < 0.0001). First parity cows had greater glucose concentrations (60.4 

±1.1 mg/dL) compared with multiparous cows (51.3 ±1.0 mg/dL). There was a sample 

effect, because glucose concentrations were different during the four weeks postpartum 

(P < 0.0001). Cows had lower glucose concentrations at week 1 (52.8 ±1.1 mg/dL; P < 

0.0001) compared with week 3 (58.5 ±1.1 mg/dL) and week 4 (56.7 ±1.1 mg/dL). At 

week 2 (55.3 ±1.1 mg/dL) glucose concentrations were lower than week 3 (P < 0.03). A 

tendency (P = 0.08) to have an effect of pregnancy status after 3 AI by sample interaction 

for glucose concentrations was observed. Non-pregnant cows had greater glucose 

concentrations on week 3 postpartum (59.8 ±1.8 mg/dL; P = 0.0007) compared with 

week 1(51.0 ±1.8 mg/dL). There was no effect of pregnancy status by parity (P = 0.26) or 

parity by sample (P > 0.12) for glucose concentrations.  

 



37 
 

2.4. Discussion 

Overall, cows had a good fertility after first AI (40%), achieving a remarkable 

75% of pregnant cows after 3 AI. Although primiparous cows had a greater percentage of 

pregnant cows after first AI, the ratio of pregnant cows after 3 AI were similar (Table 

2.1). Overall, 55% of all cows presented luteal activity (progesterone concentrations 

greater 1.0 ng/mL) on week 3 and (or) week 4 postpartum. First parity cows had 

approximately 20% more cows cycling postpartum compared with multiparous cows 

(Table 2.2). These findings could be explained by primiparous cows having less negative 

energy balance. The NEB is known for its detrimental effects on resumption of ovarian 

activities (El-Din. Zain et al., 1995). Multiparous cows tend to have greater energy 

demands for milk production because they produce more milk than primiparous cows. 

Progesterone concentrations at week 1 and 2 postpartum were basal, as expected. On the 

third week of lactation cows started to have luteal activity. On average, progesterone 

concentrations doubled from week 3 to week 4 of lactation (Figure 2.1). Cows typically 

start ovulating 14 to 21 days postpartum and this first ovulation is usually silent (Morrow 

et al., 1966). More recent studies indicate that modern cows have longer postpartum 

intervals (25 to 45 days) to first ovulation (Crowe et al., 2014). Concentrations of 

progesterone during the first four weeks of lactation were not different in primiparous 

and multiparous cows or for pregnant and non-pregnant cows after first or 3 AI. In this 

study there were no associations of early ovulation and fertility. This is different from 

previous reports (Kawashima et al., 2006).   

The IGF-1 concentrations were low on the first week of lactation (72.2 ng/mL) 

and gradually increased up to the third week of lactation. This is consistent with the 
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findings of Brown et al. (2012). Non-pregnant cows compared with pregnant cows after 

first AI had lower IGF-1 concentrations on week 1. The GHR decreases days before 

calving and remains low for about 1 week. This leads to a decrease in plasma IGF-1 

concentrations. Low IGF-1 concentrations leads to an impaired response of the ovary to 

gonadotropins, consequently causing a decrease in follicular growth and low fertility 

(Lucy, 2008). Overall, multiparous cows had lower IGF-1 concentrations compared with 

first parity cows. Plasma IGF-1 concentrations are directly related to energy balance, and 

multiparous cows usually have greater lactation demand than primiparous cows. Wathes 

et al. (2007) observed similar results. In their study, primiparous cows had greater IGF-1 

concentrations during 7 weeks postpartum compared with multiparous cows.  

Concentrations of NEFA were greater for multiparous cows compared with 

primiparous cows and gradually decreased over time as cows started to increase 

consumption of energy needed for maintenance and milk production. These findings were 

similar to Brown et al. (2012). The NEFA are formed postpartum to be used as an 

alternative energy source when cows do not consume adequate energy during early 

lactation. Although authors have found associations between NEFA concentrations and 

pregnancy status (Ospina et al., 2010a; Garverick et al., 2013), no associations were 

found between NEFA concentrations and pregnancy status after 1 or 3 AI in this 

experiment. This findings are supported by Chapinal et al. (2012a) and Green et al. 

(2012) that found no relationship between NEFA concentrations and pregnancy status. 

The BHB, similar to NEFA, were not associated with pregnancy status after 1 or 3 

AI or sample after first AI (Table 2.3 and 2.4). Multiparous cows compared with first 

parity cows had greater BHB concentrations. Non-pregnant cows tended to have greater 
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BHB concentrations on week 1 postpartum. The BHB are a product of metabolized 

NEFA and used as energy source during NEB periods. Results of studies evaluating BHB 

concentrations and reproductive performance are not consistent. A decrease in 

reproductive performance is observed when concentrations of BHB are ≥1.0 (Walsh et 

al., 2007; Ospina et al., 2010a; McArt et al., 2012; McArt et al., 2013). Moore et al. 

(2014) did not observe a relationship between BHB concentrations postpartum and good 

versus poor fertility cows.  

Glucose concentrations measured with the laboratory assay and hand-held meter 

had some similarities. Pregnancy status after first or 3 AI were not associated with 

glucose concentration regardless of methods. These findings are contradictory to results 

from Garverick et al. (2013). They found that pregnant cows after first AI had greater 

plasma glucose concentration at day 0 and 3 postpartum compared with non-pregnant 

cows. For both measurements methods, first parity cows had greater glucose 

concentration compared with multiparous cows. This could be attributed to primiparous 

cows producing less milk during first lactation, consequently, the requirement for glucose 

was lower compared with second or more lactation cows. Glucose measured with the 

laboratory assay was affected by the parity by sample interaction and this was mostly 

driven by the parity effect (Figure 2.5). A tendency for non-pregnant cows to have greater 

average glucose concentration at sample 3 was observed. Glucose measured with the 

meter increased over time during the four weeks postpartum (Figure 2.6). These was 

expected, as cows increase DMI with successive weeks postpartum (Bell, 1995).  
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2.5. Conclusion 

While associations of IGF-1, NEFA, BHB, and glucose with parity were 

observed, progesterone, NEFA and glucose were not associated with pregnancy outcomes 

after first or 3 AI. Pregnancy status after 1 AI by sample interactions were associated 

with IGF-1 and BHB concentrations. Pregnancy status after 3 AI by sample interactions 

were associated with glucose analyzed with laboratory procedures and BHB 

concentrations. In conclusion, our hypothesis that metabolic and hormonal changes 

during the first four week of lactation are associated with reproductive performance in 

Holstein dairy cows could be partially supported. For the most part, hormones and 

metabolites early postpartum were not associated with pregnancy later postpartum.  
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Table 2. 1. Number of Holstein cows pregnant after one or three AI. 

 

    Pregnancy 

Item N First AI (%) 3 AI (%) 

Primiparous 47 20/47 (43) 35/47 (75) 

Multiparous 60 23/60 (38) 45/60 (75) 

 

 

 

 

 

Table 2. 2. Number of Holstein cows cycling on week 3 or (and) week 4. 

 

    Cycling 

Item N Yes (%) No (%) 

Primiparous 47 31/47 (66) 16/47 (34) 

Multiparous 60 28/60 (47) 32/60 (53) 
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Table 2. 3. Results of the MIXED procedure analysis of pregnancy after first AI in Holstein with a 

statistical model that included AI, parity, sample and their interactions. 

Item IGF-1 Progesterone NEFA BHB Glucose Lab Glucose Meter 

AI NS NS NS NS NS NS 

Parity 0.0001 NS 0.0001 0.0001 0.0001 0.0001 

Sample 0.0001 0.0001 0.0001 0.1867 NS 0.0030 

AI*Parity NS NS NS NS NS NS 

AI*Sample 0.0490 0.1525 NS 0.0982 NS NS 

Parity*Sample 0.0414 NS NS NS 0.0486 0.1405 

 NS = not significant  

 

 

Table 2. 4. Results of the MIXED procedure analysis of pregnancy after three AI in Holstein with a 

statistical model that included AI, parity, sample and their interactions. 

Item IGF-1 Progesterone NEFA BHB Glucose Lab Glucose Meter 

AI NS NS NS NS NS NS 

Parity 0.0001 NS 0.0001 0.0001 0.0001 0.0001 

Sample 0.0001 0.0001 0.0003 0.0061 NS 0.0001 

AI*Parity NS NS NS 0.0617 NS NS 

AI*Sample NS NS 0.1952 0.0878 NS 0.077 

Parity*Sample 0.0364 NS NS NS 0.0403 0.1273 

NS = not significant 
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Figure 2. 1. Plasma concentrations of progesterone (A) and IGF-1 (B) for Holstein first 

parity and multiparous cows sampled during the first four weeks of lactation. Progesterone 

(A): effects of sample (P<0.001) were observed. IGF-1 (B): effects of parity (P<0.001), 

sample (P<0.0001) and parity by sample (P=0.04) were observed. 
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Figure 2. 2. Plasma concentrations of progesterone (A and B) and IGF-1 (C and D) for 

Holstein pregnancy status after first AI (A and C) and after 3 AI (B and D) sampled during 

the first four weeks of lactation. (P>0.20). Progesterone (A and B): no significant effects 

on pregnancy status neither pregnancy status by sample were observed (P>0.1); effects of 

sample (P<0.0001) were observed. IGF-1 (C): effects of sample (P<0.0001) and pregnancy 

status by sample (P < 0.05) were observed; IGF-1 (D): effects of weeks postpartum 

(P<0.0001) were found.  
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Figure 2. 3. Plasma concentrations of NEFA (A) and BHB (B) for Holstein first parity and 

multiparous cows sampled during the first four weeks of lactation. NEFA (A): effects of 

parity (P<0.0001) and sample (P<0.0001) were observed. BHB (B): significant effects of 

parity (P<0.0001) were observed. 
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Figure 2. 4. Plasma concentrations of NEFA (A and B) and BHB (C and D) for Holstein 

pregnancy status after first AI (A and C) and after 3 AI (B and D) sampled during the first 

four weeks of lactation. NEFA (A and B): pregnancy status and pregnancy status by weeks 

postpartum effects were not significant (P>0.20) and effects of sample (P<0.0003) were 

observed. BHB (C and D): a tendency of pregnancy status by sample effects were observed 

(P<0.1). BHB (D): effects of sample were observed (P=0.006). 
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Figure 2. 5. Plasma and blood concentrations of glucose measured with a laboratory assay 

(A) and a hand-held meter (B) for Holstein first parity and multiparous cows sampled 

during the first four weeks of lactation. Plasma glucose (A): significant parity (P<0.0001) 

and parity by sample (P<0.05) effects were observed. Blood glucose (B): parity (P<0.0001) 

and sample (P=0.003) significant effects were observed. 
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Figure 2. 6. Plasma and blood concentrations of glucose measured with a laboratory assay 

(A and B) and a hand-held meter (C and D) for Holstein pregnancy status after first AI (A 

and C) and after 3 AI (B and D) sampled during the first four weeks of lactation. Plasma 

glucose (A and B): the effects of pregnancy status (P>0.6) and pregnancy status by weeks 

postpartum (P>0.2) were not significant. Blood glucose (D): a tendency of pregnancy status 

by weeks postpartum (P=0.08) effects were observed.  
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CHAPTER III 

 

ASSOCIATIONS BETWEEN PLASMA HORMONES AND 

METABOLITES DURING THE FIRST FOUR WEEKS 

POSTPARTUM AND FERTILITY IN JERSEY DAIRY COWS 

 

3.1. Introduction 

The Jersey breed is found throughout the world because of their efficiency and 

ability to adapt to different management and climatic conditions. Although Holsteins 

continue to be the predominant dairy breed in United States, approximately 18% of 

operations have Jersey in their herds, although only 3.5% of these operations have Jersey 

as the primary breed (NAHMS, 2007). An increased market interest in milk solids 

(protein and fat) makes Jersey cows a valuable option for today’s milk market.  

Fonseca et al. (1983) showed a comparison of reproductive traits of Jerseys and 

Holsteins. Interval to cervical and uterine involution, days from calving to first ovulation, 

interval from calving to first detected estrous and first artificial insemination were on 

average lower in Jersey than Holstein cows. Also, CR at first insemination was on 

average greater in Jerseys compared with Holsteins. In a more recent study (Brown et al., 

2012), Jerseys had fewer days open (132 days) compared with Holsteins (169 days), 

which was positively correlated with number of services per pregnancy. Also, the Jersey 

group had more cows with progesterone concentrations greater than 1 ng/mL compared 

with the Holstein group. These differences may explain the differences in successful 
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pregnancies (Brown et al., 2012). There is very little data showing the physiological 

changes postpartum and their correlation with reproductive performance of Jersey.  

The objective of this experiment was to evaluate the effects of hormones and 

metabolites postpartum and their impact on subsequence establishment of pregnancy in 

Jersey dairy cows. We hypothesized that metabolic and hormonal changes during the first 

four weeks of lactation have negative carryover effects on reproductive performance of 

Jersey dairy cows later in lactation. 

 

3.2. Materials and Methods 

 

Animals 

One hundred and forty eight Jersey cows from the Kloppe Dairy Farm (New 

Haven – MO) were used in this experiment. The study was conducted from September 

2015 to November 2015. A total of 50 (approximately 34%) primiparous (first lactation) 

cows and 98 (approximately 66%) multiparous (two or more lactations) cows were 

enrolled in the study immediatly after calving and remained in the study for 4 weeks 

postpartum. After calving, cows were housed in confinement style barns. Cows were fed 

a total mixed ration (TMR) for ad libitum consumption. Cows were milked twice daily. 

The rolling herd average was 6,729 kilograms (305 ME).  The voluntary waiting period 

in this farm was 50 days. Estrus detection is up to day 65 postpartum. If no sign of 

estrous is detected, a veterinarian ultrasounds the cows and chooses the proper procedure 

to be followed. If no sign of estrous is observed up to day 75 postpartum, the cow will be 

started on an Ovsynch56 protocol (described in the material and methods from previous 
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chapter; section 2.2). All the procedures were approved by the University of Missouri 

Animal Care and Use Committee (ACUC).  

 

Blood samples 

After calving, cows were blood sampled once per week in the morning at 4.9 

±2.1, 11.9 ±2.1, 18.9 ±2.1 and 26.0 ±2.1 days postpartum during week one, two, three 

and four, respectively. Ten mL of whole blood was collected from either the coccygeal 

vein or artery into an evacuated sterile tube containing EDTA (10 mL Monoject 16mm x 

100mm blood collection tubes, Covidien, Minneapolis, MN) and immediately placed on 

ice for transport back to laboratory. Centrifugation of blood (1500 x g for 15 min at 4˚C) 

was performed to separate plasma. The plasma was stored at -20˚C in polypropylene 

tubes for further analysis. At the time that each sample was collected, blood BHB and 

glucose were measured cowside by using a handheld meter (Precision Xtra; Abbott 

Diabetes Care, Alameda, CA).  All cows in this study had BHB and glucose 

measurements.  

 

Parity 

For the purposes of statistical analyses, first parity cows were analyzed as 

primiparous and parity ≥2 were analyzed as multiparous (second or more parity). 

 

Laboratory analyses 

Metabolite concentrations were determined by enzymatic colorimetric assays 

from commercially available kits that were modified for use in 96-well microplates 
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(Costar, Corning Inc., Acton, MA) and read using a microplate reader spectrophotometer 

(Synergy II BioTek, Winooski, VT). A standard curve was created from glucose and 

NEFA standards. Regression equations were used to estimate glucose and NEFA 

concentrations in the samples.  

Plasma glucose concentrations were analyzed by using the glucose oxidase 

method (Pointe Scientific Inc., Canton, MI). A standard curve was created by using a 

glucose standard. The points of the standard curve were 0, 25, 50, 100, 200 and 400 

mg/dL. Plasma NEFA concentrations were determined using NEFA HR(2) reagents 

(WAKO Chemicals USA, Inc., Richmond, VA). A standard curve was created using 

NEFA standard and the curve points were 0, 250, 500, 1000, 2000 and 4000 µEq/L. 

Progesterone and IGF-1 plasma concentrations were measured by validated 

homologous double antibody radioimmunoassay (RIA; Rhoads et al., 2008; Pohler et al., 

2016), respectively. Plasma IGF-1 was measured in four assays and progesterone was 

measured in three assays. The RIA were performed by Dr. Duane Keisler’s laboratory.  

 

Statistical Analysis  

A total of 127 cows with a complete set of data (BHB, NEFA, IGF-1, glucose 

measured in the lab and cowside, P4 and reproductive data) were retained for statistical 

analysis. Cows were categorized as parity one (n = 44) or two and greater (n = 83). All 

data analysis was performed using SAS (version 9.4; SAS Institute Inc., Cary, NC) with 

cow treated as the experimental unit. All the variables were checked for normality using 

the UNIVARIATE procedure. The BHBA data required normalization. The TRANSREG 
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procedure was used to identify a Box-Cox transformation (-0.3) to normalize the BHBA 

data.  

A generalized linear mixed model analysis using the GLIMMIX procedure was 

performed to examine the effects of cyclicity status. The model included fixed effects as 

parity, pregnancy status, and parity x pregnancy status. The binomial distribution was 

selected as the response distribution. A generalized linear mixed model analysis using the 

GLIMMIX procedure was performed to examine the effects of cyclicity status. The 

model included fixed effects as parity, pregnancy status, and parity x pregnancy status. 

The binomial distribution was selected as the response distribution. A repeated measures 

mixed model analysis using the MIXED procedure was performed to examine the effects 

of pregnancy status (pregnant to first service or pregnant after three inseminations) and 

parity. The model included fixed effects as pregnancy status, week, parity and the 

interactions of pregnancy status x week, and pregnancy status x parity. Week was the 

specific term for the repeated statement with cow nested within the interaction of 

pregnancy status x parity as the subject. An autoregressive covariance structure was used. 

Cow nested within the interaction of pregnancy status x parity was included as a random 

effect. The PDIFF option was used to separate least square means. Significance was 

declared at P ≤ 0.05, and tendency was considered when 0.05 < P ≤ 0.10. Data are 

reported as least squares means ± SEM. 
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3.3. Results 

 

Progesterone 

A total of 17 (39%) primiparous cows and 40 (48%) multiparous cows became 

pregnant after first AI (Table 3.1). There was a tendency (P ≤ 0.08) for a parity effect on 

cyclicity. Twenty eight (64%) primiparous cows were cycling on week 3 and (or) week 4 

compared with 65 (78%) multiparous cows cycling on week 3 and (or) week 4 

postpartum (Table 3.2). There was no effect of pregnancy status after first AI, or parity 

on plasma progesterone (P > 0.61; Figure 3.1 and 3.2). There was a sample effect on 

plasma progesterone concentrations (P < 0.0001). Plasma progesterone at week 1 and 

week 2 postpartum (0.05 ±0.16 and 0.08 ±0.16 ng/mL, respectively) were similar (P > 

0.6). Plasma progesterone concentrations from week 3 to week 4 had at least a two-fold 

increase (1.35 ±0.16 and 2.95 ±0.16 ng/mL, respectively). Plasma progesterone 

concentrations on week 3 and week 4 were significantly different (P < 0.0001). No effect 

was found for pregnancy status by sample or pregnancy status by parity for plasma 

progesterone concentrations (P > 0.10). There was a tendency to have an effect of parity 

by sample on plasma progesterone (P = 0.09). Primiparous cows had greater progesterone 

concentrations on week 4 (3.17 ±0.27 ng/mL; P < 0.0001) compared with week 1, 2 and 3 

(0.01 ±0.27, 0.02 ±0.27 and 0.89 ±0.27 ng/mL). For multiparous cows, progesterone 

concentrations were greater on week 4 (2.73 ±0.19 ng/mL; P < 0.0001) than weeks 1, 2 

and 3 (0.08 ±0.19, 0.15 ±0.19 and 1.53 ±0.19 ng/mL, respectively). Plasma progesterone 

concentrations were greater on week 3 compared with week 2 and week 1 (P < 0.0001).  
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A total of 40 (91%) primiparous cows and 73 (88%) multiparous cows became 

pregnant after three AI (Table 3.1). There was a tendency to have a parity effect on 

cyclicity (P = 0.07). More primiparous cows were cycling on week 3 and (or) week 4 

compared with multiparous cows cycling during the same period (Table 3.2). There was 

no effect of parity or pregnancy status after 3 AI on plasma progesterone concentrations 

(P ≥ 0.72; Figure 3.2). Similarly to previous results, there was a sample effect on plasma 

progesterone concentrations (P < 0.0001).  Plasma progesterone concentrations on week 

1 (0.06 ±0.26 ng/mL) and week 2 (0.11 ±0.26 ng/mL) were similar (P > 0.68), however 

week 3 (1.57 ±0.26 ng/mL) and week 4 (2.45 ±0.26 ng/mL) were greater (P < 0.0001). 

There was an effect of pregnancy status by sample interaction for plasma progesterone 

concentrations (P = 0.02). Non-pregnant cows had greater plasma concentrations on week 

3 (1.99 ±0.48 ng/mL; Figure 3.2) and pregnant cows had greater plasma concentration on 

week 4 (3.07 ± 0.17 ng/mL; Figure 3.2). No significant effects of parity by sample, or 

pregnancy status by parity interaction for plasma progesterone concentrations were 

observed (P ≥ 0.13).  

 

Insulin-like growth factor-1  

For the pregnancy status after first AI, there was no effect of pregnancy status on 

plasma IGF-1 concentrations (P > 0.51; Figure 3.2). There was an effect of parity on 

plasma IGF-1 (P = 0.01), because first parity cows had greater concentrations of plasma 

IGF-1 (66.0 ±3.1 ng/mL) compared with multiparous cows (56.3 ±2.3 ng/mL; Figure 

3.1). An effect of sample on plasma IGF-1 concentration was observed (P < 0.0001). 

Week 1 postpartum had the lowest IGF-1 concentrations (56.0 ±2.0 ng/mL) and week 4, 

the highest concentrations of IGF-1 (69.2 ±2.3 ng/mL; Figure 3.1). There was also an 
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effect of parity by sample interaction for plasma IGF-1 concentrations (P = 0.006). 

Primiparous cows had greater (P = 0.03) IGF-1 concentrations on week 4 (76.4 ±3.7 

ng/mL) and a tendency (P = 0.09) to have greater IGF-1 concentrations on week 3 (69.0 

±3.7 ng/mL) compared with multiparous cows (61.9 ±2.7 and 56.1 ±2.7 ng/mL, 

respectively; Figure 3.1). There were no effects of pregnancy status after first AI by 

sample or pregnancy status after first AI by parity for plasma IGF-1 concentrations (P ≥ 

0.25).  

When the outcomes from 3 AI were analyzed, there was no effect of pregnancy 

status on plasma IGF-1 concentrations (P > 0.93; Figure 3.2). Similar to previous results, 

there was a parity effect on IGF-1 concentrations (P < 0.0001) because primiparous cows 

had greater IGF-1 concentrations (66.5 ±4.0 ng/mL; P = 0.01) than multiparous cows 

(56.5 ±3.3 ng/mL). There was an effect of sample on IGF-1 concentrations (P < 0.001). 

Week 2 postpartum had the lowest IGF-1 concentrations (55.5 ±3.6 ng/mL) and week 4 

had the highest concentrations of IGF-1 (72.3 ±3.6 ng/mL). The parity by sample 

interaction for plasma IGF-1 concentrations was significant (P = 0.004). Primiparous 

cows had greater (P = 0.02) IGF-1 concentrations on week 4 (80.0 ±4.7 ng/mL) and a 

tendency (P = 0.08) to have greater IGF-1 concentrations on week 3 (67.5 ±4.7 ng/mL) 

compared with multiparous cows (64.6 ±3.9 and 54.4 ±3.9 ng/mL, respectively). No 

effects of pregnancy status after 3 AI by sample, or pregnancy status after 3 AI by parity 

on plasma IGF-1 concentrations (P > 0.21) were observed. 

 

Non-esterified fatty acids 

When the outcomes of first insemination were analyzed, there was no effect of 

pregnancy status or parity on plasma NEFA concentrations (P ≥ 0.15; Figure 3.3 and 3.4). 
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There was an effect of sample on NEFA concentrations (P < 0.0001). At week 4 

postpartum, cows had the lowest NEFA concentrations (436.7 ±28.7 µEq/L; P ≤ 0.006) 

compared with week 1 (573.7 ±28.7 µEq/L), week 2 (578.2 ±28.7 µEq/L) and week 3 

(520.0 ±28.7 µEq/L). Plasma NEFA concentrations at week 3 were lower than week 2 (P 

= 0.04). No sample by parity, pregnancy status by parity or pregnancy status by sample 

interactions for NEFA concentrations were observed (P > 0.36; Figure 3.3 and Figure 

3.4).  

Different results were found when the outcomes after 3 AI were analyzed in the 

model. There was an effect of pregnancy status on plasma NEFA concentrations (P = 

0.04; Figure 3.4). Pregnant cows had lower NEFA concentrations (515.4 ±23.3 µEq/L) 

compared with cows that did not become pregnant after 3 AI (665.6 ±66.7 µEq/L). There 

was an effect of sample on plasma NEFA concentrations (P < 0.004; Figure 3.4). Plasma 

NEFA concentrations were lower at week 4 (483.3 ±45.3 µEq/L) compared with week 2 

(664.7 ±45.3 µEq/L) and week 3 (588.8 ±45.3 µEq/L) and tend to be lower than week 1 

(617.2 ±45.3 µEq/L). There was no effect of parity on NEFA concentrations (P > 0.15). 

No effect of sample by parity, pregnancy status by parity or pregnancy status by sample 

for NEFA concentrations were observed (P > 0.35). 

 

β-hydroxybutyrate 

There was no effect of pregnancy status after 1 AI on BHB concentrations (P > 

0.79; Figure 3.4). There was an effect of parity on BHB concentrations (P = 0.01; Figure 

3.3) because first parity cows had greater BHB concentrations (1.25 ±0.08 mmol/L; P = 

0.01) compared with multiparous cows (0.91 ±0.06 mmol/L). There was a sample effect 

on BHB concentration (P < 0.0001). Concentrations of BHB were lower on week 1 (0.90 
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±0.07 mmol/L; P ≤ 0.004) compared with week 2 (1.20 ±0.07 mmol/L) and week 3 (1.18 

±0.07 mmol/L; Figure 3.3 and 3.4). No effect of pregnancy status by parity, pregnancy 

status by sample or parity by sample were observed (P > 0.10).  

 When the outcome from 3 AI was analyzed, there was no effect of pregnancy 

status on BHB concentrations (P > 0.57). There was an effect of parity on BHB 

concentrations (P = 0.01) because primiparous cows had greater BHB concentrations 

(1.23 ±0.10 mmol/L) than multiparous cows (0.90 ±0.08 mmol/L). There was a sample 

effect on BHB concentrations (P = 0.006). Concentrations of BHB on week 1 (0.90 ±0.11 

mmol/L) had a tendency (P = 0.07) to be lower than on week 2 (1.17 ±0.11 mmol/L). No 

effect of pregnancy status by parity, pregnancy status by sample or parity by sample were 

observed (P > 0.13).  

 

Glucose measured with laboratory procedures 

There were no effects of pregnancy status after first AI or parity on plasma 

glucose concentrations (P ≥ 0.14; Figure 3.5 and 3.6). An effect of sample on plasma 

glucose concentrations was observed (P < 0.0001). Plasma glucose concentrations on 

week 1 (53.0 ±0.9 mg/dL) and week 4 (53.0 ±0.9 mg/dL) were greater (P ≤ 0.0008) than 

week 2 (48.5 ±0.9 mg/dL) and week 3 (49.0 ±0.9 mg/dL). There were no effects of 

pregnancy status by sample, pregnancy status by parity or parity by sample on plasma 

glucose concentrations (P ≥ 0.14; Figure 3.5 and 3.6).  

Similar to previous results, there were no effects of pregnancy status after 3 AI or 

parity on plasma glucose concentrations (P ≥ 0.14; Figure 3.5 and 3.6). There was an 

effect of sample on plasma glucose concentrations (P = 0.02). Plasma glucose 

concentrations on week 2 (48.7 ±1.5 mg/dL) were lower (P ≤ 0.05) compared with week 
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1 (52.4 ±1.5 mg/dL) and week 4 (53.1 ±1.5 mg/dL). No effects of pregnancy status by 

sample, pregnancy status by parity or parity by sample on plasma glucose concentrations 

were observed (P ≥ 0.13; Figure 3.5 and 3.6).  

 

Glucose measured cowside with the hand-held meter 

There was no effect of pregnancy status after first AI on glucose concentrations (P 

> 0.76; Figure 3.6). There was an effect of parity on glucose concentrations (P < 0.005). 

Primiparous cows had greater glucose concentrations (53.5 ±0.9 mg/dL) compared with 

multiparous cows (50.3 ±0.6 mg/dL; Figure 3.5). There was a sample effect on glucose 

concentrations (P = 0.003). Glucose concentrations on week 4 (53.9 ±0.8 mg/dL) were 

greater than week 2 (50.3 ±0.8 mg/dL) and week 3 (51.4 ±0.8 mg/dL). No effects of 

pregnancy status by sample (P > 0.23), pregnancy status by parity (P > 0.667) or parity 

by sample (P > 0.10) on glucose concentrations were observed.  

Similar to previous results there were no effects of pregnancy status after 3 AI or 

sample on glucose concentrations (P ≥ 0.22; Figure 3.6). There was an effect of parity on 

glucose concentrations (P = 0.006) because first parity cows had greater glucose 

concentrations (53.4 ±1.1 mg/dL) compared with multiparous cows (50.3 ±0.9 mg/dL). A 

tendency (P < 0.09) for an effect of parity by sample for glucose concentrations was 

observed. Primiparous cows had greater (P ≤ 0.02) concentrations of glucose on week 2 

(52.1 ±1.7 mg/dL), week 3 (54.1 ±1.7 mg/dL) and week 4 (55.7 ±1.7 mg/dL) compared 

with multiparous cows (48.4 ±1.4, 49.8 ±1.4 and 51.4 ±1.4 mg/dL, respectively). There 

were no effects of pregnancy status by parity (P = 0.69) or pregnancy status by sample (P 

> 0.85) for glucose concentrations. 
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3.4. Discussion 

Overall, Jersey cows had good fertility after first AI (37%) and achieved excellent 

fertility (89%) after 3 AI. Although multiparous cows had a greater percentage of 

pregnant cows after first AI, the ratio of pregnant cows after 3 AI were greater for 

primiparous cows (Table 3.1). This may indicate that primiparous cows recover more 

quickly from the damage caused by NEB postpartum. Overall, 73% of all cows had luteal 

activity (progesterone concentrations greater 1.0 ng/mL) on week 3 and (or) week 4 

postpartum. Multiparous cows had approximately 14% more cows cycling postpartum 

compared with primiparous cows (Table 3.2). These results were not expected because 

multiparous cows tend to produce more milk and suffer from a greater NEB. The NEB is 

known for its detrimental effects on resumption of ovarian activity (El-Din. Zain et al., 

1995). Progesterone concentrations at week 1 and 2 postpartum were basal, as expected. 

On week 3 of lactation cows started to have luteal activity. On average, progesterone 

concentrations doubled from week 3 to week 4 of lactation (Figure 3.1). Cows will 

normally ovulate 14 to 21 days postpartum and this first ovulation is usually silent 

(Morrow et al., 1966). Modern cows have longer postpartum intervals (25 to 45 days) to 

first ovulation (Crowe et al., 2014). Concentrations of progesterone during the first four 

weeks of lactation were not different in primiparous and multiparous cows or for 

pregnant or non-pregnant cows after first or 3 AI. Contrary to previous reports, there 

were no associations of early ovulation and fertility in this study (Kawashima et al., 

2006).   

The IGF-1 concentrations were the lowest during the first two weeks of lactation, 

and increased gradually in the subsequent weeks of this study. Multiparous cows had 



61 
 

lower IGF-1 concentrations compared with first parity cows. These findings are 

consistent with results from Brown et al. (2012), in which they followed lactating cows 

for up to 10 weeks, and reported similar findings. However, when genetic groups were 

compared in Brown et al. (2012), Jersey had similar IGF-1 concentrations for 

primiparous and multiparous cows. The IGF-1 concentrations were associated with 

energy balance. Multiparous cows tend to suffer from greater NEB due to milk 

production. This could explain why multiparous cows had lower IGF-1 concentrations 

compared with first parity cows. The IGF-1 is a hormone that connects nutritional status 

and fertility. Low IGF-1 concentrations during early lactation is associated with impaired 

follicular growth, abnormal ovarian cycling, and low fertility (Lucy, 2008). However in 

this study, although multiparous cows had lower IGF-1 concentrations than first parity 

cows, the percentage of cycling cows and pregnancy after first AI were greater in the 

multiparous group.  

Cow that became pregnant after 3 AI had lower concentrations of NEFA 

compared with non-pregnant cows. From all the metabolites and hormones analyzed in 

this study, NEFA was the only one associated with pregnancy status. These results are in 

agreement with many authors that showed that NEFA affect reproductive processes and 

fertility (Jorritsma et al., 2004; Garverick et al., 2013; Jordaens et al., 2015). 

Concentrations of NEFA were greater on the first two weeks of lactation and then 

gradually decreased over time. Similar changes were observed by Brown et al. (2012). 

The NEFA are formed postpartum and are used as an alternative energy source when 

cows are not consuming enough energy to meet the increased requirements of early 

lactation. The NEFA concentrations will decrease when energy intake increases.  
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The BHB concentrations were not associated with pregnancy status after 1 or 3 

AI. Primiparous cows had greater BHB concentrations (1.25 mmol/L) compared with 

multiparous cows (0.91 mmmol/L). This was not expected. The BHB are used as an 

energy source during periods of excessive NEB. Although, many authors presented a 

correlation between NEFA and BHB, these metabolites followed different patterns in this 

study. Week 1 had the lowest BHB concentration compared with subsequent weeks 

postpartum. These results are in agreement with recent findings of McCarthy et al. 

(2015). The authors’ and our data suggests that an elevation of one metabolite should not 

be extrapolated to expect an elevated concentration of the other metabolite.  

Glucose concentrations measured with the laboratory assay and hand-held meter 

had some similarities. Both were not associated with pregnancy status after 1 or 3 AI. 

These results are contradictory to findings from Green et al. (2012) and Garverick et al. 

(2013), where the cows that did not became pregnant had lower glucose. Moore et al. 

(2014) also showed a positive relationship between glucose concentrations and fertility. 

Plasma glucose concentrations measured with hand-held meter were lower for 

multiparous cows compared with first parity cows. This could be attributed to first parity 

cows producing less milk during first lactation, consequently, the requirement for glucose 

is lower compared with multiparous cows.    

 

3.5. Conclusion 

In conclusion, our hypothesis that metabolic and hormonal changes during the 

first four week of lactation have negative carryover effects on reproductive performance 

of Jersey dairy cows later in lactation was partially supported. Although IGF-1, BHB and 
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glucose concentrations were associated with parity, most of the metabolic hormones and 

metabolites postpartum analyzed in this experiment did not affect pregnancy status.  Non-

pregnant cows had higher NEFA concentrations compared with pregnant cows. The 

results of the current study suggest that NEFA may be the strongest postpartum marker 

for pregnancy status in Jersey.    
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Table 3. 1. Number of Jersey cows pregnant after one or three AI. 

    Pregnancy 

Item N First AI (%) 3 AI (%) 

Primiparous 44 17/44 (39) 40/44 (91) 

Multiparous 83 40/83 (48) 73/83 (88) 

 

 

 

 

Table 3. 2. Number of Jersey cows cycling on week 3 or (and) week 4. 

 

    Cycling 

Item N Yes (%) No (%) 

Primiparous 44 28/44 (64) 16/44 (36) 

Multiparous 83 65/83 (78) 18/83 (22) 
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Table 3. 3. Results of the MIXED procedure analysis of pregnancy after first AI in Jersey with a statistical 

model that included AI, parity, sample and their interactions. 

Item IGF-1 Progesterone NEFA BHB Glucose Lab Glucose Meter 

AI NS NS NS NS NS NS 

Parity 0.0127 NS 0.1454 0.0136 0.1397 0.0053 

Sample 0.0001 0.0001 0.0001 0.0001 0.0001 0.0034 

AI*Parity NS 0.1103 NS NS NS NS 

AI*Sample NS NS NS NS NS NS 

Parity*Sample 0.0062 0.0898 NS 0.1079 0.1353 0.1056 

NS = not significant 

 

 

Table 3. 4. Results of the MIXED procedure analysis of pregnancy after three AI in Jersey with a statistical 

model that included AI, parity, sample and their interactions. 

Item IGF-1 Progesterone NEFA BHB Glucose Lab Glucose Meter 

AI NS NS 0.0382 NS NS NS 

Parity 0.0106 NS 0.1590 0.0135 0.1382 0.0056 

Sample 0.0001 0.0001 0.0035 0.0063 0.0154 NS 

AI*Parity NS NS NS NS NS NS 

AI*Sample NS 0.0189 NS NS NS NS 

Parity*Sample 0.0048 0.1289 NS 0.1305 0.1248 0.0868 

NS = not significant
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Figure 3. 1. Plasma concentrations of progesterone (A) and IGF-1 (B) for Jersey first parity 

and multiparous cows sampled during the first four weeks of lactation. Progesterone (A): 

effects of sample (P<0.001) and a tendency of parity by sample (P<0.09) were observed. 

IGF-1 (B): effects of parity (P=0.01), sample (P<0.0001) and parity by sample (P=0.006) 

were observed. 
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Figure 3. 2. Plasma concentrations of progesterone (A and B) and IGF-1 (C and D) for 

Jersey pregnancy status after first AI (A and C) and after 3 AI (B and D) sampled during 

the first four weeks of lactation. No significant effects on pregnancy status (P>0.70) were 

observed. Progesterone (A and B): effects of sample (P<0.0001) were observed; 

Progesterone (B): effects of pregnancy status by sample were observed (P<0.02). IGF-1 (C 

and D): effects of sample (P<0.0001) were observed. 
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Figure 3. 3. Plasma concentrations of NEFA (A) and BHB (B) for Jersey first parity and 

multiparous cows sampled during the first four weeks of lactation. NEFA (A): effects of 

sample (P<0.0001) were observed. BHB (B): significant effects of parity (P=0.001) and 

sample (P<0.0001) were observed.  
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Figure 3. 4. Plasma concentrations of NEFA (A and B) and BHB (C and D) for Jersey 

pregnancy status after first AI (A and C) and after 3 AI (B and D) sampled during the first 

four weeks of lactation. NEFA (A): pregnancy status and pregnancy status by weeks 

postpartum effects were not significant (P>0.80) and effects of sample (P<0.0001) were 

observed. NEFA (B): effects of pregnancy status (P<0.04) and sample (P<0.004) were 

observed. BHB (C and D): effects of sample (P≤0.006) were observed. 
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Figure 3. 5. Plasma and blood concentrations of glucose measured with a laboratory assay 

(A) and a hand-held meter (B) for Jersey first parity and multiparous cows sampled during 

the first four weeks of lactation. Plasma glucose (A): effects of sample (P<0.0001) and no 

significant parity (P>0.1) were observed. Blood glucose (B): parity (P=0.005) and sample 

(P=0.003) significant effects were observed. 
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Figure 3. 6. Plasma and blood concentrations of glucose measured with a laboratory assay 

(A and B) and a hand-held meter (C and D) for Jersey pregnancy status after first AI (A 

and C) and after 3 AI (B and D) sampled during the first four weeks of lactation. No 

significant effects on pregnancy status (P>0.75) were observed. Plasma glucose (A and B): 

a significant sample effect was found (P<0.02). Blood glucose (C and D): effects of sample 

(P=0.005) were observed.  
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CHAPTER IV 

 

COMPARISONS AND CONCLUSIONS 

 

Despite the fact that Holstein continues to be the predominant dairy breed in 

United States, the percentage of operations with Jersey genetics in their herds are 

increasing. An increased market interest in milk solids makes Jersey cows a viable option 

for today’s milk market. Metabolic and hormones adaptations that occur due to the onset 

of lactation are well studied. However the mechanisms through which postpartum 

adaptations affect fertility remains unclear. We chose to investigate two different dairy 

breeds to understand the differences between them and possibly enhance the knowledge 

of postpartum physiological changes through comparisons.  

Jersey cows had 18% more cows cycling compared with Holstein cows. This may 

explain the greater progesterone concentrations (close to 50% more) on week 4 and week 

3 of lactation compared with Holstein. Also, Jersey cows had a greater number of cows 

pregnant after 3 AI (89%) than Holstein cows (75%).  

 Jersey cows had lower IGF-1 concentrations (20ng/mL difference) compared 

with Holstein cows. The IGF-1 is a hormone related to energy balance and lactation. 

Jersey cows had 12% lesser glucose concentration, almost 150 µEq/L greater NEFA 

concentrations and 1.6 times more BHB concentrations compared with Holstein cows. 

The glucose, NEFA and BHB are metabolites directed related to physiological negative 

energy balance. Although Jersey cows produces less milk than Holstein cows, these 

differences in IGF-1, NEFA and BHB concentrations may suggest that they suffer a 
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greater NEB and nutritional stress during lactation, especially due to higher milk solids 

production. However, these physiological indicators in Jersey do not seem to affect the 

return to cyclicity, pregnancy status after first AI or overall fertility of the breed. Due to 

the difference in milk production in both breeds, I would speculate that the major factor 

affecting reproductive performance is milk yield. However, our studies were not designed 

to evaluate the effect of milk production in these cows.     

We were surprised that most of the hormones and metabolites were not associated 

with pregnancy status. These hormones (IGF-1 and progesterone) and metabolites 

(NEFA. BHB and glucose) are known to be important to metabolism, and for that reason 

we select them for analysis. The NEFA was the only metabolite associated with 

pregnancy status in Jersey. Infertility and subfertility in dairy cows remains a problem in 

the dairy industry. Improving our understanding of the biology of the transition period 

and the mechanisms that link it to reproductive performance may be the key to close the 

gap between high production and low fertility.  
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