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ABSTRACT 
 

 

 

EFFECT OF B VITAMIN SUPPLEMENTATION ON HEALTH, PRODUCTION AND 

REPRODUCTION IN TRANSITION DAIRY COWS  

 

 

 

Emma I Morrison                                                                                         Advisor:  

University of Guelph, 2017                                                                          Dr. Stephen LeBlanc 

 

 

 

High-producing dairy cows are at a higher risk for metabolic disorders during the transition 

period.  This thesis was conducted to evaluate the effect of a commercially available proprietary 

feed additive that provides B vitamins and choline on the incidence of health disorders, milk 

yield and reproduction in early lactation in commercial dairy herds.  A randomized controlled 

trial on three freestall dairy herds evaluated the use of 100 g/cow/d of dietary supplemental B 

vitamin, given 3 wk before to 3 wk after calving.  Supplemental B vitamins did not have an 

impact on the incidence of ketosis, clinical health disorders or anovulation, reproductive 

performance or udder edema.  There was no improvement of milk production through the first 

three DHI test days with supplementation. 
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CHAPTER 1: LITERATURE REVIEW 
 

Overview 

 

High-producing dairy cattle may experience several metabolic disturbances during the 

transition period, from approximately 3 weeks before to 3 weeks after calving.  These metabolic 

disturbances are due in large part to the challenges of adaptation to the increase in energy 

demands for lactation after calving (Herdt, 2000).  The most common disturbance is 

hyperketonemia, also known as subclinical ketosis (SCK).  Essentially all cows develop a 

negative energy balance (NEB) during the first 2 months of lactation (Lima et al., 2012; 

Shahsavari et al., 2016).  Although the majority of cows do not experience clinical disease, 

approximately 40% experience SCK (McArt et al., 2012).  The increase in energy demand is 

compounded because at the onset of lactation the rate of increase of feed intake lags that of milk 

output.  Because the storage of carbohydrates is limited, cows synthesize glucose from 

carbohydrates in the diet and employ alternative fuel sources to spare glucose for milk synthesis 

(Herdt, 2000).  Fat is mobilized and ketone bodies are synthesized to produce energy (Grummer, 

2008).  However, excessive fat mobilization or production of ketone bodies may lead to 

metabolic disorders such as ketosis, udder edema, displaced abomasum as well as decreased milk 

yield (Duffield, 2000; LeBlanc et al., 2005; Duffield et al., 2009; Ospina et al., 2013; Kojouri et 

al., 2015).  

            Approximately 30 to 50% of dairy cows are affected by a metabolic or infectious disease 

during the transition period (LeBlanc, 2010).  These include ketosis, mastitis, metritis, RP 

(retained placenta) and LDA (left displaced abomasum).  Monitoring these metabolic disorders 

helps producers to evaluate the management of transition cows.  In addition, the costs involved 

in treating these disorders and their effects on production and reproduction can have significant 
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impacts on farm profitability, as well as on animal welfare. 

            According to the National Research Council (NRC, 2001), dairy cattle are able to 

synthesize B vitamins in the rumen to meet daily requirements.  There are many different feed 

additives that can be fed to transition cows with the aim to support metabolic health or 

production.  Specifically, the prevention of ketosis has been a major topic of concern for 

producers and feed additives such as monensin, niacin, rumen-protected choline and B Vitamins 

have been used to attempt to reduce the occurrence of this disease.  This literature review will 

cover the process of ketogenesis, the production of non-esterified fatty acids (NEFA) and β-

hydroxybutyrate (BHB), as well as the production of glucose in the transition period.  The effects 

of B vitamin supplementation on udder edema as well as on the metabolic disturbances 

throughout the transition period will also be discussed. 

Ketogenesis 

            Ketogenesis is the process of producing ketone bodies in the liver.  Ketone bodies are 

synthesized in the liver mitochondria from the mobilization of body fat stores (Bergman, 1971).  

The mobilization of the fat stores during NEB causes an imbalance of fat and carbohydrate 

metabolism, which increases hepatic uptake of NEFAs from the blood causing the synthesis of 

ketone bodies from the Kreb’s cycle (Schulz et al., 2014).  The production of ketone bodies, 

specifically BHB, acetoacetate, and acetone, are important in intermediary metabolism of fatty 

acids which is beneficial as they are used as an energy source for the peripheral tissues 

(especially muscle) when glucose is limiting (Bergman, 1971; Duffield, 2000).  Carbohydrates 

are used as the primary fuel source in dairy cows.  Glucose storage is limited in the body so 

when energy demands exceed glucose supply other fuels must be used to support maintenance 

and lactation.  To adapt to NEB there is a mobilization of energy from fat reserves (Herdt, 2000; 
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Duffield, 2000).  Ketone production is a normal adaptation to NEB, but when excessive amounts 

of ketones accumulate this can adversely affect the health status of the animal (Duffield et al., 

2009: Grummer, 2008).  Excessive concentrations of ketones is due to the decrease of glucose 

supply resulting in increased transport of NEFA into the mitochondria for ketone body synthesis 

(Herdt, 2000).  Ketone bodies are then transported to the cytosol to be converted into BHB for 

general circulation (Herdt, 2000).  This causes high blood glucose concentrations and ketones are 

used as alternative fuels (Herdt, 2000).    

            There are two types of ketosis that a cow can develop, subclinical (SCK) and clinical 

ketosis.  Subclinical ketosis (SCK) is a metabolic disorder, which is associated with a wide 

variety of health disorders in the cow.  It is characterized by the excessive accumulation of 

ketone bodies, acetone, acetoacetate and BHB, circulating in the blood (Herdt, 2000; Duffield, 

2000; Bergman, 1971).  Cows with blood BHB exceeding 1.2 mmol/L have increased risk of 

diseases including displaced abomasum (DA), clinical ketosis and metritis, as well as a 

conditional decreases in milk production in early lactation (Duffield, 2000; Duffield et al., 2009).  

Cows with serum BHB levels at 1.2 mmol/L were associated with a 5.9% risk of an LDA, 2.9% 

risk of clinical ketosis and 5.8% risk of metritis in the first week post-calving (Duffield et al., 

2009).  SCK is associated a reduction in milk production and periparturient diseases in cows 

(Duffield, 2000).  Hyperketonemia is an indication of poor adaptation to NEB, which develops 

when NEFA levels overwhelm the liver (McArt et al., 2012).  Although there is no consistent 

threshold of BHB associated with clinical ketosis, cows with severe NEB or maladaptation to 

NEB may show clinical signs including decreased appetite, excessive, rapid weight loss, and 

decreased milk production.  Displaced abomasum is the most obvious disease that is consequent 

to clinical ketosis (Duffield, 2000).  McArt et al. (2012) found that cows were more likely to 
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develop a DA if they tested positive for SCK.  Of those cows, the majority had their first positive 

BHB reading between 3 to 5 days in milk (DIM).  McArt et al. (2012) also found that with every 

0.1 mmol/L increase in BHBA the risk of DA development increased by a factor of 1.1.     

            Duffield et al. (2009) used a cut point of 1.2 mmol/L and found that in the first week 

postpartum the risk of a DA or metritis was 5.9 % and 5.8% respectively.  Duffield et al. (2009) 

found that in the first week and second week post calving milk yield was reduced when elevated 

levels of BHB, 1.4 mmol/L and 2.0 mmol/L respectively.  When looking at the first DHI test day 

samples there were increased milk fat percentages and decreased milk protein percentages in the 

first 2 weeks postpartum (Duffield et al., 2009).  Using optimum cut points milk fat increased by 

0.22% for week 1 BHB 1.2 mmol/L and 0.48% for week 2 BHB 2.0 mmol/L while milk protein 

decreased by 0.09% for week 1 BHB 2.0 mmol/L and 0.09% for week 2 BHB 1.0 mmol/L.  

Duffield et al. (2009) also found that elevated ketone bodies in week 1 with a cut point of 1.2 

mmol/L had a loss of 300 kg of milk for the lactation, while week 2 with a cut point of 1.0 

mmol/L had an increased milk yield over the lactation of 270 kg.  Comparing these values to 

normal cows (less than 1.4 mmol/L cut point) there are still decreases in milk yield overall, but 

when looking at cows who are above the cut point, improvements of milk yield are seen between 

the first and second week postpartum.      

            Many researchers have shown the effects of parity on BHB concentration in plasma.  Van 

der Drift et al. (2012) found that as parity increased BHB concentration in plasma increased.  

Those researchers also found that cows sampled in the spring or summer had a higher prevalence 

than cows sampled in fall or winter.  McArt et al. (2013) found similar results with cows at a 

higher parity showing higher risk of hyperketonemia in early lactation. 

            Body condition plays a large role in the occurrence of ketosis.  McArt et al. (2013) 
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showed that cows with higher body condition score (BCS) pre-calving would have increased 

NEFA concentrations and an increased risk of hyperketonemia in early lactation.  Schulz et al. 

(2014) showed similar results, as normally conditioned cows (BCS of 2.61 ± 0.09) were able to 

overcome their NEB faster than cows with BCS of 3.19 ± 0.09. 

            Milk yields showed a greater decrease when BHB concentrations were higher at the first 

SCK- positive test within the first 3 to 16 DIM (McArt et al. 2012).  For each 0.1 mmol/L 

increment of BHB at diagnosis, milk yield was 0.5 kg/d lower at the first SCK-positive test for 

the first 30 days of lactation.  Cows developing SCK within the first week post-calving are more 

likely experiencing poor adaptation to NEB, whereas cows who develop SCK after the first week 

are experiencing issues due to the early lactation increase in milk production causing the animal 

to not mobilize adequate energy stores for the increased milk production (McArt et al., 2012). 

            Ketosis is a very costly production issue as there is a loss of milk production and 

increased risk of reproductive diseases.  McArt et al. (2015) estimated that the cost per case of 

hyperketonemia was approximately $375 and $256 for primiparous and multiparous cows, 

respectively, making the average total cost per case $289.  The cause of these costs were 

dependent on factors such as future reproductive losses, death loss, future milk production losses, 

future culling losses, therapeutics, labor and diagnostics which would all be factors dependant on 

ketosis (McArt et al., 2015).  McArt et al. (2015) reported that farms with a higher number of 

primiparous calving’s would incur higher costs per case due to the higher valued animal and they 

are more at risk of developing DA or metritis compared to multiparous animals causing higher 

treatment costs.  Costs per case were not significantly different when input costs such as price of 

feed and market cow price changed emphasizing the need for proper management of transition 

cows to reduce incidences of this disease (McArt et al., 2015).   
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            Walsh et al. (2007),  found that non-pregnant cows had increased circulating BHB 

concentrations compared to pregnant cows the second week after calving and cows with serum 

BHB≥ 1.0 mmol/L one week post calving and BHB≥ 1.4 mmol/L two weeks post calving were 

less likely to be diagnosed pregnant at first AI.  This showed that the probability of pregnancy 

decreased as BHB concentrations increased in the first couple of weeks post calving.  Cows 

experiencing ketosis in the first two weeks post calving had a reduction of pregnancy at first 

insemination (Walsh et al., 2007).  Cows that end up in an NEB tend to have an incorrect 

negative feedback loop between estradiol concentrations and the necessary LH (luteinizing 

hormone) release (Walsh et al., 2007).  This is needed for the ovulation of the follicle and if this 

is inhibited, ovulation will not occur properly affecting pregnancy rates.  Walsh et al. (2007) 

found that cows that developed SCK were more likely to be inseminated 8 days later than cows 

that never developed SCK.  The increase in ketone body concentrations delays the onset of 

ovarian cyclicity causing the estrus cycle to be delayed (Reist et al., 2000).    

NEFA production/circulation 

Metabolic adaptation to NEB occurs in the adipose with lipolysis and release of NEFA 

into circulation.  Adipose tissue consists of adipocytes which are triglyceride-filled cells (Herdt, 

2000).  Lipolysis cleaves the ester bonds of triglycerides and NEFA are released into circulation 

(Herdt, 2000).  When fatty acids (FA) are in NEFA form they are able to be transported in the 

blood to the liver for oxidation and release of energy (Herdt, 2000).   

            Ketone bodies such as BHB, acetate and acetoacetate are products of the incomplete 

oxidation of fatty acids to acetyl CoA (LeBlanc, 2010).  The liver cannot regulate the uptake of 

NEFA from circulation.  Production of ketone bodies increase as the supply of NEFA to the liver 

increase (LeBlanc, 2010; Schulz et al., 2014).  High concentrations of NEFA indicate the extent 
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of FA mobilization from the stores and reflect one element of the adaptation to NEB (Adewuyi et 

al., 2005).  Body fat mobilization also increasing the concentrations of triglycerides in the liver, 

if hepatic capacity to oxidize NEFA is overwhelmed, fatty liver may result (Bobe et al., 2004).   

            The liver regulates the metabolism of fuels when the cow is in NEB to attempt to support 

lactation (i.e. homeorrhetic adaptation) (Herdt, 2000).  Homeorhesis is defined as the 

orchestrated or coordinated changes in metabolism of body tissue necessary to support a 

physiological state (Bauman and Currie, 1980).  Hepatic metabolism occurs to partition 

important fuels such as glucose, NEFA, and ketone bodies for maintenance and milk synthesis 

(McGarry and Foster, 1980; Herdt, 2000). Cows in early lactation have very low blood glucose 

concentrations and when glucose levels are low lipolysis occurs more and stimulates the release 

of FA from adipose, increasing the circulating levels (Herdt, 2000).     

            If glucose is not limited, the Kreb’s cycle is uninhibited, which allows more glucose flow 

into the Kreb’s cycle (Herdt, 2000).  Low levels of glucose and precursors move through the 

Kreb’s cycle and accumulation of intermediates such as citrate occurs (McGarry and Foster, 

1980; Herdt, 2000).  Citrate is transported out of the mitochondria then converted to malonyl 

CoA, which is a metabolite for fatty acid synthesis (McGarry and Foster, 1980; Herdt, 2000).  

This metabolite inhibits carnitine palmityl transferase I (CPT I) activity which is needed to 

transport FA into the mitochondria for oxidation, including the synthesis of ketone bodies 

(McGarry and Foster, 1980; Herdt, 2000).  When glucose supply is low, citrate does not leave 

the mitochondria (Herdt, 2000).  This causes an activation of CPT I resulting in FA transport into 

the mitochondria for oxidation and production of ketone bodies (Chow and Jesse, 1992; Herdt, 

2000). 

            Insulin, a hormone necessary for transport of glucose into many tissues and decreasing 
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gluconeogenesis in the liver, depends on blood glucose concentrations (Herdt, 2000).  Negative 

energy balance causes blood glucose and insulin levels to drop, but the role of insulin in lipid 

metabolism is heightened at lower concentrations (Herdt, 2000).  In this case, insulin acts as a 

liporegulatory and glucoregulatory hormone (Herdt, 2000).  Fatty acids supressing the uptake of 

glucose by cells.  Fat mobilization is stimulated when there are low plasma insulin 

concentrations (Piantoni and Allen, 2015).  Plasma NEFA concentrations are then increased, 

which in turn cause the oxidation of FA in the liver, resulting in the export of ketone bodies 

(Piantoni and Allen, 2015).   Insulin stimulates lipogenesis, which supresses NEFA mobilization.  

Insulin also decreases CPT I activity, reducing the transport of FA into the mitochondria, which 

reduces ketosis (Herdt, 2000). 

            To the extent that hepatic FA oxidation capacity is exceeded, FA accumulate in the liver 

as triglycerides (Walsh et al., 2007; Grummer, 2008; Overton and Waldron, 2004).  Ketone 

bodies can be used as an alternative energy source for some tissues, but excessive amounts of 

circulating ketone bodies may induce inflammation and sickness behaviour making the cow 

more susceptible to ketosis (Grummer, 2008; Abuajamieh et al., 2016).  Triglycerides are 

exported from the liver as very low density lipoproteins (VLDL), but ruminants have a slow rate 

of export of VLDL so it is very easy to exceed liver capacity and cause fatty liver (Grummer, 

2008).  VLDL can also transport triglycerides to the mammary gland for milk fat synthesis 

(Herdt, 2000).  Skeletal muscles use FA and ketones as an energy source to spare glucose for 

lactation during NEB (Overton and Waldron, 2004).   

             There are many diseases associated with elevated NEFA and BHB concentrations.  Cows 

with NEFA levels greater than 0.4 mmol/L in the period before calving are at increased risk of an 

RP and LDA (LeBlanc, 2005; LeBlanc, 2010).   McArt et al. (2013) completed a review of many 
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studies looking at the consequences of different cut points for both elevated NEFA and BHB 

levels in the cow.  These studies showed that when elevated NEFA pre-calving were between 

0.3- 0.5 mEq/L there were increased risks for DA, early culling, and decreased pregnancy to first 

insemination (McArt et al., 2013). While post-calving, NEFA levels ≥ 0.7 mEq/L had higher 

risks of DA, metritis, clinical ketosis and early culling compared to cows with normal NEFA 

concentrations (McArt et al., 2013).  McArt et al. (2013) determined that milk production is 

decreased within the first 30 DIM but can be recovered by approximately 120 DIM specifically 

by heifers.  When looking at BHB levels pre-calving, there were few studies found that report 

associations between elevated BHB and post-partum health.  Cows with BHB concentrations ≥ 

0.6 mmol/L had an increased chance of production losses and post-partum diseases (McArt et al., 

2013).  A study by Tatone et al. (2015) found that cows with pre-partum BHB levels ≥ 0.6 

mmol/L were 2.2 times more likely to develop hyperketonemia compared to cows with levels 

lower than 0.6 mmol/L within a week post-partum.  Many studies have been completed based on 

the results of elevated BHB concentrations post-calving. Studies showed that cut points from 

1.0-1.4 mmol/L showed increased risks of DA and early culling (McArt et al., 2013).  Milk 

production decreases occurred when BHB levels were elevated compared to the lower BHB 

levels (McArt et al., 2013).  Duffield et al. (2009) found similar results that cows with elevated 

BHB in the first week post-calving made less milk per cow per day based on the first DHI test.   

Gluconeogenesis 

            Gluconeogenesis occurs primarily in the liver with a small contribution from the kidneys 

(Herdt, 2000).  Plasma glucose concentrations are increased when gluconeogenesis occurs and 

propionate is the major substrate for glucose production (Graulet et al., 2007; Preynat et al., 

2009b; Duplessis et al., 2014a; Duplessis et al., 2014b).  Cows do not receive large amounts of 
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glucose from digestion of starches; therefore, they depend on gluconeogenesis for their glucose 

needs (Preynat et al., 2009a).  Fifty to 60% of gluconeogenesis is provided by propionate 

(Preynat et al., 2009a).  Glucose is the primary precursor for mammary lactose synthesis 

(Preynat et al., 2009a). With a lack of glucose, lactose synthesis is reduced which leads to a 

decrease in milk production (Danfaer et al., 1995). 

            Propionate is produced from the fermentation of carbohydrates in the rumen.  It provides 

propionyl-CoA, which when carboxylated makes methylmalonyl-CoA which is a biotin-

dependent enzyme (Preynat et al., 2009a).  Methylmalonyl-CoA is isomerized to succinyl-CoA, 

which uses a vitamin B12-dependent enzyme, methylmalonyl-CoA mutase (Preynat et al., 2010).  

Succinyl-CoA enters Krebs cycle to be used in gluconeogenesis (Preynat et al., 2009a). 

            It has been shown that there has been improvement in gluconeogenesis in dairy cows 

with supplementation of folic acid and vitamin B12 (Preynat et al., 2009a; Duplessis et al., 

2014a).  This is due to the increase in plasma glucose from supplementation that is available for 

energy use (Preynat et al., 2009a).  Because lactose synthesis requires large amounts of glucose, 

improvement in gluconeogenesis can be beneficial for the cow during the transition period 

(Preynat et al., 2009a).               

Udder Edema 

            Udder edema, a metabolic disorder, is the accumulation of lymphatic fluid in the 

interstitial space of mammary gland (Tucker et al., 1992; Kojouri et al., 2015).  The mammary 

gland is more susceptible to damage when udder edema is present and edema may reduce in the 

space available for milk storage (Tucker et al., 1992; Kojouri et al., 2015).  Damage to 

suspensory ligaments may occur if edema is present for a longer period of time (Dentine and 

McDaniel, 1984).  Udder edema can take two forms, acute or chronic (Kojouri et al., 2015).  
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Acute udder edema is not thought to be painful (Kojouri et al., 2015).  Udder edema is diagnosed 

based on observations and palpation, which is then assigned a score associated to a scoring 

system (Dentine and McDaniel, 1984; Nestor et al., 1988; Tucker et al., 1992).  

            Udder edema is more severe and common in primiparous than multiparous cows (Dentine 

and McDaniel, 1983; Kojouri et al., 2015).  Schmidt and Schultz (1959) found that high-

producing cows were more likely to have greater edema than low producing cows and that there 

was no statistical difference in the severity of the edema based on feeding different levels of 

grain during the dry period.  Melendez et al. (2006) found that heifers calving between April and 

September were nearly 4 times more likely to develop udder edema, and if a male calf was 

delivered, heifers were 1.7 times more likely to develop edema than with a female calf.  

Melendez et al. (2006) also found that with each extra 10 cm height at the level of the shoulder at 

calving there were 23% higher odds of developing udder edema.  Cows with udder edema 

produced 3.6 kg less milk at the first test day, but showed no difference in milk yield at 

subsequent test days (Melendez et al., 2006).  Udder edema is not associated with common 

diseases such as LDA, metritis, and mastitis, but heifers with edema were 1.6 times more likely 

to develop udder edema in their second lactation than those without edema in the first lactation 

(Melendez et al., 2006). 

            Although there are no studies done determining the effects of B vitamins on udder 

edema, there have been anecdotal reports of a reduction in udder edema with a supplemental B 

vitamin.   

B vitamin Supplementation 

            B vitamins are water soluble and are able to be synthesized by the rumen microorganisms 

in the cow (NRC, 2001).  Vitamin B12 is the largest of the B complex vitamins and is stored 
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primarily in the liver either to be used by hepatic cells or methylated and released for use in 

peripheral tissue (Scott, 1999; Girard et al., 2001).  

            Vitamin B12 is water soluble and is only produced by rumen microbes (Akins et al., 

2013; NRC, 2001).  There are two enzymes that are dependent on vitamin B12 supply: 

methionine synthase, needed for the regeneration of methionine, and methylmalonyl CoA 

mutase, which is essential for entry of propionate into the Krebs cycle by converting propionate 

to succinate (Preynat et al., 2009b; Kennedy et al., 1990; Akins et al., 2013; NRC, 2001 Preynat 

et al., 2009a).  Propionate is the major glucose precursor in ruminants (Preynat et al., 2009b; 

Kennedy et al., 1990; Preynat et al., 2009a).  Vitamin B12 is a coenzyme of methionine synthase 

which is crucial for methyl group transfer of 5-methyl-tetrahydrofolate to homocysteine which is 

used for the regeneration of methionine (Preynat et al., 2010).       

            Folic acid is water soluble and in the B vitamin family.  It spares methionine and is 

needed for the synthesis of nucleic acids (NRC, 2001).  Folic acid is necessary in DNA synthesis 

and cell division by synthesizing purine and pyrimidine and is the primary methylating agent for 

S-adenosylmethionine (SAM) (Bailey and Gregory, 1999; Preynat et al., 2010; Girard and Matte, 

2005).  S-adenosylmethionine is the activated form of methionine, which acts as a methyl donor 

necessary for the one carbon unit metabolism to accept and release one carbon units for use 

(Bailey and Gregory, 1999; Scott, 1999).   

            When there is a deficiency of folic acid, it causes a reduction in the methylation cycle 

decreasing methylneogenesis (Preynat et al., 2010).  Methionine, is an essential amino acid, 

which is needed as a methyl donor for many aspects of metabolism, and when limiting, 

contributes to diseases such as fatty liver and ketosis (Grummer, 1998; Bobe et al., 2004).  

Excess methionine is degraded by the methylation cycle to homocysteine which is either 
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degraded to sulfate and pyruvate for use as energy or re-methylated to methionine (Preynat et al., 

2009a).  Folates are involved in reproduction and milk protein synthesis and are in high demand 

during early lactation as methionine is often the first limiting amino acid for milk production 

(Preynat et al., 2009a; Ragaller et al., 2009).   

            Girard and Matte (1998) found when supplemental folic acid was incorporated into the 

total mixed ration (TMR) at 0, 2, or 4 mg per kg of body weight; milk production differed 

between primiparous and multiparous cows with supplemented multiparous cows producing 

more milk.  Those researchers showed that in the first 100 DIM multiparous cows fed 4 mg of 

folic acid/kg of body weight produced 6% more milk and from 100 to 200 DIM multiparous 

cows produced 10% more milk compared to the controls.  In a study by Graulet et al. (2007) 

milk production increased by 3.4 kg/d when cows were supplemented with a top-dress with 2.6 

g/d of folic acid in the first 8 weeks post calving.   

            Folates can be easily destroyed before reaching the small intestine, such that 97% of the 

supplemental vitamin had disappeared after passing through the rumen (Santschi et al., 2005).  

Folic acid is also recycled following absorption in the small intestine and uptake in the liver 

(Santschi et al., 2005).  If it is methylated it is excreted into bile but non-methylated has two 

pathways: getting methylated and added to bile, or sent to the hepatic pool (Santschi et al., 2005).   

            Supplementation of intramuscular injections of 160 mg of folic acid and 10 mg of 

vitamin B12 and folic acid increased milk production by 12% or 1.4 kg/d when provided 3 

weeks before calving until 16 weeks of lactation (Preynat et al., 2009a; Preynat et al., 2009b).  

Preynat et al. (2009b) found that intramuscular B12 vitamin injections increased circulating 

concentrations of vitamin B12 by 196 pg/mL when 160 mg of folic acid and 10 mg of vitamin 

B12 were injected to 16 weeks in lactation.  They also showed that the dietary methionine supply 
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caused variability in response of plasma vitamin B12 to injected supplementation.  Metabolic 

efficiency, seen by improved lactational performance and increased DMI while increasing 

plasma glucose and decreasing hepatic lipids, and gluconeogenesis was improved when 0.5 g of 

vitamin B12 and 2.6 g of folic acid are supplemented together per day (Graulet et al., 2007).  

This was shown by the increase in circulating concentrations of the vitamins as the increase of 

plasma glucose indicating an increase in gluconeogenesis (Graulet et al., 2007).  Preynat et al. 

(2009b) saw similar results when providing 10 mg of vitamin B12 and 160 mg of folic acid. 

            Graulet et al. (2007) found that providing 2.6 g of folic acid alone as a top-dress to cows 

increased milk production by 3.4 kg/d and milk protein yield by 75 g/d, but providing 0.5 g/d of 

vitamin B12 alone saw lower milk production effects.  Vitamin B12 prevents functional 

deficiencies of folates and B vitamins including choline, methionine, folic acid and vitamin B12 

can serve as methyl donors in a variety of reactions (Preynat et al., 2009b; Baldi and Pinotti, 

2006).  Girard and Matte (2005) found that if vitamin B12 supply is limiting when folic acid is 

supplemented there was an inhibition of methionine and SAM synthesis due to folates being 

trapped in their methylated form in serum.  This causes the synthesis of DNA and purine to be 

missing a carbon unit, slowing cell division and methionine production to allow other 

methylation functions to occur (Girard and Matte, 2005).  When vitamin B12 is limiting it can 

cause interference with folate metabolism and gluconeogenesis, resulting in less energy 

production (Graulet et al., 2007).  When there is an increase in serum vitamin B12, there is an 

increase in folic acid clearance in serum when fed supplemental folic acid resulting in a 

decreased of serum folate concentrations (Girard et al., 2005).  According to Graulet et al. 

(2007), methionine synthase, which is a necessary for the methylation of homocysteine to 

methionine and to regenerate active forms of folate, is vitamin B12 dependent. 
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            Graulet et al. (2007) also found that cows supplemented 3 weeks before the expected 

calving date to their 8
th

 week in lactation, fed 2.6 g/d of folic acid with low vitamin B12 supply 

had an increase in accumulation of methymalonyl CoA which inhibits β-oxidation of fatty acids 

in liver which was observed by the accumulation of triacylglycerol (TAG).  Supplementing folic 

acid (2.6 g/d) and vitamin B12 (0.5 g/d) over this same period should stimulate β-oxidation and 

measure supply of acetyl CoA to the Krebs cycle.  This indicated that the affinity of 

methymalonyl CoA was greater when folic acid and vitamin B12 were supplemented together 

improving the efficiency of the metabolic pathway (Graulet et al., 2007).  Acetyl CoA is 

produced after FA oxidation and stimulates gluconeogenesis.  This mitochondrial acetyl CoA is a 

precursor of ketone bodies.  Acetoacetate enters the cytosol where it converts to BHB before 

entering general circulation (Herdt, 2000). 

            Sacadura et al. (2008) fed 3 g/cow/day of a B vitamin blend of biotin, folic acid, 

pantothenic acid and pyridoxine in the feed to cows in mid lactation (219 DIM) for 28 day or 

early lactation (93 DIM) for 35 day experimental period.  In that study the early lactation cows 

showed increases of 0.9 kg/d of milk yield, 0.07 kg/d of milk fat yield, 0.06 kg/d of milk protein 

yield and 4.6 MJ/d of milk energy output and a reduction of somatic cell count by 262, 000 for 

the cows supplied B vitamins compared to the controls.  The results of that study suggest that 

cows earlier in lactation respond better to the B vitamin supplementation compared to the mid 

lactation experiment due to reduced dry matter intake (Sacadura et al., 2008).  Graulet et al. 

(2007) found that if 0.5 g/d of vitamin B12 was supplemented alone then milk production was 

lower than by providing 2.6 g/d folic acid alone or a combination of 2.6 g/d folic acid and 0.5 g/d 

vitamin B12. 
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The effects of folic acid and vitamin B12 on lactational performance vary (Preynat et al., 

2009b).  If vitamin B12 is deficient in the body there tends to be a lack of folates, demonstrating 

that vitamin B12 and folates are needed together (Ragaller et al., 2009).  Folic acid is a 

nutritionally limiting vitamin (NRC, 2001).  Folic acid and vitamin B12 are essential for the re-

methylation of homocysteine to methionine, a limiting amino acid needed for lipid metabolism 

and health of the cow (Preynat et al., 2009b; Ragaller et al., 2009).  Supplementation with 2.6g 

of folic acid increased plasma methionine and glycine concentrations (Graulet et al., 2007).    

Duplessis et al. (2014b) found that when supplementing with an intramuscular injection of 320 

mg of folic acid and 10 mg of vitamin B12 21 days pre-calving to 60 DIM, there was a decrease 

in milk fat concentration by 1.8 g/kg and an increase in milk protein concentration of 0.6 g/kg 

causing a lower fat to protein ratio by 0.06.  This shows that the cows had a better energy status 

and had better energy partitioning compared to the controls. 

            Once folic acid and vitamin B12 are absorbed in the portal circulation they reach the liver 

where folates are used by hepatic cells and the rest is methylated and released into blood 

circulation for use by peripheral tissues (Girard et al., 2001).  Girard et al. (2001) found that 

when infusion of 2.6g of pteroylmonoglutamic acid, a metabolized form of folates that reach the 

liver used by hepatic cells, and 7.8g of cyancobalamin (synthetic vitamin B12) into the rumen, 

increased blood concentrations.  Supplying 2.6 g of pteroylmonoglutamic acid and 500 mg of 

cyancobalamin, the increased dose was due to a previous dose-response curve conducted by the 

authors, 4.3% of folates and 0.27% of vitamin B12 reached the portal blood from the ingested 

doses (Girard et al., 2001).  There were extensive losses through the GI tract as 4.3% of folates 

and 0.27% of vitamin B12 of the supplement reached the portal blood (Girard et al., 2001).  

Folates were absorbed more efficiently with 189.4 µg, calculated percentage of absorption while 
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164.5 ng of vitamin B12 were absorbed into the blood circulation across the rumen wall (Girard 

and Matte, 2005).  This shows that the vitamins need to be rumen protected to reach desired 

efficiencies of absorption.  Vitamin B12 is absorbed in the distal portion of the ileum by specific 

mechanism (Santschi et al., 2005).   

            When vitamin B12 and folic acid are provided in the diet there are increases in the 

concentrations of the vitamins, primarily vitamin B12, in milk (Girard and Matte, 2005).  Cows 

early in lactation have an increased demand for methyl donors to help support milk production 

and as a source of energy (Girard and Matte, 2005).  There is an increase in the competition 

between methyl donor synthesis and gluconeogenesis during early lactation.  Therefore, 

providing an increased supply of folates and vitamin B12 allow methyl donors to be available 

(Girard and Matte, 2005).  Providing these co-factors could allow for improvements in milk 

production and the metabolic efficiency of the cow (Girard and Matte, 2005).   

          Juchem et al. (2012) fed 4 g of a B vitamin complex/cow/day beginning at 21 DIM.  They 

found that with the B vitamin supplement, there was a trend for higher milk protein yield in early 

lactation compared to later in lactation.  They also found that first service conception rate at 42 

days after AI was higher is the B vitamin supplemented group by 48 DIM.  Preynat et al. (2009b) 

found that in their study providing vitamin B12 alone had no effects on the lactation performance 

of the cow.   

            Riboflavin is needed as a cofactor for the metabolism of carbohydrates, fat and protein 

(Roche, 2000).  In the cofactor state, riboflavin is used in the electron transport chain to provide 

electrons to generate adenosine triphosphate (ATP) (Roche, 2000).  In a study looking at the 

disappearance of B-vitamins in the gastrointestinal tract, Santschi et al. (2005) found that 

riboflavin (99.3%) and folates (97%) almost completely disappear before reaching the 
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duodenum.  More research is required to understand the effects of supplemented riboflavin on 

health. 

            Choline is a necessary nutrient to transport fat from the liver and act as a methyl donor 

(Zahra et al., 2006; NRC, 2001; Baldi and Pinotti, 2006).  Choline may be supplemented to the 

cow, in rumen-protected form as it is easily degraded in the rumen as a precursor for 

phosphatidylcholine (Grummer, 2008).  Choline is used as a methyl donor, which is beneficial 

for lipid metabolism early in lactation (Lima et al., 2012; Overton and Waldron, 2004; Baldi and 

Pinotti, 2006).   

           Choline is easily destroyed by rumen microflora so supplementation must be done in 

rumen-protected form (Girard and Matte 2005).  During lactation, there is an increased demand 

of methylated compounds for the synthesis of milk (Girard and Matte 2005).  Increased demands 

during lactation occur when glucose synthesis is high which causes precursor shortages (Girard 

et al., 2005).  Pinotti et al., (2003), found that milk production increased by 2.9 kg/d when cows 

were supplemented with 20 g/day of rumen protected choline in the first 30 days of lactation. 

            Lima et al. (2012) found that cows fed 60 g/cow of rumen protected choline (RPC) 

providing 15 g of choline, had reduced incidence of clinical ketosis and mastitis compared to the 

control group.  Those researchers only found benefits when the supplement was fed pre- and 

post-calving. 

            Choline deficiencies cause many dysfunctions in the body.  Limited supply of choline 

results as a disorder of lipid metabolism as it can lead to fatty liver degeneration (Baldi and 

Pinotti, 2006).  In ruminants, choline is degraded in the rumen so unprotected choline does not 

provide an adequate supply (Baldi and Pinotti, 2006).  This causes other resources to be used for 

methyl supply, consuming precursors needed for gluconeogenesis.  At the onset of lactation all 
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methyl group suppliers such as methionine, choline, folates and vitamin B12 are limiting (Baldi 

and Pinotti, 2006).  Choline has been found to have beneficial effects on milk yield (Baldi and 

Pinotti, 2006).  Choline is needed in the synthesis of carnitine as a methyl donor for fatty acid 

oxidation (Baldi and Pinotti, 2006).  Further, plasma FA levels were lower in cows supplemented 

with rumen protected choline (Baldi and Pinotti, 2006; Pinotti et al., 2003).   

            Choline has a potential to increase the VLDL export from the liver to aid in reducing 

excess TAG levels in the liver (Grummer, 2008).  Grummer (2008) found that supplementation 

of choline reduced NEFA concentrations and reduced triglyceride accumulation.  Choline is, 

thus, required in lipid metabolism.  When choline is provided it is thought to increase export of 

triglycerides in the form of VLDL (Overton and Waldron, 2004).  Zahra et al. (2006) saw a 

decrease in serum cholesterol concentrations a week before calving when supplementing 56 g of 

RPC from 21 days prepartum until 28 days postpartum.  This could indicate that triglycerides are 

being transported out of the liver by VLDL.   Zahra et al. (2006) also found that RPC 

supplementation improved milk yield by 1.2 kg/d overall with effects on milk production mainly 

from fat cows.  Similarly, Piepenbrink and Overton (2003) found that choline in the form of 

phosphatidylcholine aids in the transport of FA in blood and that there was more TG available 

for incorporation into milk fat.  Those researchers also found that liver concentrations of NEFA 

were decreased indicating that VLDL transport of TG out of the liver was enhanced.     

Conclusion 

            There are many studies that show that transition cows are at risk of metabolic disorders 

such as hyperketonemia, which is related to production of glucose that is required for milk 

production and health.  Ketosis can have many negative effects on the health and production of 

dairy cattle; reduced milk yields, and increased clinical disease have been seen to occur when 
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ketosis is apparent in a cow.  Studies completed by Preynat et al. (2009a/b), Graulet et al. (2007), 

and Sacadura et al (2008) as well as many others, have also shown that supplements or injections 

of vitamins, such as B12, choline, and folic acid may reduce health inefficiencies during the 

transition period resulting in improved milk yields and aid in maintaining health.  Lima et al. 

(2012) found that cows fed 60 g/cow of RPC had reduced incidence of clinical ketosis.  Zahra et 

al. (2006) found that milk yield was increased due to RPC supplementation.  Girard and Matte 

(2005) found that supplementing folates and vitamin B12 to a cow improved milk production 

and reduced liver accumulation of fatty acids. 

            Supplements are an easy, less invasive, less labor intensive option to provide metabolic 

support for the transition cow.  More, larger field studies are required to study the effects of 

dietary supplementation in a commercial environment, as most studies are done in small research 

study herds or in tie-stall facilities.  Since majority of farms are moving to freestall operations, 

more studies in these environments are necessary to determine the proper feeding habits of 

supplementation for best results.  

Research Objectives and Hypotheses 

 

 The objectives of this thesis were to measure the association of a B vitamin supplement 

with the incidence of health disorders, milk yield and reproduction in early lactation in 

commercial dairy herds.  The hypotheses of this study are that the supplementation of B vitamins 

and choline in the transition period will reduce the incidence of hyperketonemia and decrease 

liver fat infiltration which in turn will improve pregnancy by 150 DIM and increase milk 

production in early lactation.  It was also hypothesized that the supplemental B vitamins will 

reduce udder edema in cows throughout the transition period. 
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CHAPTER 2: EFFECTS OF B VITAMIN SUPPLEMENTATION ON 

HEALTH, PRODUCTION AND REPRODUCTION IN TRANSITION 

DAIRY COWS 

 

INTRODUCTION 

 

High-producing dairy cows are at a high risk of developing metabolic diseases over the 

transition period (LeBlanc, 2010; Abuajamieh et al., 2016).  The transition period is defined as 

the 3 weeks before to 3 weeks after calving, when there is an increase in energy demand due to 

the onset of lactation and many other hormonal changes (Grummer, 1995; Drackley, 1999; 

Duplessis et al., 2014b).  Most cows experience negative energy balance (NEB) during this 

period and genetics, physiology, management, and nutrition combine to determine the success of 

adaptation to NEB (Herdt, 2000; Ospina et al., 2013).  The energy deficit is due in large part to 

the typical reduction in appetite during the transition period and increased energy demands for 

milk production (Ospina et al., 2013).  Storage of carbohydrates is limited, resulting in cows 

synthesizing glucose from dietary carbohydrates and protein (Herdt, 2000).  Since dietary intake 

is reduced close to calving, energy must be synthesized from alternative fuel sources (Herdt, 

2000).  Cows adapt to NEB by mobilizing fat reserves (Herdt, 2000; Duffield, 2000).  Fat is then 

oxidized to supply the Kreb’s cycle, with partially oxidized fatty acids generating ketone bodies, 

which spare glucose by serving as alternative fuel for some tissues (Grummer, 2008).  Ketone 

production is a normal adaptation to NEB, but when excess amounts of ketones are produced and 

accumulate this can cause or contribute to adverse health effects in the cow (Duffield, 2000; 

Grummer, 2008).  Excess ketone bodies and circulation of NEFA from adipose tissue can 

increase the risk of fatty liver (Bobe et al., 2004; Schulz et al., 2014).  Subclinical ketosis has 

been defined as the excess concentration of circulating ketone bodies in the absence of clinical 
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signs of disease (Andersson, 1988).  Ketosis is a very costly problem in the dairy industry 

(McArt et al., 2015), as there is a loss of milk production and increased risk of diseases such as 

left displaced abomasum (LDA) and metritis attributable to ketosis (Duffield, 2000; LeBlanc, 

2010; Ospina et al., 2013).  

            Dairy cattle are thought to be able to synthesize sufficient quantities of most B vitamins 

in the rumen to meet requirements for production of 35 L/d of milk (NRC, 2001).  Vitamin B12 

is necessary for the production of enzymes needed for methionine regeneration and 

methylmalonyl CoA mutase, which is needed for propionate to enter Kreb’s cycle (Kennedy et 

al., 1990; NRC, 2001 Preynat et al., 2009a,b; Akins et al., 2013).  Providing vitamin B12 and 

folic acid together has enhanced entry of propionate into Kreb’s cycle for energy use (Graulet et 

al., 2007; Preynat et al., 2009a).  This may be beneficial as propionate is a major substrate for 

glucose synthesis in dairy cows (Danfaer et al., 1995).    

            Several studies have been done to investigate metabolic and production responses to 

increased dietary supply of B vitamins.  Vitamin B12 and folic acid are used as methyl donors in 

Kreb’s cycle (Bailey and Gregory, 1999; Scott, 1999; Preynat et al., 2010), so responses to 

supplemental B vitamins may vary with the availability of other methyl donors e.g. dietary 

methionine or choline supply.  Folates are used in the DNA cycle and the methylation cycle, but 

are also necessary for reproduction and milk protein synthesis (Girard and Matte, 2005; Preynat 

et al., 2009a).  Dietary supplementation of folate has led to increased milk yield, and the addition 

of dietary vitamin B12 has been shown to increase plasma glucose concentrations (Graulet et al., 

2007).  Providing supplemental folic acid and vitamin B12 by weekly injections has been shown 

to increase milk production by 12% (Preynat et al., 2009a,b).  However, in a field study of 805 

cows in 15 herds (Duplessis et al., 2014a), weekly injections of folate and vitamin B12 through 
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the transition period generally did not affect health outcomes or milk yield, although milk protein 

percentage was increased (Duplessis et al., 2014b). 

            The objective of this study was to measure the effect of a commercially available 

proprietary feed additive that provides B vitamins and choline on the incidence of health 

disorders, milk yield and reproduction in early lactation in commercial dairy herds.  We 

hypothesized that the supplementation of B vitamins and choline would reduce the incidence of 

hyperketonemia (subclinical ketosis) and decrease liver fat infiltration which would consequently 

improve health and pregnancy rate and increase milk production in early lactation.   

MATERIALS AND METHODS 

 

Study Size and Herds 

            The study was conducted on 3 commercial free-stall dairy farms in Ontario between 

November 2015 and December 2016.  Herd size varied from 195 to 797 lactating cows.  The 

herds are described in Table 2.1.  The primary outcome was the cumulative incidence of ketosis 

(blood BHB ≥ 1.2 mmol/L).  Recent studies (McArt et al., 2012; Gordon et al., 2017) have 

shown a mean cumulative incidence of 43% of ketosis.  To detect a reduction to 35% with 95% 

confidence and 80% power requires 1166 cows (Abramson, 2011).  For our secondary outcomes 

that sample size would allow for detection of a 1 kg/d (SD = 6) difference in milk yield and a 

difference of 32 vs. 40% pregnancy at first AI.  Herds were purposely selected based on milking 

more than 150 Holstein cows, being enrolled in DHI milk recording, and maintaining accurate 

disease records.  Herds enrolled agreed to provide B vitamin supplementation according to the 

study protocol to cows from 3 wk before calving to 3 wk after calving and not provide any other 

products that contained protected choline or B vitamins.  The cows were fed a close-up diet for 3 

wk before their expected calving date and were transferred onto a fresh cow diet post calving.  
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Each farm was visited weekly from November 2015 to December 2016.  The University of 

Guelph Animal Care Committee reviewed and approved the study protocols that were accepted 

and followed by the herds enrolled.  The nutrient content of the pre-fresh and milking cow TMR 

were analyzed at the beginning, middle and end of each treatment period by a commercial 

laboratory (Agri-Food Laboratories, Guelph, Ontario, Canada).  Diets are described in Table 2.2.  

Treatment Delivery and Sample Collection 

            Data were collected weekly from each farm.  Weekly copies of each farms’ Dairy Comp 

305 (DC305; Valley Ag Software, Tulare, CA, USA) files were taken.  The treatment was the 

label amount (100 g/cow/d) of a proprietary commercially available supplement (Transition VB; 

Jefo Nutrition Inc, St. Hyacinthe, Quebec, Canada) containing folic acid, vitamin B12, 

riboflavin, and choline, as well as vitamins A, D3, and E, microencapsulated in a lipid matrix for 

rumen protection.  The placebo was an equal volume of a lipid supplement (Jefo Dairy Fat) with 

a similar consistency.  To maintain blinding of the study participants and researchers, the 

products were delivered in generic 25 kg bags labelled only as Product A or B.  Herds were 

randomly assigned to feed either Product A or Product B in period 1 (November to May) and 

after the first 6 mo period, switched to the other treatment for period 2 (May to November).  

Producers were instructed to feed a dose of 100 g of product per head per day into the total 

mixed rations (TMR) or to top-dress to all close-up dry and early lactation cows.  Cows were 

enrolled based on expected calving date at 3 wk before their due date and were started on the 

respective supplemental product.  Cows were provided the product for 21 d after calving.  Blood 

samples were collected from the coccygeal vessels into evacuated tubes without anticoagulant 

(Vacutainer; BD, New Jersey, USA) between 4 and 10 d before the expected calving date and 

between 1 and 7 d in milk (DIM) to measure serum non-esterified fatty acids (NEFA).  Serum 
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NEFA was measured with a Cobas 6000 c501 (Roche) biochemistry analyzer using the Randox 

NEFA kit at the Animal Health Laboratory, University of Guelph.  Blood samples were taken 

once each week for the first 3 wk postpartum to measure blood β-hydroxybutyrate (BHB) with a 

validated point-of-care meter (Precision Xtra, Abbott Laboratories).  Blood samples to measure 

serum progesterone (P4) were collected at wk 6 and 8 postpartum from the coccygeal vessels.  

Progesterone was measured using a validated ELISA kit (Ovucheck Plasma, Biovet) in our lab 

(Broes and LeBlanc, 2014).  Cows with serum P4 < 1 ng/ml in both samples were classified as 

anovular.  Body condition was scored on a 5 point scale (Edmonson et al., 1989) at enrollment (3 

wk before calving) and at the end of treatment (3
rd

 wk after calving).  Cows were examined at 

wk 6 postpartum for purulent vaginal discharge (PVD) using a Metricheck device (Simcrotech, 

Hamilton, New Zealand).  Cows with muco-purulent or purulent discharge were classified as 

having PVD.  Udder edema was evaluated on a 4-point scale.  Scores were collected weekly on 

cows from 1 week before calving and in the first three weeks after calving.  The cows were 

assigned a score of 0 to 3 based on a scoring system developed for this study (Table 2.3).  Scores 

were assigned based on visual assessment, as well as palpation of the udder.     

Statistical Analysis  

            A total of 1,346 cows were enrolled in the study, with 1,046 contributing complete data 

for all outcomes.  Data were used from a total of 670 cows on the treatment and 676 cows on the 

control.  Data collected over the study period were entered into Microsoft Excel.  Data for 

diseases and reproductive performance were extracted from DC305 into Microsoft Excel for all 

of the enrolled cows.  Data for milk yield (kg/d), % fat and % protein were recorded from DHI 

(Dairy Herd Improvement) the first 3 test day samples for each cow on the study from CanWest 

DHI (Guelph, ON, CA).  All statistical analyses were completed in SAS (Version 9.4, SAS 
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Institute, Inc., Cary, NC, US).   

            Linear regression models (MIXED procedure in SAS) were used to evaluate all 

continuous outcomes (milk production data, BHB and NEFA concentrations, and udder edema 

score) for the effects of treatment.  Where relevant for blood BHB concentrations and milk yield, 

repeated measures were accounted for with an autoregressive type 1 covariance structure, 

selected based on providing the lowest Akaike’s Information Criterion for the final model.    

Residuals for the models were graphically examined and variables with non-normal distributions 

(BHB, NEFA and udder edema) had the outcome variable log-transformed for analysis.  

Univariable analysis of the association of treatment with categorical outcomes was done with 

Chi-squared statistics before building models.  Categorical clinical disease outcomes (BHB ≥ 1.2 

mmol/L (after calving), NEFA ≥ 0.4 (the week before calving) and ≥ 0.7 or ≥ 1.0 (in wk 1 after 

calving), udder edema score ≥ 2, and anovular status) were evaluated using logistic regression 

models (GLIMMIX procedure in SAS). 

            Time to event outcomes (intervals from calving to first AI and to pregnancy and to 

culling < 30 DIM) were evaluated using Kaplan-Meier estimates (LIFETEST procedure in SAS).  

Multivariable models employed Cox Proportional Hazard Regression analysis (PHREG 

procedure in SAS). 

            Cows sold for dairy, domestic, or export purposes were not counted as culls within the 

first 30 DIM.  Each model was initially run with treatment, parity (first, second and third or 

greater), farm, and all possible 2 way interactions with treatment as fixed effects and then 

reduced if the variables were not significant (P > 0.05).  Initial assessment of the data included 

farm and the interaction of farm and treatment as a fixed effect.  There were no farm or 

interaction of farm and treatment effects, thus farm was considered a random effect.  However, 
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while all outcomes were assessed at the individual cow level, each farm had only one close-up 

dry and one fresh cow pen.  Therefore, treatment and control was assigned at the pen level.  To 

apply the correct error structure and degrees of freedom for treatment effects for this design 

(Bello et al., 2016), all final linear and logistic regression models included random effects of 

farm and the interaction of farm, treatment, and study period.  Treatment means, SE, and P-

values are reported from these analyses. 

RESULTS 

 

Parity did not differ (P = 0.08) between treatment (2.3 ± 0.06) and control (2.5 ± 0.06).  

Pre-treatment BCS was also similar (P = 0.48) for treatment (3.7 ± 0.01) and control (3.6 ± 

0.01).  Accounting for parity and initial BCS, there was no effect (P = 0.68) of treatment (3.3 ± 

0.03) and control (3.3 ± 0.03) on BCS at 3 wk post-calving.   

            There was no effect of treatment on blood BHB (P = 0.85) concentrations overall (Table 

2.4).  The prevalence of ketosis at each week (Table 2.5) and the cumulative incidence of ketosis 

(10.2 % and 9.8 %; P = 0.84) did not differ between treatment and control respectively. 

           There was no effect of treatment (P = 0.72) on the mean serum concentrations of NEFA 

(Table 2.6) or the proportions of cows above cut points for classification of disease risk status 

(Table 2.7). There were no effects of treatment on the incidence of clinical disease or culling in 

early lactation Table 2.8.  

            There was no difference between treatments (P = 0.91) in udder edema, but edema 

decreased over time (Table 2.9).  When a cut point of 2 was applied to the udder edema scores 

there were differences among farms, but no significant effect of treatment (P = 0.86).   

            There were numerical differences among farms in the prevalence of anovular cows at wk 

6 and 8 postpartum, but there was no significant difference (P = 0.52) in the prevalence of 



 

 

42 

 

anovulation between treatment (11% ± 9.6) and control (23% ± 16.6).    

            There was no difference between treatments (P = 0.15) in time to first AI: 63 (95% CI, 60 

to 65) d in treatment and 65 (95% CI, 63 to 66) d in control.  Accounting for parity, there was no 

difference (P = 0.83) in the proportion of cows pregnant at first AI in treatment (33 ± 4.6 %) and 

in the control (35 ± 4.5 %).  Accordingly, there was no difference (P = 0.62) between treatment 

(97 d: 95% CI, 92 to 104) and control (96 d: 95% CI 90 to 101) in time to pregnancy to 300 

DIM.   

            Milk yield was based on data obtained from DHI for the first 3 test day samples and did 

not differ (P = 0.56) between treatment (43.8 ± 3.7 kg/d) and control (44.1 ± 3.7 kg/d).  There 

was no interaction of treatment by test day (P = 0.73) in the model.  Figure 2.1 shows the milk 

yield (kg/d) over each test day.  The protein percentage was not different between treatments (3.2 

± 0.1 %) and control (3.2 ± 0.1 %) (P = 0.36) but there was a treatment by test day interaction 

(Figure 2.2).  The overall protein yield was not different (P = 0.78) between treatment (1.4 ± 

0.11 kg/d) and control (1.4 ± 0.11 kg/d).  The overall milk fat percentage was not different (P = 

0.38) between treatment (4.1 ± 0.18 %) and control (4.0 ± 0.18 %). 

DISCUSSION 

 

In this study, the hypothesized effects of supplemental B vitamins and choline during the 

transition period on ketosis, clinical diseases, milk yield and reproductive performance were not 

observed.  The findings of this study failed to support the hypothesis that, with supplementation 

of B vitamins and choline, the incidence of hyperketonemia would be reduced and there would 

be improved pregnancy rate by 150 DIM.  Treatment did not improve milk yield or improve milk 

protein percentages.  Other studies by Girard and Matte (1998) and Graulet et al. (2007) found 
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increases in milk yield of 6 % and 3.4 kg/d respectively, showing that their supplementation with 

B vitamins (4 wk prepartum to 305 DIM and 3 wk prepartum to 8 wk postpartum respectively) 

improved milk production.  Sacadura et al. (2008) found that cows receiving a similar 

supplement produced 0.03 kg/d more milk protein compared to control cows, which differs from 

the results of the current study, as the cows are mid lactation and the B vitamin supplement is 

made up of difference ingredients.  Although, Sacadura et al. (2008) found an increased in milk 

yield in early lactation cows of 0.9 kg/d. 

            The overall incidence of ketosis in this study was 10.2 %, which did not differ between 

treatment groups.  This incidence is well below the incidence of ketosis found in other studies 

completed in Ontario, where cumulative herd incidence was 43% and the herd incidence ranged 

from 20 to 79 % (Gordon et al., 2017a) or herd incidence was 44 % with range of 31 to 69 % 

(Gordon et al., 2017b).  Ospina et al. (2010) did find lower herd incidence of ketosis (15 to 20 

%) compared to the aforementioned studies.  The present study and studies by Gordon et al. 

(2017a,b) were attempting to resolve ketosis, where Ospina et al. (2010) was looking at herd 

prevalence against disease incidence with no supplemental effects on ketosis.   

            The herds in this study had high production, good reproduction, and low incidences of 

disease, including lower than typical incidence of ketosis than most herds.  The incidence of 

ketosis reduced the opportunity to demonstrate a treatment effect. 

            The results of the present study suggested a decrease in the prevalence of anovular cows 

compared to the control.  Due to the effects of accounting for pen-level delivery of the treatment, 

this reduced the power of the results to establish this difference statistically.   

            There was no supplemented rumen-protected methionine provided in this study.  Other 

studies (Girard et al., 2005; Preynat et al., 2009a,b; Preynat et al., 2010) provided the basal 
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requirements of dietary methionine, as well as providing a rumen-protected methionine to 

provide an increased amount of methionine supply to metabolizable protein (MP) along with a 

supplemental B vitamin.  Added methionine can be used as a methyl donor, which is similar to 

how the B vitamin supplementation could be used during NEB.  In the studies mentioned above 

where increases in milk production were observed, which may show that the added benefit of 

methionine allowed for the B vitamins in the supplement to be used other than as methyl donors 

to improve production.        

            Comparing this trial to studies with similar designs (Sacadura et al., 2008; Juchem et al., 

2012; Duplessis et al., 2014b), we did not detect any increases in milk yield and milk protein 

yield.  Duplessis et al. (2014a) found similar results to the present study, as there was no change 

in milk yield or improvements in health outcomes, although the researchers supplemented with 

an intramuscular injection of 320 mg of folic acid and 10 mg of vitamin B12.  The differences 

between those previous studies and ours may relate to the supplementation method, or different 

combinations and quantities of B vitamins supplemented.   

            Some limitations to this study were the fact that it is unknown how much each cow 

consumed of the supplement on a daily basis, although this reflects feeding in commercial herds.  

Studies by Preynat et al. (2009b) and Duplessis et al. (2014b) administered injectable B vitamins, 

which allowed for control of delivery throughout the study.  This removes the issue of 

palatability and feed sorting depending on the preference of the cows.  Studies should be 

completed on the disappearance of the supplement in the rumen, because although the 

supplement was rumen protected, knowing the uptake from the gut and into the liver would help 

to optimize the dosage.  Taking samples of the TMR rations frequently and testing for the 
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concentration of the B vitamin supplementation would help to determine that the correct amount 

of supplement was properly supplied. 

CONCLUSIONS 

 

 Under the conditions of this study, the supplementation of a complex of B vitamins and 

choline to transition cows did not have an impact on the incidence of ketosis, clinical health 

disorders or anovulation, or reproductive performance.  There was no improvement of milk 

production through the first three DHI test days with supplementation.  Future research should 

quantify the amounts of supplementation of B vitamins and the herd nutritional conditions to 

determine what supplementation amount would have increased production benefits. 
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Table 2.1 Description of 3 commercial dairy herds in Ontario, Canada, enrolled in a randomized 

controlled trial of a dietary supplement of B vitamins for cows in the transition period 

Description  Herd 

 1 2 3 

Cows enrolled (n) 

 

797 354 195 

Random Treatment 

allocation 

   

     Period 1 (fall-winter) Treatment Control Control 

     Period 2(spring-summer) Control Treatment Treatment 

 

Milking Frequency/d 

 

2 

 

2 

 

2 

 

Mature equivalent 305 d 

herd average milk yield at 

the start of the study (kg) 

 

 

13,059 

 

 

13,122 

 

 

16,346 

 

21 d herd annual pregnancy 

rate for lactating cows at the 

start of the study (%) 

 

 

27 

 

 

27 

 

 

24 

 

Housing 

   

     Close-up dry Weekly calving 

cohorts in pens of 10 

to 20 cows 

Straw pack 

1 large pen with 15 

to 30 cows 

Straw pack 

Weekly calving 

cohorts in pens of 

5 to 10 cows 

Shavings pack 

    

     Fresh Free stall 

Composted manure 

~3 weeks 

Free stall 

Sand bedding 

~3 weeks 

Free stall 

Sand bedding 

~3 weeks 

    

Feed Delivery Method Mixed in TMR Mixed in TMR Mixed in top-dress 
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Table 2.2 Diets fed to cows in the 3 commercial herds in Ontario, Canada enrolled in a 

randomized controlled trial of a dietary supplement of B vitamins for cows in the transition 

period 

 Herd 

Item 1 2 3 

Close-up Dry Cows    

Ingredients, % of diet DM    

  Straw wheat - - 12.3 

  Straw 14.6 31.1 - 

  Corn Silage 39.7 40.1 27.1 

  Haylage - - 41.6 

  Amino plus - - 7.75 

  Dry cow base mix - - 7.9 

  XZELIT (sodium aluminosilicate) - - 3.4 

  Pro Bios TC Farm PAk - 0.09 - 

  Protein Blend - 25.0 - 

  Smi Mineral - 3.45 - 

  Soy meal 10.5 - - 

  Dry cow minerals 1.7 - - 

  Grass 19.8 - - 

  Corn Cob Meal 6.2 - - 

  Biochlor 7.8 - - 

  Calcium Sulfate - 0.22 - 

Analyzed Composition (DM%)    

  Predicted MP (g) NA 1017.50 1313.22 

   CP 16.3 13.5 14.7 

   SP 6.4 4.2 5.5 

   ADF 20.6 26.7 23.9 

   NDF 31.6 43.2 39.5 

   LIG, % 2.4 4.1 3.93 

   FAT, % 3.0 3.3 3.1 

   Starch, % 20.8 19.03 19.8 

   NFC, % 46 38.7 39.4 

   ASH, % 6.5 5.8 6.9 

   Ca, % 0.41 0.78 0.62 

   P, % 0.46 0.35 0.32 

   K, % 1.5 0.92 1.34 

   Mg, % 0.61 0.29 0.39 

   Na, % 0.21 0.08 0.34 

   NEL (Mcal/kg DM) 1.55 1.4 1.4 

   MET (%MP) NA 2.0 2.4 

Lactating Cows    

Ingredients, % of diet DM    

  Custom Dairy Top-dress - - 8.4 

  Straw wheat - - 2.2 
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  Corn silage 27.7 36.46 26.3 

  Haylage - 18.24 22.8 

  High moisture corn - - 25.0 

  Amino plus - - 7.1 

  Base mix  1.7 - 6.8 

  Golden Flake - - 0.5 

  Palmit 80 - - 1.01 

  Protein Blend - 19.08 - 

  Alfalfa Hay - 1.92 - 

  Corn meal - 29.44 - 

  Cottonseed (whole with lint) - 0.85 - 

  Mineral - 0.65 - 

  Milking cow mix - 1.92 - 

  Dairy Fat - 0.35 - 

  Straw 10.2 1.31 - 

  Soybean Hulls Ground - 5.47 - 

  Soy meal 10.7 - - 

  Grass 13.8 - - 

  Corn Cob Meal 21.5 - - 

  Biochlor 5.4 - - 

  Gluten 8.6 - - 

  Lime 0.51 - - 

  Salt 0.13 - - 

Analyzed Composition (DM%)    

  Predicted MP (g) NA 2580.50 2762.03 

   CP 15.8 16.2 17.3 

   SP 5.0 5.37 6.06 

   ADF 20.3 18.04 17.3 

   NDF 32.5 31.8 29.5 

   LIG, % 2.8 2.81 3.1 

   FAT, % 3.0 4.04 4.3 

   Starch, % 22.8 24.6 26.8 

   NFC, % 46.5 46.3 46.4 

   ASH, % 6.5 6.03 6.7 

   Ca, % 0.44 0.83 0.93 

   P, % 0.51 0.41 0.46 

   K, % 1.5 1.40 1.4 

   Mg, % 0.56 0.30 0.38 

   Na, % 0.18 0.22 0.28 

   NEL (Mcal/kg DM) 1.58 1.7 1.6 

   MET (%MP) NA 2.1 2.3 
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Table 2.3 Udder edema scoring system developed for the study on 3 commercial dairy herds  

Score Definition Example 

0 None - No edema present 

 
1 Slight - Edema beginning to reduce the 

appearance of the medial suspensory ligament, 

uneven quarters 

 
2 Moderate - Edema obstructing the appearance of 

the medial suspensory ligament, beginning to 

extend toward the front of the udder and 

beginning to accumulate near the navel 

 
3 Severe - Edema well pronounced with no signs 

of the medial suspensory ligament, extending 

toward the vulva and a larger accumulation 

toward the navel 
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Table 2.4 Blood β-hydroxybutyrate concentrations for the first three weeks post-calving in a 

randomized controlled trial of a dietary supplement of B vitamins for cows in the transition 

period 

 Treatment Control  

Week n LS Mean SE n LS Mean SE P-value 

1 618 0.68 1.08 627 0.67 1.08 0.87 

2 589 0.67 1.04 609 0.67 1.04 0.97 

3 571 0.61 1.04 598 0.62 1.04 0.87 
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Table 2.5 Prevalence of ketosis (LS Mean) over the first three weeks postpartum in a 

randomized controlled trial of a dietary supplement of B vitamins for cows in the transition 

period 

 Treatment Control  

Week n % Ketosis SEM n % Ketosis SEM P-value 

1 618 9 0.03 627 8 0.03 0.82 

2 589 9 0.03 609 8 0.02 0.71 

3 571 6 0.02 598 5 0.01 0.60 
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Table 2.6 Serum NEFA concentrations for the weeks before and after calving in a randomized 

controlled trial of a dietary supplement of B vitamins for cows in the transition period 

 Treatment Control  

Week n LS Mean SE n LS Mean SE P-value 

-1 512 0.24 1.32 540 0.22 1.32 0.55 

1 614 0.71 1.06 626 0.68 1.06 0.64 
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Table 2.7 Proportion of cows above cut points for disease risk status in a randomized controlled 

trial of a dietary supplement of B vitamins for cows in the transition period 

  Treatment Control  

Week Cut-point n LS Mean SEM n LS Mean SEM P-value 

-1 0.4 512 0.21 0.10 541 0.21 0.10 0.98 

         

1 0.7 615 0.54 0.05 626 0.48 0.05 0.44 

 1 615 0.25 0.05 626 0.23 0.05 0.80 
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Table 2.8 Descriptive statistics of clinical diseases in a randomized controlled trial of a dietary 

supplement of B vitamins for cows in the transition period  

 Incidence Risk (%)  

Clinical Disease Treatment  

(n = 670) 

Control 

(n = 676) 

P-value 

Retained Placenta 6.3 4.5 0.26 

Milk Fever 0.9 1.8 0.52 

Metritis
 

0.5 1.3 0.56 

Displaced Abomasum 1.5 2.5 0.28 

First case of Clinical Mastitis < 30 DIM 2.4 1.9 0.75 

Early Cull
1
 4.3 2.2 0.13 

Purulent Vaginal Discharge
2 

14.3 19.5 0.48 
1
Sold or died within the first 30 DIM excluding sales as dairy cows/exports  

2
n=535 for Treatment A and n=556 for the control 
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Table 2.9 Udder edema scores from the week before calving to 3 weeks after calving in a 

randomized controlled trial of a dietary supplement of B vitamins for cows in the transition 

period 

 Treatment Control  

Week n LS Mean SE n LS Mean SE P-Value 

-1 470 1.48 1.03 517 1.49 1.03 0.93 

  1 582 1.52 1.03 599 1.50 1.03 0.78 

2 520 1.25 1.03 559 1.24 1.03 0.96 

3 493 1.13 1.02 518 1.14 1.02 0.78 
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Figure 2.1 Milk yield (kg/d; means ± SE) on the first 3 DHI test days in a randomized controlled 

trial of a dietary supplement of B vitamins for cows supplemented with treatment (n=626, 577 

and 538 respectively) and control (n=660, 591 and 564 respectively) in the transition period 
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Figure 2.2 Milk protein % (mean ± SE) on the First 3 Test Days in a randomized controlled trial 

of a dietary supplement of B vitamins for cows supplemented with treatment (n=626, 576 and 

537 respectively) and control (n=659, 591 and 564 respectively) in the transition period 
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CHAPTER 3: ASSOCIATION OF UDDER EDEMA ON HEALTH AND 

PRODUCTION IN TRANSITION DAIRY COWS 
 

INTRODUCTION 

 

During the transition period, 3 weeks before to 3 weeks after calving, high producing 

dairy cows are at a higher risk of developing many metabolic diseases.  Udder edema is a 

common, yet little-investigated, metabolic disorder (Melendez et al., 2006; Kojouri et al., 2015).  

Udder edema is the accumulation of lymphatic fluid in the interstitial space of the mammary 

gland (Tucker et al., 1992; Kojouri et al., 2015).  This accumulation can cause major issues in the 

cow, as they are more susceptible to damage with the presence of edema and have reduced space 

available for milk storage (Tucker et al., 1992; Kojouri et al., 2015).  Kojouri et al. (2015) looked 

at different biochemical measurands in serum and found that total protein concentrations, 

triglycerides, cholesterol, and lipoproteins concentrations were all reduced in cows with udder 

edema.  Other issues related to udder edema include difficulty with milking machine attachment, 

risk for teat and udder injuries, mastitis, and reduction in milk production (Melendez et al., 2006; 

Bacic et al., 2007).  The formation of udder edema can occur when there are decreases in 

circulating lipid and lipoprotein concentrations, due to impairment in liver function, while having 

low DMI (Kojouri et al., 2015).    

            Cows generally have some udder edema in late pregnancy and at parturition, specifically 

first lactation, but extensive edema has been shown to impact milk production and health of the 

udder (Malven et al., 1983).  Cows with increased gestation lengths showed increased severity of 

edema (Malven et al., 1983).  Malven et al. (1983) demonstrated that higher levels of estradiol-

17α and plasma estrone increased severity of edema.  Melendez et al. (2006) demonstrated that 

milk production was reduced by 3.6 kg at the first test day when there was udder edema 
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compared to cows without edema.  Van Dorp et al. (2006) determined that there is a genetic 

correlation between milk yield and udder edema, such that high-producing cows have an 

increased genetic potential of developing udder edema. 

            The objective of this study was to measure the association of udder edema with the 

incidence of health disorders in the transition period and milk yield in early lactation.  We 

hypothesized that cows with udder edema would be associated with greater incidence of health 

disorders and would produce less milk in early lactation. 

MATERIALS AND METHODS 

 

Study Size and Population 

 The study was conducted on 3 commercial free stall dairy farms in Ontario as part of a 

randomized controlled trial of a dietary supplement of B vitamins.  Herd size varied from 195 to 

797 lactating cows.  The exposure of interest was the presence of udder edema (score > 2).   

Herds were purposely selected based on milking more than 150 Holstein cows, being enrolled in 

DHI milk recording, and maintaining accurate disease records.  Each farm was visited weekly 

from November 2015 to December 2016.  The University of Guelph Animal Care Committee 

reviewed and approved the study protocols that were accepted and followed by the herds 

enrolled.  

Data Collection 

            Udder edema scores were assigned weekly on cows at 1 wk before expected calving and 

in each of the first 3 wk after calving.  The cows were assigned a score of 0 to 3 based on a 

scoring system developed for this study (Table 3.1).  Scores were assigned based on visual 

assessment, as well as palpation of the udder.  The scoring system was developed by evaluating 

the scoring systems used by Dentine and McDaniel (1984), Nestor et al. (1988), and Tucker et al. 
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(1992).  Those systems ranged from 5 to 10 point scoring system which makes discrimination 

between points more difficult to assess properly.  The scoring system developed for this study 

was a 4 point scale from 0 for no edema to 3 for severe edema.  This scoring system and rubric 

allows for differentiation of changes in the udder into discrete categories.  Inter-rater 

repeatability was assessed with 3 individual scorers at the time of the scoring development.  A 

Cohen’s Kappa coefficient was calculated and based on the results a substantial agreement of 

0.76 was found between raters 1 and 2, and raters 2 and 3.  An almost perfect agreement of 0.88 

was found between raters 1 and 3. 

            Blood samples were collected from the coccygeal vessels into evacuated tubes without 

anticoagulant (Vacutainer; BD, New Jersey, USA) between 4 and 10 d before the expected 

calving date and between 1 and 7 d in milk (DIM) to measure serum non-esterified fatty acids 

(NEFA).  Serum NEFA was measured with a Cobas 6000 c501 (Roche) biochemistry analyzer 

using the Randox NEFA kit at the Animal Health Laboratory, University of Guelph.  Blood 

samples were taken once each week for the first 3 wk postpartum to measure blood β-

hydroxybutyrate (BHB) with a validated point-of-care meter (Precision Xtra, Abbott 

Laboratories).  Blood samples to measure serum progesterone (P4) were collected at w 6 and 8 

postpartum from the coccygeal vessels.  Progesterone was measured using a validated ELISA kit 

(Ovucheck Plasma, Biovet) in our lab (Broes and LeBlanc, 2014).  Cows with serum P4 < 1 

ng/ml in both samples were classified as anovular.  Body condition was scored on a 5 point scale 

(Edmonson et al., 1989) at enrollment (3 wk before calving) and at the end of treatment (3
rd

 wk 

after calving).  Cows were examined at wk 5 postpartum for purulent vaginal discharge (PVD) 

using a Metricheck device (Simcrotech, Hamilton, New Zealand).  Cows with muco-purulent or 

purulent discharge were classified as having PVD. 
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Statistical Analysis 

            A total of 1,346 cows were enrolled in the study with scores being collected from 1 wk 

pre-calving to 3 wk post-calving.  Data collected over the study period were entered into 

Microsoft Excel.  Data for diseases and reproductive performance were extracted from DC305 

into Microsoft Excel for all of the enrolled cows.  Data for milk yield (kg/d), milk fat (%), and 

milk protein (%) were recorded from DHI (Dairy Herd Improvement) the first 3 test day samples 

for each cow on the study from CanWest DHI (Guelph, ON, CA).  All statistical analyses were 

completed in SAS (Version 9.4, SAS Institute, Inc., Cary, NC, US).   

            Linear regression models (MIXED procedure in SAS) were used to evaluate all 

continuous outcomes (milk production data, BHB and NEFA concentrations) for the effects of 

udder edema.  Where relevant for blood BHB concentrations and milk yield, repeated measures 

were accounted for with an autoregressive type 1 covariance structure, selected based on 

providing the lowest Akaike’s Information Criterion for the final model.  In the milk models, 

several variables (DIM, parity, milk protein %, milkfat %) were controlled for and removed from 

the model if they were not significant (P > 0.05).  Residuals for the models were graphically 

examined and variables with nonnormal distributions had the outcome variable log-transformed 

for analysis.  For categorical outcomes (clinical disease, ketosis, culling < 30 DIM, pregnancy at 

first AI), the udder edema with a cut point at 2 as an independent variable was evaluated using 

logistic regression model (MIXED or GLIMMIX procedure in SAS).  Univariable analysis of the 

association of treatment with categorical outcomes was done with Chi-squared statistics before 

building models.  Categorical clinical disease outcomes (BHB ≥ 1.2 mmol/L, NEFA ≥ 0.4 (the 

week before calving) and ≥ 0.7 or ≥ 1.0 (in wk 1 after calving), and anovular status) were 

evaluated using logistic regression models (GLIMMIX procedure in SAS). 
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            Preliminary screening was done to determine the appropriate cut point to classify udder 

edema.  A cut point at 1 and 2 were compared and decided that a cut point of 2 would conclude 

proper results for the trial. 

            Cows sold for dairy, domestic, or export purposes were not counted as culls within the 

first 30 DIM.  Each model was initially run with treatment, parity (first, second and third or 

greater), farm and all possible interactions as fixed effects and then was reduced if the variables 

were not significant (P > 0.05).  In each model, each weekly score with the cut point applied was 

controlled in the model separately and then significant scores were placed in the model together 

and the model was reduced if variables were not significant.  This was done to all models when 

the cut point of 2 was applied to the scores.  Treatment (control or B vitamin supplementation) 

was not associated with udder edema, but was forced into all models because of the underlying 

trial. 

            Time to event outcomes (intervals from calving to first AI and to pregnancy and to 

culling < 30 DIM) were evaluated using Kaplan-Meier estimates (LIFETEST procedure in SAS).  

Multivariable models employed Cox Proportional Hazard Regression analysis (PHREG 

procedure in SAS). 

RESULTS 

 

Udder edema was scored over 4 weeks during the trial.  Cows had udder edema when the 

scores were greater than or equal to two.  Within the cows enrolled, 6 % of cows had udder 

edema in all four weeks.  There were 14 % of cows with udder edema in three of the weeks, 20 

% in two of the weeks, 26 % in one of the weeks and 34 % of the cows had no edema in any 

week.  When comparing udder edema in the week pre-calving, 65 % of the cows had udder 

edema in wk 1 post-calving, 70 % had edema in wk 2 and 79 % had edema in wk 3. 
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            There was an overall association of cows with udder edema on post-calving BCS (P = 

0.01) compared to cows without edema.  Cows with udder edema at wk 2 and 3 had no 

association on post-calving BCS.  Cows with udder edema at week -1 (P = 0.03) or cows with 

edema at week 1 (P = 0.01) had lower post-calving BCS compared to cows without edema. 

            There was an overall association of parity on udder edema (P <0.001), with younger 

cows having greater udder edema; 86 % of parity 1 cows had udder edema, whereas second 

parity (56 %) and third parity cows (59 %) had lower prevalence of edema (Table 3.2).  There 

were no association of farm on udder edema between parities.    

            There were effects of udder edema on ketosis in the first 3 wk post-calving (P = 0.02; 

Table 3.3).  Cows in wk 2 post-calving with udder edema were more likely to have ketosis (P = 

0.01).  In general, cows with ketosis were more likely to have udder edema as compared to cows 

without edema. 

            There was an effect of pre-calving udder edema on the proportion of cows with elevated 

NEFA concentrations the week before calving (Table 3.4).   

            There was no difference of udder edema (21 ± 1.9 %) and without edema (20 ± 2.4 %) on 

the prevalence of anovular cows (P = 0.68).  There was a difference (P <0.001) between 

presence of udder edema (91 d: 95% CI, 86 to 95) and without edema (120 d: 95% CI, 103 to 

128) in time to pregnancy to 300 DIM.  There was no difference (P = 0.96) between udder 

edema (64 d: 95% CI, 62 to 65) and without edema (63 d: 95% CI, 60 to 66) in time to first AI.  

Accounting for parity and farm, there was no difference (P = 0.12) in the proportion of cows 

pregnant at first AI with udder edema (37 ± 2.2 %) and without udder edema (31 ± 3.0 %).   

            Udder edema was associated with lower incidence risk of retained placenta (Table 3.5).  

There were no other effects of udder edema on the incidence of clinical disease or culling in 
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early lactation.  

            There was no effect of cows with udder edema at any week from -1 to 3 on milk yield 

compared to cows without edema.  When looking at milk yield against udder edema over the 

first three test days, there was a tendency for cows with udder edema to be associated with higher 

milk yield (P = 0.09).  At test day 1, cows with udder edema at wk 1 (P = 0.006) had increased 

milk yield of 1.4 kg/d or wk 2 (P = 0.002) had increased milk yield of 1.7 kg/d compared to 

cows at each week without edema (Table 3.6).  These edema scores were only significant when 

they were individually in the model.  Over the 3 test days cows with udder edema before calving 

produced 0.04 less protein percentage compared to cows without edema (P = 0.03).  Cows with 

udder edema produced less protein percentage compared to cows without edema at test day 1 

(Table 3.7).  There was no difference between cows with udder edema and protein yield over the 

three test days compared to cows without edema.  At test day 1, protein yield was reduced pre-

calving and improved post-calving when cows had edema present (Table 3.8).  There was no 

difference between cows with udder edema and milk fat percentage over the three test days (P = 

0.24).  When looking at fat yield against udder edema over the first three test days, there was a 

tendency for cows with udder edema to be associated with higher fat yield (P = 0.06). 

DISCUSSION 

 

This study found that udder edema was more common in primiparous compared to 

multiparous cows, similar to Dentine and McDaniel (1983) and Kojouri et al. (2015).   

            Melendez et al. (2006) found that udder edema was not associated with LDA, metritis or 

mastitis.  In the present study, we found similar results, as there was no effect of udder edema on 

DA, metritis, mastitis, milk fever, early culling, or PVD.  Unexpectedly, retained placenta was 

less common in cows with edema in the current study.  Kojouri et al. (2015) found reduced 
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triglycerides, cholesterols, and lipoprotein concentrations in cows with udder edema.  

Triglycerides form into NEFA by cleavage of ester bonds (Herdt, 2000).  When there is a 

reduction of these concentrations, the amount available for conversions to NEFA for energy use 

and eventually conversion into BHB, so having a reduction of triglyceride concentrations may be 

beneficial in reducing the risk of ketosis (Herdt, 2000).  

            Researchers (Dentine and McDaniel, 1983; Melendez et al., 2006; Kojouri et al., 2015) 

have shown that cows with udder edema produced less milk at their first test day sample.  The 

current study did not find a reduction in milk yield when udder edema was present, but pre-

calving udder edema was associated with a decrease in milk post-calving.  Post-calving udder 

edema, specifically from wk 1 and 2 were associated with greater milk yield at first test day (1.4 

and 1.7 kg/d, respectively).  This contrasts with Melendez et al. (2006), who found that at first 

test day there was 3.6 kg/d less milk from cows with udder edema compared to cows without 

edema.  The reduction in milk would be due to the increase in fluid in the udder obstructing the 

room for milk accumulation.  We observed decreased of 0.04 percentage points in milk protein 

overall when udder edema from pre-calving was in the model.  When all weeks of udder edema 

were taken into consideration individually, udder edema had an effect on milk protein percentage 

for pre-calving and wk 2 scores.  The other two weeks were not significant, but did show lower 

milk protein percentage compared to cows without edema, which may be due to the stage of 

lactation.  Conversely, cows with edema after calving, but not before, produced more milk and 

protein.  More research should be completed to determine the association of udder edema with 

improved milk and protein yield.   

            There was no effect of udder edema in cows improving pregnancy at first service.  Since 

udder edema is a fluid build-up, there could also be fluid present in the uterus causing a slower 
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rate of pregnancy at first service (LeBlanc et al., 2002).  This trial did not see a difference 

between the presence of edema and no edema on the amount of cows pregnant at first service, so 

there may not be any implications on pregnancy.  This trial did find that time to pregnancy was 

reduced in cows with udder edema.  Pregnancy can be affected by fluid in the uterus (LeBlanc et 

al., 2002); if the fluid has accumulated in the udder there may not be as much free fluid in the 

uterus improving pregnancy rates.      

            Due to this being an observational study, inter-rater agreement of edema scoring was 

calculated to ensure scoring agreement throughout the trial.  Agreement was found between 3 

different observers to be 0.76, 0.76 and 0.88, all of which are acceptable agreement levels.  This 

shows that the scoring system is easily adaptable by each person using the system.  Agreement 

throughout the trial is of high importance as each score can change a cow from having edema to 

not when the cut point is applied.  This could have been a large limitation if the scoring system 

was not easily followed.  

CONCLUSIONS 

 

            In a field study of 1,346 cows, udder edema was not associated with incidence of clinical 

disease except for RP; cows with udder edema were less prone to RP.  However, there were 

effects on milk yield, milk protein percentage and yield on cows with udder edema pre-calving 

while post-calving udder edema was associated with greater milk and protein yield.  Pre-calving 

udder edema was associated with reduced milk production and showing the importance of 

reducing udder edema wherever possible. 
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Table 3.1 Udder edema scoring system developed for this study on 3 commercial dairy herds  

Score Definition Example 

0 None - No edema present 

 
1 Slight - Edema beginning to reduce the 

appearance of the medial suspensory ligament, 

uneven quarters 

 
2 Moderate - Edema obstructing the appearance of 

the medial suspensory ligament, beginning to 

extend toward the front of the udder and 

beginning to accumulate near the navel 

 
3 Severe - Edema well pronounced with no signs 

of the medial suspensory ligament, extending 

toward the vulva and a larger accumulation 

toward the navel 
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Table 3.2 Association of udder edema and parity in the week pre-calving to 3 weeks after 

calving in 3 commercial dairy herds 

  Week 

  -1 1 2 3 

Parity n % UE ≥ 2 % UE ≥ 2 % UE ≥ 2 % UE ≥ 2 

1 1890 84.0 67.3 39.3 18.3 

2 1040 21.2 46.6 24.2 11.3 

3 1725 35.2 46.4 25.2 15.7 

P –value   <0.001 <0.001 <0.001 0.04 

*UE – udder edema 
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Table 3.3 Frequency of udder edema and cows with BHB levels ≥ 1.2 mmol/L at 3 commercial 

dairy herds  

 Udder Edema < 2 BHB Udder Edema ≥ 2 BHB  

Week LS Mean ± SE
a 

% ≥ 1.2
x 

LS Mean ± SE
b 

% ≥ 1.2
y P-Value

ab 

1 0.11±0.02 9.5 0.14±0.01 11.4 0.18 

2 0.08±0.02 6.3 0.14±0.01 10.7 0.002 

3 0.06±0.02 4.6 0.09±0.01 7.0 0.04 
xy

Significant difference of P = 0.01 at week 2  
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Table 3.4 Association of udder edema measured at the same time as blood sample collection on 

proportion (%) of cows with elevated NEFA concentrations on 3 commercial dairy herds 

Week Cut point n Udder 

Edema < 2
a 

% ≥ cut 

point
x 

Udder 

Edema ≥ 

2
b 

% ≥ cut 

point
y 

P-value
xy 

-1 ≥ 0.4 1053 0.17±0.02 12.1 0.34±0.02 33.0 <0.001 

        

1 ≥ 0.7 1241 0.50±0.03 50.0 0.51±0.02 51.7 0.68 

 ≥ 1.0 1241 0.24±0.02 22.3 0.28±0.02 26.4 0.13 
ab

Significant difference of P = <0.001 at week -1 
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Table 3.5 Frequency of udder edema at any week with clinical disease incidence scored at 3 

commercial dairy herds against cows without udder edema 

Clinical Disease No Edema
1 

(n=401) 

Udder Edema
2 

(n=888) 

P-Value 

Retained Placenta 7.4 4.4 0.03 

Milk Fever 2.0 1.8 0.80 

Metritis 1.7 2.3 0.49 

Displaced Abomasum 1.9 2.0 0.85 

Mastitis 2.2 5.2 0.008 

Early Cull
 

3.7 3.2 0.58 

Purulent Vaginal Discharge
3 

18.9 15.1 0.12 
1
Score 0 or 1 

2
Score 2 or 3  

3
n=338 for No edema and n=753 for udder edema 
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Table 3.6 Frequency of udder edema against milk yield at DHIA test day 1 in 3 commercial 

dairy herds 

 Milk Yield (kg/d ± SE)  

Week Udder Edema < 2 Udder Edema ≥ 2 P-Value 

-1 41.7±0.42 40.8±0.42 0.12 

1 40.5±0.42 41.9±0.39 0.006 

2 40.8±0.35 42.5±0.51 0.002 

3 41.1±0.33 42.3±0.66 0.08 
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Table 3.7 Frequency of udder edema with % protein yield at DHIA test day 1 in 3 commercial 

dairy herds 

 % Protein (± SE)  

Scoring Week  Udder Edema < 2 Udder Edema ≥ 2 P-Value 

-1 3.27±0.02 3.21±0.01 0.002 

1 3.25±0.02 3.22±0.01 0.05 

2 3.25±0.01 3.20±0.02 0.01 

3 3.24±0.01 3.20±0.02 0.05 
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Table 3.8 Frequency of udder edema with protein yield at DHIA test day 1 in 3 commercial 

dairy herds 

 Protein Yield (kg/d ± SE)  

Scoring Week  Udder Edema < 2 Udder Edema ≥ 2 P-Value 

-1 1.35±0.01 1.30±0.01 0.008 

1 1.30±0.01 1.34±0.01 0.02 

2 1.31±0.01 1.35±0.02 0.03 

3 1.32±0.01 1.34±0.02 0.35 
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CHAPTER 4: GENERAL DISCUSSION 
 

Important Findings  

  The objective of this thesis was to measure the effects of a commercially available 

proprietary feed additive that provides B vitamins and choline on the incidence of health 

disorders, milk yield and reproduction in early lactation in commercial dairy herds.  The 

randomized controlled trial indicated that there were no effects of feeding the B vitamin 

supplement to transition cows for 6 wk on the incidence of ketosis or on milk yield, milk protein 

percentage or yield (Chapter 2).   

            Other researchers (Girard and Matte, 1998; Graulet et al., 2007) have found 

improvements in milk yield as well as milk protein yield with B vitamin supplementation.  These 

studies were done in tie-stall research herds where cows were fed individually so there was no 

competition for feed.  Sacadura et al. (2008) fed a similar supplement to that provided in Chapter 

2, in a commercial freestall setting similar to the current study, but did find increases in milk 

protein yield and milk yield.  The requirements for B vitamins in high-producing dairy cows are 

unclear.  When the results of smaller, intensive studies and other field studies are considered 

with the present research, it appears that there are likely herd-level nutritional variables that 

influence the response to supplemental B vitamins.  It is possible that supplementation extending 

to the time of peak nutrient demand for milk production (35-80 DIM) might provide the context 

to more fully evaluate possible responses to additional supply of B vitamins. Furthermore, the 

test product contained a blend of more than half a dozen vitamins, several of which are 

understood to have conditional effects depending on the supply of others (e.g. folate and vitamin 

B12, and each of these relative to the supply of other methyl donors such as choline and dietary 
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methionine).  Determining that the blend of these vitamins supply the necessary amounts to 

control for the conditional effects during the transition period would improve the response of the 

supplementation.   

            Although this study had power to detect expected differences in ketosis, the supplement 

supplied in this study had no measurable effect on the incidence of ketosis or clinical disease 

(Chapter 2).  Again, taken with other published studies, there is not good evidence to continue to 

support the hypothesis that this combination and amounts of B vitamins have positive effects on 

clinically-measureable health outcomes. 

            There was no effect of the B vitamin supplementation on reproductive performance 

(Chapter 2).  This could be due to the fact that the supplementation was only provided from 3 wk 

before calving to 3 wk after calving.  The data suggested a lower prevalence of anovular cows in 

the treatment group (11 versus 23 % in the control group), but accounting for pen-level 

randomization, we did not have the statistical power to establish a difference.  In any case, there 

was clearly no effect of treatment on pregnancy at first AI or on time to pregnancy.  Given the 

lack of responses in health or production outcomes, the basis for a hypothesized benefit for 

reproduction is weakened. 

            In line with other studies (Dentine and McDaniel, 1983; Melendez et al., 2006; Kojouri et 

al., 2015), we found that prepartum udder edema was associated with lower milk and protein 

yield at the first DHI test (Chapter 3).  However, we found no association of udder edema with 

most clinical diseases, which is consistent with Melendez et al. (2006).  Unexpectedly, there was 

a lower incidence of retained placenta in cows with udder edema; a physiologic basis for this is 

unclear. 

            There was no difference of udder edema on pregnancy at first service (0.37, CI 0.32 to 
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0.41) compared to cows without edema (0.31, CI 0.24 to 0.37) (Chapter 3).  The lower incidence 

of RP did not affect the outcome of pregnancy at first service.  Large scale studies of health in 

the transition period and reproductive outcomes should in the future assess udder edema to see if 

the associations observed in this thesis are repeatable. 

Limitations and Future Studies 

There are several questions raised by this work that could be addressed in future studies.  

It is unclear if the dose of the supplement or its constituents was optimized in Chapter 2.  

Running a dose-response on the amount of product fed would give a better idea of whether there 

is a simple issue of supply.   A study to assess rumen degradation of the product, and absorption 

of the nutrients from the gut and supply to the liver, would help to determine whether the 

predicted effects were occurring.    

            The current premise is that rumen microbes synthesize a sufficient supply of B vitamins 

to support at least a moderate level of milk production.  That premise has a weak foundation of 

evidence, and effects of changes in composition or digestibility of forages, or other dietary or 

environmental factors that affect rumen microbial function, may contribute to the response to 

supplemental B vitamins. 

            The way in which a B vitamin supplement is administered may be relevant.  A study by 

Pinotti et al. (2003) found that providing 45 g/d of rumen-protected choline as a top-dress 

showed an increase in milk yield of 2.9 kg/d in the first 30 DIM.  Alternatively, when they 

provided the same dose with the addition of 1000 IU of vitamin E in a compound feed, milk 

yield only increased 1.95 kg/d in the first month of lactation (Pinotti et al., 2004). 

           The delivery of the supplement could also be important.  Researchers (Girard and Matte, 

1998; Graulet et al., 2007) have previously fed supplements in tie-stall research operations.  
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Those researchers were able to feed cows on an individual basis and ensured the cows were 

given the correct amounts of supplement each day.  In Chapter 2 cows were fed in feed bunks on 

commercial farms in freestall operations.  It is unknown if all trial cows received the correct 

amount of supplement on a daily basis.  This trial relied on producers from the trial herds to 

provide the supplement in the diet on a daily basis either by top-dress or mixing in TMR.  The 

number of cows in each pen would be fluctuating, so producers would have to be accurate in 

accounting for more or less cows when providing the supplement.  In an attempt to monitor the 

fluctuations and amount supplemented, producers were asked to record number of cows in dry 

and fresh pens as well as the amount of product fed.  

            In Chapter 3, milk production was improved when udder edema was present at the first 

two weeks post-calving.  Very little is known about the causation of udder edema, so an 

intensive study into the biology of udder edema and the effects on milk production would be 

beneficial.  The effects of prolonged udder edema need to be assessed to determine the extent of 

damage to mammary tissue and the effects on milk production as well as how edema effects 

room for milk to collect in the udder before and after edema has subsided.  Producers would 

benefit from this knowledge to know how to properly reduce the edema and improve udder 

health in the cows.  

SUMMARY AND CONCLUSION 

            In conclusion, the supplementation of the complex B vitamin to transition cows did not 

have an impact on the incidence of ketosis, clinical health disorders, anovulation or reproductive 

performance.  There was no improvement of milk production through the first three DHI test 

days with the B vitamin supplementation.  The presence of udder edema at the week before 

calving as well as the first and second week post-calving, did impact milk yield and milk protein 
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percentage.  Despite conducting one of the largest scale studies to date, no associations of udder 

edema with greater risk of disease were detected.  
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