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1 INTRODUCTION 

The transition from late gestation to lactation with the concomitant increase in energy 

requirements is particularly important, and the most challenging time of the production cycle 

of dairy cows (BELL, 1995). During the second half of the twentieth century the dairy 

industry experienced profound changes and advances in breeding, husbandry, nutrition and 

health management of dairy cows aiming to increase milk yield and economic efficiency of 

milk production. The genetic selection for high milk yield strengthens the energy deficit in 

early lactation as the increased energy requirements of lactation cannot be covered by dietary 

intake. This is due to the rapid increase in energy and nutrient requirements at the onset of 

lactation and a concomitant decrease in dry matter intake which leads to the development of a 

negative energy balance (NEB). To compensate this tensed metabolic situation cows loose 

body weight and mobilize adipose tissue which is associated with an increased release of non-

esterified fatty acids (NEFAs) (WEBER et al. 2013). Although NEFAs are important as 

energy fuels for energy demanding processes, excessive accumulation of those substances can 

result in health disorders such as hepatic lipidosis and subclinical or clinical ketosis (BOBE et 

al. 2004; GONZALEZ et al. 2011; SCHULZ et al. 2014). During this time period, dairy cows 

are often immunosuppressed (KIMURA et al. 1999; GRAUGNARD et al. 2012) and evidence 

increases that there is a link between the metabolic state and the immune function at this time 

(CAI et al. 1994; SATO et al. 1995; LACETERA et al. 2005). Therefore, the interest in 

improving the metabolic situation and limiting the occurrence of health disorders around 

parturition increased in recent years. For that reason, the use of feed additives gained in 

importance. The use of niacin shows potential in improving production performance and in 

balancing the tensed metabolic situation by the inhibition of lipolysis (DRACKLEY et al. 

1998; PIRES u. GRUMMER 2007; PESCARA et al. 2010; KENEZ et al. 2014). In this 

context, it is stated that rumen protected niacin has a higher bioavailability compared to non-

rumen protected niacin due to encapsulation which prevents ruminal degradation 

(SANTSCHI et al. 2005).  

However, it was shown that the prepartum feeding strategy contributes strongly to the 

periparturient energy balance and the success of following lactation. Especially in cows with 

higher, most likely genetic predisposition for fatness, the feeding of energy-dense diets forces 

body fat accretion in late gestation (KOKKONEN et al. 2005; SCHULZ et al. 2014). Those 
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cows response with an enhanced milk production to prepartum feeding which further 

aggravates the tensed metabolic situation and lipid mobilization postpartum (SCHULZ et al. 

2014).  

One part of the present thesis aims to investigate the effects of 24 g nicotinic acid on 

production, metabolic and immunologic variables of dairy cows in late gestation and early 

lactation, which are similar in prepartum body condition score. For this study a feeding model 

is used to generate experimental groups with different degrees of postpartal negative energy 

balance and mobilisation of body tissues to test niacin's effectiveness under these conditions. 

Another part of this research study aims to increase the knowledge about niacin's 

bioavailability and its pharmacokinetic properties by using differing doses and galenic 

formulations.  
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2 BACKGROUND 

The periparturient period (three weeks before to three weeks after parturition) is the most 

vulnerable and challenging period within the production cycle of dairy cows. This time is 

characterized by the transition from late pregnancy to lactation which is associated with 

numerous physiological adaptation processes (BELL 1995; HYDBRING et al. 1999; 

INGVARTSEN u. ANDERSEN 2000; BOBE et al. 2004; ADEWUYI et al. 2005; 

ASCHENBACH et al. 2010). Late gestation is associated with maximum growth-rates of the 

fetus and the mammary tissue (BAUMAN u. CURRIE 1980). Holstein cows experience a 

glucose demand of 1000 to 1100 g/day (d) during the last 3 weeks of gestation which 

increases up to 2500 g/d at 21 days in milk (DIM) (DRACKLEY et al. 2001). As an adaptive 

response the insulin sensitivity in peripheral tissue is reduced to ensure that glucose is 

primarily used for the fetus during late gestation and for milk production in early lactation 

(BELL 1995; HAYIRLI 2006). A reduced dry matter intake (DMI) is a common phenomenon 

in periparturient dairy cows with maximum drop in the final week prepartum (MINOR et al. 

1998; JANOVICK u. DRACKLEY 2010; WEBER et al. 2013b) (Figure 1). 

 

Figure 1. A schematic overview about energy curves and the body condition score of late 

pregnant and early lactating dairy cows (adapted from BELL (1995), DOUGLAS et al. 

(2006) and HAYIRLI (2006)). Body Condition Score, BCS; negative energy balance, NEB; 

positive energy balance, PEB. 
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All in all, the imbalance between energy intake and requirements results in the 

development of  NEB in periparturient period  (JANOVICK u. DRACKLEY 2010; WEBER 

et al. 2013b) (Figure 1). Dairy cows compensate the energy deficit by mobilization of adipose 

tissue to deliver energy fuels for various energy-demanding tissues and processes (BELL 

1995; KATOH 2002; WEBER et al. 2013b). The high rate of lipid mobilization becomes 

apparent by a loss in body condition score (BCS) (DOUGLAS et al. 2006; GARNSWORTHY 

2006) (Figure 1).  

2.1 Energy and liver metabolism and its relation to health in the periparturient period 

The hepatic gluconeogenesis is an important pathway to maintain glucose homeostasis. 

Investigations of DRACKLEY et al. (2001) show that the hepatic glucose output on 11 DIM 

is estimated with 2760 g/d when the milk yield is 36.3 kg/d with an estimated glucose 

requirement of 2729 g/d. On 22 DIM and a milk yield of 41.9 kg/d, the hepatic glucose output 

and the estimated glucose requirement increased up to 3283 g/d and 3121 g/d, respectively 

(DRACKLEY et al. 2001).  

Glucogenic precursors are propionate, alanine and other amino acids as well as lactate, and 

glycerol (Figure 2) (DRACKLEY et al. 2001; REYNOLDS et al. 2003; ASCHENBACH et 

al. 2010). Among the volatile fatty acids produced within the rumen, propionate is the only 

one which can be used for gluconeogenesis. In contrast, amino acids and lactate enter the 

tricarboxylic acid (TCA) cycle through the conversion of pyruvate to oxaloacetate (OAA) (1, 

Figure 2) or acetyl-Coenzyme A (CoA) (2, Figure 2). Before entering the mitochondria, 

propionate is metabolized to propionyl-CoA by the enzyme propionyl-CoA synthetase (3, 

Figure 2). Within the mitochondria, propionyl-CoA is converted to succinyl-CoA by the 

enzymes propionyl-CoA carboxylase and methylmalonyl-CoA mutase (4, Figure 2) which is 

then metabolized through the TCA cycle. The TCA cycle is important for the production of 

energy by the oxidation of acetyl-CoA and for the supply of intermediates for hepatic 

gluconeogenesis. The availability of OAA is fundamental for the oxidative capacity of the 

TCA cycle as it acts as the carbon carrier for this cycle. Oxaloacetate is either provided by the 

carboxylation of pyruvate mediated by the pyruvate carboxylase (1, Figure 2) or from net 

maintenance of propionate carbon within the TCA cycle (3 and 4, Figure 2). To enter 

gluconeogenesis, OAA is decarboxylated and phosphorylated to phosphoenolpyruvate via 

phosphoenolpyruvate carboxykinase (5, Figure 2). However, the TCA cycle capacity is 

predefined by the availability of OAA and determines how many acetyl-CoA carbons can be 

oxidized completely (DRACKLEY et al. 2001; ASCHENBACH et al. 2010; WHITE 2015). 
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Figure 2. An overview about the generation of oxaloacetate, the tricarboxylic acid cycle 

and gluconeogenesis (adapted from DRACKLEY et al. (2001), ASCHENBACH et al. 

(2010) and WHITE (2015)). Acyl-CoA synthetase, ACoA-Syn; methylmalonyl-CoA mutase, 

MCM; cytosolic phosphoenolpyruvate carboxykinase, PEPCK-C; mitochondrial 

phosphoenolpyruvate carboxykinase, PEPCK-M; propionyl-CoA, PROPCoA; propionyl-CoA 

carboxylase, PCoAC; propionyl-CoA synthetase, ProCoA-Syn; pyruvate carboxylase, PC; 

triglyceride, TAG. 

In periparturient dairy cows the balance between cataplerosis and anaplerosis is often 

disturbed due to the fact that both, glucose and energy demands, exceed nutrient availability. 

In this period the depression in feed intake leads to a shortfall in nutrient availability which 

forces protein mobilization from peripheral muscle and the mobilization of adipose tissue to 

deliver amino acids and glycerol as substrates for gluconeogenesis (BELL u. BAUMAN 

1997; KOKKONEN et al. 2005). Lipolysis is associated with an increased release of NEFAs 

which act as energy fuels, are used for milk fat synthesis or enter the liver metabolism (BELL 

1995; KATOH 2002; WEBER et al. 2013b).  

Within the cytosol of hepatocytes, the enzyme acyl CoA-synthetase activates fatty acids by 

esterifiction with CoA and forms Acyl-CoA (WEBER et al. 2013a) (6, Figure 2). Acyl-CoA 

is transported into the mitochondria and enters the ß-oxidation. The ß-oxidation is a process 
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of four reactions aiming to generate acetyl-CoA which enters the TCA cycle to form H2O, 

CO2 and adenosine triphosphate (ATP) and further delivers precursors for gluconeogenesis (7, 

Figure 2) (LI et al. 2012a).  

The increased lipid mobilization and the low propionate availability in periparturient dairy 

cows shift the equilibrium of acetyl-CoA and OAA towards acetyl-CoA which results in a 

decreased oxidative capacity of the TCA cycle and further exacerbates the accumulation of 

acetyl-CoA. Overall, this favors the production of ketone bodies within the liver (8, Figure 2) 

(DRACKLEY et al. 2001; WEBER et al. 2013a). Furthermore, when the hepatic influx of 

NEFA exceeds the oxidative capacity of the liver, NEFA are re-esterified to triacylglycerides 

(TAG) and are either stored within the liver or secreted as lipoproteins (9, Figure 2) 

(RUKKWAMSUK et al. 1998; GEELEN u. WENSING 2006).  

Ketosis and fatty liver develop when physiologic mechanisms fail to adapt successfully to 

NEB. GONZALEZ et al. (2011) state that 67% of early and 7% of mid lactating cows show 

an increased lipid mobilization (NEFA > 400 µmol/L) and that hepatic lipidosis is often 

observed during the first 4 weeks after parturition. In highly affected dairy cows, feed intake 

and the milk production as well as the health status and reproductive performance are 

decreased (BOBE et al. 2004). The elevation of ß-hydroxybutyrate (BHB) concentrations is a 

common phenomenon in early lactating dairy cows as 42% suffer from subclinical ketosis 

with BHB concentrations above 1.2 mmol/l (GONZALEZ et al. 2011). Serum BHB 

concentrations above 1.2 mmol/l predict an increased health risk like the development of 

displaced abomasum (DUFFIELD et al. 2009).  

2.2 The immune system of dairy cows 

2.2.1 Cells of the innate and the adaptive immune system 

In brief, the immune system can be divided into the innate and the adaptive immune 

system. The first line of defense is provided by the innate immune system which plays an 

important role in the recognition and elimination of pathogens. Mediators of innate 

immunologic functions are antigen-presenting cells (APC) like dendritic cells, phagocytic 

macrophages and polymorphonuclear neutrophilic leukocytes (PMNL), cytotoxic natural 

killer cells (NK cells) and γδ T lymphocytes (MOGENSEN 2009). All APCs express pattern 

recognition receptors (PRR) which are divided into several classes like toll-like receptors 

(TLR), retinoid acid-inducible gene I-like receptors and nucleotide-binding oligomerization 

domain-like receptors (MOGENSEN 2009; IWASAKI u. MEDZHITOV 2015).  
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The cells of the adaptive immune system are effectors of cellular immune responses. The 

adaptive immune system consists of T lymphocytes which mature in the thymus, and B 

lymphocytes which derive from the bone marrow and produce antibodies. The adaptive 

immune system is characterized by specificity and memory. After development, naive 

lymphocytes invade secondary lymphoid organs to monitor and capture invading antigens 

presented by APC. T cells are equipped with T-cell receptors (TCR) and they are 

immunologically naive until the TCR binds to a peptide-major histocompatibility complex 

(MHC) (BONILLA u. OETTGEN 2010).  

2.2.2 The link between the innate and the adaptive immune system 

Pattern recognition receptors recognize conserved molecular structures of pathogens which 

are called pathogen-associated molecular patterns (PAMP) (IWASAKI u. MEDZHITOV 

2015). Antigen-presenting cells take up antigens by phagocytosis, receptor-mediated 

endocytosis and fluid-phase phagocytosis. Two ways are available for antigen processing and 

presentation.  

MHC-I processing starts with the degradation of phagocytosed peptides in proteosomes. 

The antigenic peptide fragment is transported to the endoplasmatic reticulum where it is 

bound to the MHC class I complex. This peptide-MHC class I complex is transported to the 

cell plasma membrane in exocytic vesicles. Peptide-MHC class I complexes are expressed on 

nearly all cells and are presented to CD8
+
 T cells which are also called cytotoxic T cells and 

destroy infected target cells (Figure 3).  

By contrast, MHC-II processing is mediated through early and late endosomes in which 

proteolysis takes place. Peptide fragments enter the MHC-II-rich vesicular compartment 

where peptides are bound to the MHC class II peptide binding groove and are transported to 

the cells surface. Peptide-MHC class II complexes are expressed on phagocytes, dendritic 

cells as well as B cells and are presented to CD4
+
 T cells (LIPSCOMB u. MASTEN 2002; 

MOGENSEN 2009) (Figure 3).  

The activation of APCs, for example dendritic cells, leads to a modification of their antigen 

presenting and mobility abilities, their cytokine secretion, their expression of chemokine 

receptors and adhesion molecules. Activated APCs migrate out of the peripheral tissue and 

invade secondary lymphoid organs aiming to activate the adaptive immune system 

(MOGENSEN 2009).  
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Figure 3. The structure of major histocompatibility complex (MHC) I and II either 

connected to CD8
+
 or CD4

+
 T cells (adapted from JANEWAY et al. (2002), LIPSCOMB 

u. MASTEN (2002) and MOGENSEN (2009)). The MHC class I molecule is a heterodimer 

formed by the transmembrane α-domains and the extracellular ß2-microglobulin. The α-chain 

is separated into three domains, α1, α2 and α3. The peptide pocket is formed by the α1- and 

α2-domains. The MHC class II is a heterodimer that consists of 2 polypeptide chains, α and ß, 

both traverse the cell membrane. The binding groove is formed by α1 and ß1 domains. 

The immunological synapse consists of a central supramolecular activation complex 

formed by the TCR and the peptide-MHC complex and CD4
+
 or CD8

+
 molecules (MONKS et 

al. 1998; BONILLA u. OETTGEN 2010). Adhesion molecules such as integrins are also 

involved in the formation of an immunological synapse (BONILLA u. OETTGEN 2010; 

HIVROZ et al. 2012). The recognition of pathogens by PRRs, such as TLRs, triggers the 

recruitment of co-stimulatory molecules, like CD80 and CD86, towards the immunological 

synapse as well as adhesion molecules (AKIRA et al. 2001; BONILLA u. OETTGEN 2010; 

HIVROZ et al. 2012).  

CD4
+
 T cells represent the largest group of T cells. Based on activation and expansion 

CD4
+
 T cells develop into different effector subsets characterized by specific cytokine 

profiles and effector functions. The differentiation into those effector subsets, such as T 

helper (Th)1, Th2 Th17, and regulatory T (Treg) cells, is mediated by the cytokine milieu. 

The interleukin (IL)-12 promotes Th1 differentiation, whereas IL-4 forces Th2 differentiation 

(AKIRA et al. 2001; MOGENSEN 2009; BONILLA u. OETTGEN 2010). The transforming-
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growth factors (TGF)-β plus IL-6 or IL-21 are involved in the development of Th17 and the 

differentiation into Treg is mediated by TGF-ß and IL-2 (KORN et al. 2009; ZHENG 2013) 

(Figure 4). 

 

 

Figure 4. A schematic overview of the activation of a naive CD4
+
 T cell by an antigen-

presenting cell (adapted from MONKS et al. (1998) AKIRA et al. (2001) MOGENSEN 

(2009) BONILLA u. OETTGEN (2010), HIVROZ et al. (2012) and ZHENG (2013). 

Interferon, IFN; interleukin, IL; main histocompatibility complex, MHC; pattern recognition 

receptors, PRR; pathogen-associated molecular patterns, PAMP; T-cell receptor, TCR.  

Th1 secrete mainly interferon (IFN)-γ and IL-2 which mediate mainly cellular immunity 

by the activation of mononuclear phagocytes, NK cells and cytotoxic T lymphocytes (CD8
+ 

cells), which are important for the killing of pathogens. CD8
+ 

cells are involved in the 

elimination of virus-infected target cells or those cells infected with pathogens replicating 

intracellularly by the induction of apoptotic cell death (BONILLA u. OETTGEN 2010). 

Secretion products of Th2 cells are IL-4, IL-5, IL-10 and IL-13 which promote humoral 

immunity by the stimulation of antibody production (AKIRA et al. 2001; MOGENSEN 2009; 

BONILLA u. OETTGEN 2010).  
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2.2.3 The immune system during late gestation and early lactation 

The periparturient period is associated with considerable changes in the composition and 

function of immune cells that contribute to the well-known immunosuppression around 

parturition (KIMURA et al. 1999; GRAUGNARD et al. 2012; STER et al. 2012). The number 

of neutrophil granulocytes in blood stream increases as parturition approaches which is the 

main reason for the elevated number of total leucocytes occurring in blood stream at that time 

(KLINKON u. ZADNIK 1999; KULBERG et al. 2002; SANDER et al. 2011; ORRU et al. 

2012; SCHULZ et al. 2015). At the same time their function is reduced which is indicated by 

an impaired production of reactive oxygen species (ROS) (DOSOGNE et al. 2001; 

MEHRZAD et al. 2001; REVELO et al. 2011), a reduced myeloperoxidase activity (CAI et 

al. 1994; KIMURA et al. 1999; HAMMON et al. 2006), a decrease in chemotactic response 

(NAGAHATA et al. 1988) and an alteration in neutrophil gene expression (MADSEN et al. 

2002). The depressed production of ROS observed in postpartum dairy cows (MEHRZAD et 

al. 2001) is associated with a reduced pathogen killing capacity (DOSOGNE et al. 2001).  

The numbers of lymphocytes in blood stream decrease at parturition (ORRU et al. 2012) 

and the lymphocyte subpopulations are also subjected to alterations at this time (SHAFER-

WEAVER et al. 1996; VAN KAMPEN u. MALLARD 1997; MEGLIA et al. 2005). The 

percentage of T lymphocytes in the blood stream are reduced from 45% in mid lactation to 

20% in the periparturient period which is associated with a concomitant decrease in the 

proportion of CD4
+
 T cells and an increase in the proportion of CD8

+
 cells (SINGH et al. 

2008). Further, peripheral blood mononuclear cells (PBMC) show a reduced proliferation 

capacity around parturition and early lactation (LESSARD et al. 2004; RENNER et al. 2012) 

as well as a reduced production and secretion of IFN-γ (STER et al. 2012). 

2.3 Dietary interventions during the periparturient period 

2.3.1 Effects of prepartum dietary concentrate level on production, metabolic and 

immunologic variables of dairy cows 

Increasing the energy content in prepartum diets or the allowance of ad libitum 

consumption lead to a more positive energy status prepartum (MINOR et al. 1998; DANN et 

al. 2005; RABELO et al. 2005; GRAUGNARD et al. 2012; SCHULZ et al. 2014) and a 

higher body fat accretion displayed by a higher BCS at parturition (ÄGENAS et al. 2003; 

RABELO et al. 2003; JANOVICK u. DRACKLEY 2010; GRAUGNARD et al. 2012). 

The BCS is an important management tool to assess the body fatness and draw conclusions 

on the nutritional status of the cow. It has been shown that there is a positive relationship 
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between BCS at calving and lipid mobilization and a negative relationship to DMI during 

early lactation (INGVARTSEN u. ANDERSEN 2000; ÄGENAS et al. 2003). Nearly all cows 

experience a loss in BCS and body weight (BW) postpartum, but this is more severe in cows 

with higher BCS and energy supply prepartum (RUKKWAMSUK et al. 1998; ÄGENAS et 

al. 2003; CAVESTANY et al. 2005; JANOVICK u. DRACKLEY 2010; SCHULZ et al. 

2014). Prepartum diets, high in energy-density, improve milk production during early 

lactation indicated by a higher milk yield, fat-corrected milk (FCM), milk fat and protein 

percentage and milk fat and protein yield (MINOR et al. 1998; SCHULZ et al. 2014) which 

further strengthen NEB and the stressed metabolic state postpartum. Furthermore, over-

conditioned cows and those received energy-dense diets prepartum often need more time to 

reach positive energy balance and have a higher energy deficit during early lactation 

(ÄGENAS et al. 2003; GUO et al. 2007; JANOVICK u. DRACKLEY 2010). It has been 

reported that cows high in BCS at parturition loose more BCS and BW which triggers the 

release of NEFA (RUKKWAMSUK et al. 1998; BERNABUCCI et al. 2005) and the 

production of BHB (BERNABUCCI et al. 2005) when the hepatic utilization capacity of 

NEFA is exceeded (DRACKLEY et al. 2001; KATOH 2002; HONG et al. 2004; ADEWUYI 

et al. 2005; WEBER et al. 2013b).  

Several studies observed only a limited effect of prepartum feeding strategy on immune 

cell composition and their function (MEGLIA et al. 2005; SCHULZ et al. 2015). The 

observed effects are rather indirect by the elevation of NEFA and BHB concentrations 

(LOOR et al. 2006; SCHULZ et al. 2014). This elevation is associated with a decreased 

chemotactic function of leukocytes (SURIYASATHAPORN et al. 1999), an inhibition of the 

respiratory burst activity of PMNL (HOEBEN et al. 1997), a depressed PBMC proliferation 

(LACETERA et al. 2002; STER et al. 2012), a decreased lymphocyte blastogenesis (SATO et 

al. 1995), a depressed immunoglobulin (Ig) M secretion (SATO et al. 1995), a decreased IFN-

ɣ production of PBMC (STER et al. 2012), an impaired oxidative burst capacity (STER et al. 

2012), lower levels of antioxidants (BERNABUCCI et al. 2005) and higher ROS 

concentrations (BERNABUCCI et al. 2005).  

2.3.2 Niacin as a feed supplement for dairy cows  

2.3.2.1 Chemistry of niacin 

Niacin belongs to the vitamin B-group (vitamin B3) and this term is collectively used for 

the two vitamers nicotinamide (C6H6ON2; NAM) and nicotinic acid (C6H5O2N; NA) (Figure 

5). Both vitamers are colorless crystalline substances and are well soluble in water. The 
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water-solubility is explained by their –COOH group and nitrogen atom which can build up 

hydrogen bonds with water molecules. It was shown that NAM is hydrolyzed to provide NA 

in a solution (AGUILERA-MENDEZ et al. 2012).  

 
Figure 5. Chemical structures of (A) nicotinic acid and (B) nicotinamide. 

2.3.2.2 Niacin as precursor for nicotinamide adenine dinucleotide and its metabolism 

It has been shown that niacin acts as a precursor for the coenzymes nicotinamide adenine 

dinucleotide (NAD(H)) and nicotinamide adenine dinucleotide phosphate (NADP(H)) which 

operate as mediators for numerous biological processes and are important, inter alia, for the 

regulation of mitochondrial functions, the energy metabolism, oxidative stress, aging and cell 

death (YING 2008). Furthermore, NAD
+ 

acts as precursor or donor for adenosine diphosphate 

(ADP)-ribose (HASSA et al. 2006). There are four distinct precursors for NAD
+
 in eukaryotic 

cells: L-tryptophan, NA, NAM and nicotinamide riboside.  

L-tryptophan is metabolized in the de-novo pathway to quinolinic acid (1, Figure 6) which 

is metabolized to nicotinic acid mononucleotide by the quinolinic acid 

phosphoribosyltransferase (3, Figure 6). This step is followed by the transformation to 

nicotinic acid adenine dinucleotide mediated by the nicotinamide mononucleotide adenylyl 

transferase (4, Figure 6). Nicotinic acid adenine dinucleotide is metabolized to NAD
+ 

by the
 

NAD
+
-synthetase (5, Figure 6).  

Nicotinic acid, NAM and nicotinamide riboside are used in the salvage pathway (2, Figure 

6). Nicotinic acid is mostly of nutritional origin and it is transformed to nicotinic acid 

mononucleotide by the nicotinic acid phosphoribosyl transferase (6, Figure 6). Nicotinamide 

is generated by the hydrolysis of NAD
+
 and is converted to nicotinamide mononucleotide by 

the action of the nicotinamide phosphoribosyl transferase (7, Figure 6). Nicotinamide 

mononucleotide is metabolized to NAD
+
 by the nicotinamide mononucleotide adenylyl 

transferase (8, Figure 6).  
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Figure 6. The NAD
+
 metabolism in eukaryotic cells (adapted from HASSA et al. (2006)). 

ADP-ribose pyrophosphatase, ARPP; ADP-ribosyl cyclase, ADPR cyclase; mono-ADP-

ribosyltransferase, MART; NAD
+
-synthetase, NADS; nicotinamide mononucleotide adenylyl 

transferases, Na/NMNAT-1,2,3; nicotinamide phosphoribosyl transferase, NamPRT; 

nicotinamide riboside kinases, NRK-1, 2; nicotinic acid phosphoribosyl transferase, NaPRT; 

poly (ADP-ribose)-polymerase, PARP; quinolinic acid phosphoribosyltransferase, QPRT; 

ribose phosphate pyrophosphokinase, RPPK; sirtuins, SIRT. 

Nicotinamide riboside is linked to the NAM salvage pathway as the enzyme nicotinamide 

riboside kinases 1 and 2 form nicotinamide mononucleotide (9, Figure 6). Poly (ADP-

ribose)-polymerases, mono-ADP-ribosyltransferases, sirtuins, and ADP-ribosyl cyclases use 

NAD
+
 for their enzymatic reactions which result in the formation of ADP-ribose (10, Figure 

6). This molecule is metabolized into ribose-5-phosphate by the ADP-ribose pyrophosphatase 

(11, Figure 6) which is accompanied by the transformation to 5-phosphribosyl-1-

pyrophosphate mediated by the ribose phosphate pyrophosphokinase (12, Figure 6). This 

molecule is either used by the enzymes nicotinic acid phosphoribosyl transferase or 

nicotinamide phosphoribosyl transferases. 
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2.3.2.3 Biosynthesis of niacin within the rumen 

The requirement of niacin for a lactating cow with a BW of 650 kg and a milk production 

of 3.5 kg per d was estimated at 289 mg per d by the NRC (2001) and it was shown that there 

are several ways to cover this requirement.  

Forages and feedstuffs used in ruminant nutrition are potential sources of niacin and 

silages contain 1.1 to 34.0 mg niacin/ kg
-1

 dry matter. However, amounts of niacin in forages 

are highly variable which is due to factors affecting plants environment, harvest and further 

processing (BALLET et al. 2000). Beside the exogenous supply, ruminants are able to 

synthesize niacin within the rumen and the estimated and apparent ruminal synthesis ranges 

between 1804 and 2213 mg per d (NRC 2001; SANTSCHI et al. 2005). The ruminal synthesis 

exceeds the niacin requirements manifold indicating that ruminal synthesis as well as the 

supply of niacin with the feedstuffs is sufficient to cover the requirements. However, one has 

to keep in mind that the requirements stated by the NRC (2001) are derived from data of 

lactating sows.  

It was shown that tryptophan is used for the biosynthesis of niacin, because its five-step 

degradation delivers quinolinate which is the precursor to the pyridine ring of NAD (Figure 2) 

(COLABROY u. BEGLEY 2005). Tryptophan is called to be an essential amino acid and the 

NRC (2001) declared that the percentage of tryptophan in maize and grass silages is 1.4 and 

3.3% of the respective total essential amino acid amount. Beside the oral intake of tryptophan 

with feedstuffs, it was shown that tryptophan is synthesized in vitro from p-

hydroxyphenylacetic acid by rumen bacteria and protozoa (KHAN et al. 2003). Rumen 

microorganisms synthesize aromatic amino acids such as tryptophan, tyrosine and 

phenylalanine using the shikimic acid phosphate pathway (DEWICK 2009). Several 

researchers observe that endogenous niacin synthesis is reduced in times of exogenous niacin 

supply suggesting that there is an optimal niacin concentration within the rumen (HANNAH 

u. STERN 1985; NIEHOFF et al. 2013).  

2.3.2.4 Effects of niacin on the ruminal ecosystem 

Dietary niacin supplementation does independent of the used dosage not affect ruminal pH 

in vivo and in vitro (DOREAU u. OTTOU 1996; MADISON-ANDERSON et al. 1997; 

ASCHEMANN et al. 2012b; NIEHOFF et al. 2013). The supplementation with NA increases 

protozoal numbers in ruminal fluid and therefore indirectly causes shifts in fermentation 

patterns (DOREAU u. OTTOU 1996; ASCHEMANN et al. 2012b). The presence of protozoa 

has been shown to influence many ruminal processes like the numbers and types of present 



 BACKGROUND  

     

 

15 

 

bacteria, fiber degradation, degradation of plant cell wall polymers, the concentration and 

proportion of volatile fatty acids (VFAs), and the ammonia levels (NAGARAJA et al. 1992; 

PATRA u. SAXENA 2009).  

Although no effects of niacin (6-12 g) on total VFA concentrations could be detected 

(CHRISTENSEN et al. 1996; DOREAU u. OTTOU 1996; MADISON-ANDERSON et al. 

1997; ASCHEMANN et al. 2012b), trends or significant influences on individual VFAs either 

in in vivo or in vitro experiments are observable (HANNAH u. STERN 1985; DOREAU u. 

OTTOU 1996; ASCHEMANN et al. 2012b; NIEHOFF et al. 2013). A niacin supplementation 

of 6 g daily does neither affect the daily flow of organic matter nor the amount of fermented 

organic matter as proportion of organic matter intake in vivo (ASCHEMANN et al. 2012b).  

2.3.2.5 Effects of niacin on bovine energy metabolism  

Lipogenesis and lipolysis are important pathways in adipocytes. Lipogenesis occurs in 

times of energy surplus which is associated with the formation and storage of TAG within the 

adipocytes forming an energy reservoir. On the contrary, adipocytes of dairy cows 

experiencing a severe energy deficit go through a pronounced lipolysis which is associated 

with the release of fatty acids and glycerol. Those substrates are used for gluconeogenesis or 

as energy fuels for energy-demanding tissues (BELL u. BAUMAN 1997; KATOH 2002; 

ASCHENBACH et al. 2010).  It has been shown that the G-protein coupled receptor 109A 

(GPR109A), the niacin receptor, is expressed in different tissues such as tail head fat, back 

fat, perirenal fat, longissimus muscle, liver and brain tissue of cattle (TITGEMEYER et al. 

2011). This receptor binds G-proteins to Gi-types. The binding of NA to its receptor (1, 

Figure 7) leads to an inactivation of the hormone-sensitive lipase (HSL) (TUNARU et al. 

2003; KENEZ et al. 2014). This is mediated through the inhibition of the adenylate cyclase 

(2, Figure 7) which synthesizes cyclic adenosine monophosphate (cAMP) from adenosine 

triphosphate (ATP) (3, Figure 7). Low levels of intracellular cAMP inhibit the activation of 

the protein kinase A (PKA) (4, Figure 7). The PKA is responsible for the activation of the 

HSL, a rate-limiting enzyme in lipolysis through its phosphorylation. An inactivated PKA is 

not able to phosphorylate and, therefore, activates the HSL (5, Figure 7). The inactivity of the 

HSL inhibits the hydrolysis of di- and triacylglycerides resulting in a decreased release of 

fatty acids into blood stream (6, Figure 7) (CARMEN u. VICTOR 2006; BODOR u. 

OFFERMANNS 2008).  
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Figure 7. A schematic overview of the anti-lipolytic activity of niacin in adipocytes 

(adapted from CARMEN u. VICTOR (2006) and BODOR u. OFFERMANNS (2008)). 

Adenosine triphosphate, ATP; cyclic adenosine monophosphate, cAMP; protein kinase A, 

PKA; hormone sensitive lipase, HSL. 

Several in vitro studies confirm that NA is able to lower circulating NEFA concentrations 

by the inhibition of lipolysis (ZHANG et al. 2005; KENEZ et al. 2014). In in vivo studies in 

feed-restricted cattle (infusion of 3 mg of NA/hour per kilogram of BW) (PESCARA et al. 

2010) and rats (30 µmol/h of an 60 mM NA infusate) (OH et al. 2011) the infusion of NA 

leads to a decrease in circulating NEFA concentrations. However, PESCARA et al. (2010) 

observe a rebound effect of NEFA concentrations after the termination of NA infusion, 

whereas OH et al. (2011) state that plasma free fatty acids rebounded when infusion is 

extended to 24 h. Several other in vivo experiments detect no effect of dietary niacin 

treatment on NEFA as well as BHB concentrations when using practical doses (6-12 g) and 

oral administration (JASTER et al. 1983; DRIVER et al. 1990; DI COSTANZO et al. 1997; 

MINOR et al. 1998; NIEHOFF et al. 2009).  

An important metabolite representing the energy metabolism is glucose, but effects of 

niacin are also highly variable. NIEHOFF et al. (2009) show that the supplementation of 6 g 

niacin to mid-lactating dairy cows increase glucose concentrations which is also observed by 
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DI COSTANZO et al. (1997) when adding 36 g niacin to early lactating dairy cows. On the 

contrary, several other authors observe no effect of niacin (6-24 g) on glucose concentrations 

either in periparturient or late lactating cows (JASTER et al. 1983; DRIVER et al. 1990; 

BELIBASAKIS u. TSIRGOGIANNI 1996; MADISON-ANDERSON et al. 1997; MINOR et 

al. 1998; YUAN et al. 2012).  

2.3.2.6 Influences of niacin on production performance 

Reported responses of milk production to supplemented niacin have been variable 

(HORNER et al. 1986; DI COSTANZO et al. 1997; MINOR et al. 1998; ASCHEMANN et 

al. 2012a). DRACKLEY et al. (1998) observe an increase in milk yield when supplementing 

12 g/d niacin to dairy cows from four to 43 weeks, whereas other authors observe no 

stimulatory or inhibitory effect (DRIVER et al. 1990; OTTOU et al. 1995; BELIBASAKIS u. 

TSIRGOGIANNI 1996; DI COSTANZO et al. 1997; MINOR et al. 1998; NIEHOFF et al. 

2009; ASCHEMANN et al. 2012a).  

The milk fat percentage and yield are not affected when using 6 to 12 g niacin per d and 

cow (OTTOU et al. 1995; MADISON-ANDERSON et al. 1997; NIEHOFF et al. 2009; 

MOREY et al. 2011; ASCHEMANN et al. 2012a). In contrast, BELIBASAKIS u. 

TSIRGOGIANNI (1996), who use 10 g of niacin per d observe an increase in milk fat 

proportion and yield. DRACKLEY et al. (1998) detect an increase in FCM (12 g niacin) 

which contradicts the observations of BELIBASAKIS u. TSIRGOGIANNI (1996), NIEHOFF 

et al. (2009), ASCHEMANN et al. (2012a) and YUAN et al. (2012) who detected no effect of 

6 to 12 g niacin per d.  

BELIBASAKIS u. TSIRGOGIANNI (1996), MOREY et al. (2011) and ASCHEMANN et 

al. (2012a) state that milk protein yield and percentage remain unaffected by the treatment 

with 6-10 g niacin in early lactating dairy cows. This disagrees with observations of 

DRACKLEY et al. (1998) who determined that the supplementation with 12 g niacin 

increases the milk protein yield, but lowers the milk protein percentage.   

2.3.2.7 Effects of niacin on the immune system 

The pharmacotherapeutical use of NA is often associated with a strong flushing response 

mediated by the GPR109A receptor and the production and release of vasodilatatory 

prostanoids such as prostaglandin and prostaglandin E2. This phenomenon includes cutaneous 

vasodilatation accompanied by an increased blood flow in mice mediated by immune cells of 

the skin (BENYO et al. 2005; CHENG et al. 2006).  
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A supplementation with NA results in a higher intracellular NAD
+
 pool in PBMC 

(WEIDELE et al. 2010) and lymphocytes (WEITBERG 1989). The concentration of NAD
+
 in 

healthy and proliferating cells is between 400 and 500 µM with a half-life of 1 to 2 hours. The 

exposition of those cells to genotoxic stress leads to an activation of poly-ADP-ribosylation 

reactions and a dramatic decrease in NAD
+ 

content (HASSA et al. 2006). It has been shown 

that cells supplemented with NA display higher cell viability after DNA damage. This is 

addressed to a higher activity of poly (ADP)-ribose polymerases (PARP) (HASSA et al. 2006; 

WEIDELE et al. 2010). The PARP superfamily is important for a bright variety of molecular 

and cellular processes such as the detection and repair of DNA damage, the modification of 

chromatin, the transcription and cell death pathways. An important member of the PARP 

superfamily is PARP-1. One main function of PARP-1 is the monitoring of DNA damage 

which, in turn, activates PARP-1 enzymatic activity. The extent of enzymatic activity is 

related to the extent of DNA damage; low DNA damage promotes DNA repair, whereas 

extensive DNA damage results in cell death. For the generation of ADP-ribose units PARPs 

require NAD
+ 

molecules (LUO u. KRAUS 2012).  

It has been shown that a 14-day supplementation with niacin to rabbits lead to an improved 

vascular redox state by preventing ROS-injury and cytokine-induced inflammation when 

inserting a nonocclusive periarterial carotid collar (WU et al. 2010). A modification of 

inflammatory cytokines was also observed by UNGERSTEDT et al. (2003) who showed that 

the incubation of human whole blood with endotoxin is associated with a drastic increase in 

inflammatory cytokines such as IL-1ß, tumor necrosis factor (TNF)-α, IL-6 and IL-8. Under 

inflammatory conditions, the incubation with 4-100 mmol/l NAM results in a dose-dependent 

down-regulation of the proinflammatory cytokine response. The GPR109A receptor is 

expressed on the cell surface of mature neutrophil granulocytes (KOSTYLINA et al. 2008), 

dendritic cells and peritoneal macrophages (BENYO et al. 2005). DIGBY et al. (2012) 

demonstrated that the GPR109A receptor is also present in human monocytes and it has been 

shown that NA mediates anti-inflammatory effects in monocytes by a reduced release of 

inflammatory mediators such as TNF-α (by 49.2 ± 4.5%), IL-6 (by 56.2 ± 2.8%) and MCP-1 

(by 43.2 ± 3.1%) mediated by TLR2 and TLR4 and a down-regulation of the signaling in the 

NF-κB pathway (DIGBY et al. 2012). 
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2.4 Differences between primiparous and multiparous cows during late gestation and 

early lactation 

Primiparous cows have not reached maturity at first calving, shortly afterwards the BW is 

only 89% (601 kg) of that of mature Holstein breed cows (682 kg) (PIETERSMA et al. 2006). 

Therefore, primiparous cows need additional nutrients and energy for their own growing 

which makes their metabolism different from that of multiparous cows. Primiparous cows are 

often of lower social status and have difficulties with the integration into a new milking herd 

which is displayed by a higher activity at less favored times and a displacement to less 

favored places for lying (GONZALEZ et al. 2003). Furthermore, the feeding behavior differs 

in parities as primiparous cows show a higher meal frequency, a lower daily mealtime, a 

smaller meal size and a lower daily DMI compared to multiparous cows (VANDEHAAR et 

al. 1999; AZIZI et al. 2009; JANOVICK u. DRACKLEY 2010; MOREY et al. 2011).  

It was shown that primiparous cows have a higher BCS prepartum and at calving 

(WATHES et al. 2007; JANOVICK u. DRACKLEY 2010). The decline in DMI towards 

parturition is more pronounced in multiparous cows (VANDEHAAR et al. 1999; HAYIRLI et 

al. 2002; RABELO et al. 2003; JANOVICK u. DRACKLEY 2010) and they are faced with a 

more dramatic drop in energy balance during the first 2 weeks of lactation (VANDEHAAR et 

al. 1999). To cover the high energy demands for milk production, lipid mobilization occurs 

and multiparous cows display a greater loss in BW and BCS during early lactation compared 

to primiparous cows (VANDEHAAR et al. 1999; LEE u. KIM 2006). As a consequence of 

higher lipid mobilization, multiparous cows have higher NEFA and BHB concentrations 

postpartum (WATHES et al. 2007; SANDER et al. 2011).  

Primiparous and multiparous cows have different immunological and hematological pre-

requisites and functional capacities of immune cells (SANDER et al. 2011; JONSSON et al. 

2013). Younger cows have higher numbers of total leukocytes, lymphocytes and neutrophil 

granulocytes two weeks prepartum and at calving and the counts of PMNL are also higher 

(SANDER et al. 2011; JONSSON et al. 2013). Ex vivo investigations concerning the function 

of PMNL around parturition show variable results (MOYA et al. 2008; MEHRZAD et al. 

2009; SANDER et al. 2011). T cell subpopulations like CD2
+
, CD4

+
 and the CD4

+
 to CD8

+
 

ratio are higher in mid lactating multiparous cows, whereas the CD8
+
 subpopulation is higher 

in mid lactating primiparous cows. Primiparous cows have a higher mitogen-induced 

proliferation capacity of T lymphocytes (MEHRZAD u. ZHAO 2008) and their PBMC, when 

activated with concanavalin A (Con A) or lipopolysaccharide, produce less IFN-γ and more 
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prostaglandin E2, TNF-α and nitric oxide around parturition (LESSARD et al. 2004). The 

susceptibility for periparturient health disorders increase with advanced parity (LEE u. KIM 

2006). 
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3 SCOPE OF THESIS 

Based on the current literature a large number of studies exists, examining the effects of 

niacin on performance parameters and its consequences on energy metabolism of 

periparturient dairy cows. However, there are large variations in respect to the applied dosis 

of niacin (6 to 24 g per cow and day), the length of supplementation as well as the lactational 

state between studies. From the literature work it was evident that niacin is able to inhibit 

lipolysis and improve the metabolic state of dairy cows and affect lactational performance 

positively. However, it can be concluded from the literature that there is a lack of information 

about the influence of niacin on the bovine immune system, the kinetics of oral supplemented 

niacin and the influence of the galenic form of the niacin supplement on its bioavailability.  

Based on these gaps in knowledge the undertaken research is, on the one hand, an attempt 

to investigate the effects of niacin on bovine performance,energy metabolism and immune 

system of dairy cows which are in a tensed metabolic state naturally occurring around 

parturition and further strengthened by a forced pre- and postpartum feeding regimen. On the 

other hand, the present study aimed to increase the knowledge about the bioavailability of 

niacin and the effect of its galenic form on this parameter.  

 

Therefore, the following hypotheses were deduced: 

1. The pre- and postpartum energy supply affect postpartum mobilization of body reserves 

and lactational performance.  

2. A daily supplementation with nicotinic acid influences dairy cows performance, energy 

metabolism and immune function positively. 

3. The blood niacin levels are influenced by a daily oral niacin supplementation and by 

dietary energy density. 

4. The body condition score is an important management tool for assessing the risk of 

postpartum adaptation failure. 

5. The use of non-rumen protected niacin results in an inadequate bioavailability due to 

massive ruminal degradation. 

 

For testing the effects of niacin on production performance, energy metabolism and immune 

system an experiment with 36 multiparous and 20 primiparous German Holstein cows which 

were similar in body condition score was conducted. Those cows were fed with energy-dense 
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(60% concentrate/40% roughage mixture; HC group) or adequate (30% concentrate/70% 

roughage mixture; LC group) diets 6 weeks prepartum. After parturition, concentrate 

proportion was dropped to 30% for all HC and LC groups and was increased to 50% within 

16 days for LC and within 24 days for HC cows. In addition, half of the cows per group 

received 24 g nicotinic acid per cow and day.   

In order to investigate the pharmacokinetics of non-rumen protected and rumen protected 

niacin and the systemic bioavailability of niacin, a feeding experiment and a pharmacokinetic 

approach were performed. The feeding experiment was conducted with 35 late gestating dairy 

cows to investigate the effects of 0, 6, 12 or 24 g nicotinic acid per cow and day either in 

differing galenic forms on serum niacin concentrations and production performance. The 

pharmacokinetic approach aimed to examine the serum niacin kinetics over 24 hours after 

giving a single oral bolus of 24 g non-rumen protected or rumen protected nicotinic acid 

either included in pelleted or ground concentrate. 

The results of the experiments are presented in three papers. Niacin effects on 

performance, milk yield, milk composition, estimated energy balance and serum levels of 

NEFA and BHB as parameters meaningful for energy and lipid metabolism were evaluated in 

Paper I. Furthermore, blood samples for assessing other biochemical parameters and for the 

isolation of PBMC were taken over the entire experimental period to investigate the effects of 

nicotinic acid on bovine metabolism and immune function during late gestation and early 

lactation. Furthermore, blood samples for the investigation of blood niacin level were taken 

on selected time points (Paper II). The effective systemic bioavailability of niacin with 

particular focus on its galenic form and feed processing were evaluated in Paper III. The 

results of these investigations are presented in the following three publications and are 

discussed comprehensively in the "general discussion". 
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Abstract 

It is well observed that feeding energy-dense diets in dairy cows during the dry period can 

cause metabolic imbalances after parturition. Especially dairy cows with high body condition 

score (BCS) and fed an energy-dense diet were prone to develop production diseases due to 

metabolic disturbances postpartum. An experiment was conducted to determine the effects of 

an energy-dense diet and nicotinic acid (NA) on production and metabolic variables of 

primiparous and multiparous cows in late pregnancy and early lactation which were not pre-

selected for high BCS. Thirty-six multiparous and 20 primiparous German Holstein cows 

with equal body conditions were fed with energy-dense (60% concentrate/40% roughage 

mixture; HC group) or adequate (30% concentrate/70% roughage mixture; LC group) diets 

prepartum. After parturition, concentrate proportion was dropped to 30% for all HC and LC 

groups and was increased to 50% within 16 days for LC and within 24 days for HC cows. In 

addition, half of the cows per group received 24 g NA supplement per day and cow aimed 

to attenuate the lipid mobilisation postpartum. Feeding energy-dense diets to late- pregnant  

dairy  cows  elevated  the  dry  matter  (p  <  0.001)  and  energy  intake (p < 0.001) as 

well as the energy balance (p < 0.001) without affecting the BCS (p = 0.265) during this 

period. However, this did not result in any metabolic deviation postpartum as the effects of 

prepartum concentrate feeding were not carried over into postpartum period. Multiparous 

cows responded more profoundly to energy-dense feeding prepartum compared with 

primiparous cows, and parity-related differences in the transition from late pregnancy to 

lactation were obvious pre- and postpartum. The supplementation with 24 g NA did not 

reveal any effect on energy metabolism. This study clearly showed that energy-dense feeding 

prepartum did not result in metabolic imbalances postpartum in multiparous and 

primiparous cows not selected for high BCS. A genetic predisposition for an anabolic 

metabolic status as indicated by high BCS may be crucial for developing production diseases 

at the onset of lactation. 

 

Keywords: body condition; dairy cows; energy balance; nicotinic acid; parity; transit time 

 

1. Introduction 

The transition from late gestation to lactation with the concomitant increase in energy 

requirements is particularly important and the most challenging time of the production 

cycle of dairy cows (Bell 1995). Dairy cows are not able to cover the increased energy 
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demands, and thus enter a state of negative energy balance (NEB) (Janovick and Drackley 

2010). This is associated with an increased lipid mobilisation of adipose tissue leading to high 

plasma non-esterified fatty acid (NEFA) concentrations and, in consequence, the hepatic 

accumulation of triglycerides (Weber et al. 2013). 

Dietary nicotinic acid  (NA)  supplementation was  suggested to  balance catabolic 

metabolism in periparturient dairy cows by attenuating lipolysis (Morey et al. 2011; Yuan  

et  al.  2012). Mechanistically,  NA  was  able  to  stimulate  the  NA  receptor, GPR109A 

(Carlson 2005; Kenéz et al. 2014) and downregulate lipolysis in bovine adipose tissues 

(Kenéz et al. 2014). Most of the studies were performed using mid- or late-lactating dairy 

cows that entered or were about to enter positive energy balance (Martinez et al. 1991; 

Belibasakis and Tsirgogianni 1996; Niehoff et al. 2009). Until now, only few researchers 

investigated the effects of NA supplementation on energy metabolism within the transition 

period and early lactation (Minor et al. 1998; Morey et al. 2011; Yuan et al. 2012), and 

only one research group focused on the effects of NA supplementation on energy metabolism 

of transition dairy cows differing in parity (Morey et al. 2011). The observed effects of NA 

supplementation on production are highly controversial and the ability of NA to improve 

the metabolic state of the dairy cow is still questionable. 

The energy status is also influenced by prepartum feeding. Energy-dense diets cause 

higher fat accretion in late pregnancy followed by less dry matter intake (DMI) and 

enhanced energy mobilisation postpartum. This was specifically observed in cows with 

higher, most likely genetic predisposition for fatness (Treacher et al. 1986; Kokkonen et al. 

2005). Cows selected for high body condition score (BCS) and fed an energy-dense diet 

prepartum produced more milk (Schulz et al. 2014). The increased milk performance was 

associated with more pronounced NEB and lipid mobilisation compared with cows selected 

for low BCS and fed a less energy-dense diet prepartum. Thus, postpartum metabolism of 

high BCS cows appeared to be strongly influenced by feeding energy- dense diets 

prepartum. It is unclear if this selection for BCS was the main driving factor for this 

imbalance in postpartum adaptation. 

Thus, it was the aim of the present study to determine the effects of dietary energy 

density on production and metabolic variables of primiparous or multiparous cows in late 

pregnancy and early lactation, but without any pre-selection for high and low BCS. In 

addition, NA as anti-lipolytic agent was tested to determine its capability to balance 

enhanced lipid mobilisation under these feeding conditions. 
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2. Materials and Methods 

2.1. Animals, experimental design and feeding 

In accordance with the German Animal Welfare Act, pertaining to the protection of 

experimental animals and approved by the Lower Saxony State Office for Consumer 

Protection and Food Safety (LAVES), Oldenburg, Germany, the trial was carried out at the 

experimental station of the Institute of Animal Nutrition, Friedrich-Loeffler-Institute (FLI), 

Brunswick, Germany. Fifty-six pregnant and clinically healthy German Holstein cows (36 

multiparous and 20 primiparous cows) were assigned to one of four dietary groups (n = 

14). In the case of multiparous animals, the mean number of lactations (2.4 ± 0.1), the 

mean body weight (BW) (698 ± 19 kg), the BCS (3.1 ± 0.1) and the milk yield of previous 

lactation (6295 ± 234 kg, 200 day milk yield) were taken into consideration, while 

primiparous cows were assigned by BW (589 ± 14 kg) and BCS (3.3 ± 0.1). This 

assignment of animals was chosen to get experimental groups homogenous in BCS and 

BW. Primiparous and multiparous cows were kept together in a free stall barn equipped with 

slatted floors and cubicles covered with rubber mats. The free stall barn was divided into two 

group pens in compliance with the dietary treatments of the prepartum period. The 

experiment started on day 42 prepartum and was finished on 100 days in milk (DIM). 

Following feeding strategies were used either varying in concentrate proportion of the 

prepartum diets or in time-dependent differences of postpartum adjustment of the 

concentrate proportion up to 50%. The feeding strategies were in accordance to the 

experimental feeding design described by Schulz et al. (2014) with exception of using 

30% concentrate instead of 20% concentrate prepartum. 

Treatments of the experiment were (1) low concentrate diet (LC) without NA 

supplementation (LC-CON); (2) LC diet with NA supplementation (LC-NA); (3) high 

concen- trate diet (HC) without NA supplementation (HC-CON); and (4) HC diet with NA 

supplementation (HC-NA). 

Figure 1 gives an overview about the feeding strategy used in this experiment. The late-

pregnant dairy cows received either a LC diet consisting of 30% concentrate and 70% 

roughage mixture (6.97 MJ net energy for lactation (NEL) per kg dry matter (DM)) or a HC 

diet including 60% concentrate and 40% roughage mixture (7.63 MJ NEL/kg DM). 
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Figure 1. Experimental schedule: changes of dietary concentrate proportions and period of 

nicotinic acid supplementation (±nicotinic acid). 

Roughage was composed of 50% corn silage and 50% grass silage on DM basis and was 

fed ad libitum via self-feeding stations (type RIC, Insentec B.V., Marknesse, The 

Netherlands) (Table 1). After parturition, a diet with a concentrate proportion of 30% was 

fed to the cows of all groups (Figure 1). The concentrate allowance was raised in the days 

after reaching a concentrate proportion of 50% within 16 days in the LC groups, and within 24 

days in the HC groups. As the feed of the feeding troughs was provided for ad libitum intake, 

the available amount of concentrate and roughage mixture was adjusted for each cow twice 

weekly with regard to the current DMI of both components aiming to ensure the intended 

dietary forage to concentrate ratios of all dietary treatment groups. 

The cows received either 0 g (Groups LC-CON and HC-CON) or 24 g NA per day 

(Groups LC-NA and HC-NA). The supplementation started on day 42 before expected 

parturition and was ceased 24 DIM. The powdered and non-rumen protected NA (Mianyang 

Vanetta Pharmaceutical Technology Co., Ltd., Sichuan, China) was included in the pelleted 

concentrate comprising 24 g NA/kg, so that NA-treated animals received 1 kg of this 

concentrate per day, while the others received 1 kg of a control concentrate. The NA 

supplement or the CON supplement was given as pelleted concentrate together with  

additional  concentrate  via  the  computer-regulated concentrate  feeding  station (Insentec, 

B.V., Marknesse, The Netherlands). The composition of concentrates and roughages are 

presented in Table 1. All diets were formulated according to the requirements recommended 

by the GfE (2001). Cows had free access to water. 
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Table 1.  Components and chemical composition of the concentrates and roughages offered in 

the experiment. 

 Concentrate 

 

Roughage
♦
 

 

 
CON

*
 NA

†
 Pre-p

‡
 Post-p

¶
 

Corn  

silage 

Grass 

silage 

Components [%]        

   Wheat grain 50.6 49.0 49.4 49.0    

   Corn 21.6 20.8 20.8 20.8    

   Soybean meal 26.8 26.8 26.8 26.8    

   Soybean oil 1.0 1.0 1.0 1.0    

   Vitamin/mineral premix
$
   2.0     

   Vitamin/mineral premix
ǁ
    1.2    

   Calcium carbonate    1.2    

   NA supplement
§
  2.4      

Chemical composition        

   Dry matter [g/kg] 891 884 880 873  353 387 

Nutrient [g/kg DM]        

   Crude ash 31 29 42 47  36 94 

   Crude protein 235 246 230 228  78 136 

   Ether extract 38 37 39 39  29 32 

   Neutral detergent fiber 159 159 163 152  461 506 

   Acid detergent fiber 46 50 45 44  222 310 

Energy
◊
 [MJ NEL/kg DM] 8.6 8.6 8.5 8.4  6.6 6.0 

Notes: *CON, Control (concentrate for control groups without supplement was provided at 1 kg per day and cow 

from day 42 prepartum until 24 days in milk (DIM)); †NA, Nicotinic acid (concentrate for NA groups was 

provided at 1 kg per day and cow from day 42 prepartum until 24 DIM); ‡Pre-p, Concentrate fed prepartum to all 

groups; ¶Post-p, Concentrate fed postpartum to all groups; ♦Roughage mixture composed of 50% grass silage and 

50% corn silage on dry matter basis; $Contained for dry cows per kilogram mineral feed: 60 g Ca; 100.5 g Na; 

80 g P; 50 g Mg; 7 g Zn; 4.8 g Mn; 1.3 g Cu; 100 mg I; 40 mg Se; 30 mg Co; 800,000 IU vitamin A; 100,000 IU 

vitamin D3; 1500 mg vitamin E; ǁContained for lactating dairy cows per kilogram mineral feed: 140 g Ca; 120 g 

Na; 70 g P; 40 g Mg; 6 g Zn; 5.4 g Mn; 1 g Cu; 100 mg I; 40 mg Se; 25 mg Co; 1,000,000 IU vitamin A; 

100,000 IU vitamin D3; 1500 mg vitamin E; §NA supplement, Powdered and non-rumen protected (Mianyang 

Vanetta Pharmaceutical Technology Co., Ltd., Sichuan, China); ◊Energy, For concentrates table values were used 

(DLG 1997); for grass and corn silage samples energy contents were predicted by equations of the GfE (2008). 

2.2. Sample and data collection 

The individual feed intake and water consumption were recorded daily. Representative 

samples of concentrate were taken once per week and were pooled over approximately 4 

weeks. Samples of the grass and corn silage were taken daily and also pooled monthly. Cows 

were milked twice daily at 05:30 h and 15:30 h and the milk yield was recorded 

automatically by a milk meter (Lemmer-Fullwood GmbH, Lohmar, Germany). Milk 

samples for the determination of milk composition were taken twice per week during the 

morning and afternoon milking. Samples were stored at 4°C until analysis. The BW was 

assessed once in the prepartum period, and after calving, twice daily with an electronic 

balance after each milking when leaving the milking parlour. Blood sampling started at 07:30 
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h in the morning on day –42 (40 ± 6 d), –21 (20.5 ± 2.1 d), –14 (13.6 ± 2.0 d), –7 (7.4 ± 1.7 

d), –3 (2.7 ± 1.1 d), +3, +7, +14, +21, +28, +35, +42, +63, +84, +100 relative to calving. 

Cows were captured in a self-locking feed fence and blood was taken by jugular vein 

puncture using serum tubes. The BCS was scored weekly using a visual scoring technique 

with a five-point scale designed for Holstein Dairy cattle (Edmonson et al. 1989). 

2.3. Analyses 

Feed samples were dried at 60°C for 72 h and then ground to pass through a sieve with 1 

mm pore size. To determine the nutrient and fibre content of the feedstuffs, all samples were 

analysed for DM, crude ash, crude protein and ether extract, according to the methods of the 

Association of German Agricultural Analytic and Research Institutes (VDLUFA) 

(Naumann and Bassler 1993). The neutral detergent fibre (NDF) and acid detergent fibre 

(ADF) were determined as described by the Method Number 6.5.2 (Naumann and Bassler 

1993). Both were expressed without residual ash. Milk samples were analysed for fat, 

protein, lactose and urea, and the somatic cell count (SCC) using a milk analyser based on 

Fourier transform infrared spectroscopy (Milkoscan FT 6000, Foss Electric, Hillerød, 

Denmark) combined with a flow cytometric measurement for SCC analyses (Fossomatic 

500, Foss Electric, Hillerød, Denmark). After blood sampling, tubes were centrifuged at 

2000g for 15 min at 15°C. Blood serum was stored at −80°C until clinical chemical 

analysis. Serum was analysed for NEFA, β-hydroxybutyrate (BHBA) and glucose by 

enzymatic reactions, using spectrophotometrical detection (Eurolyser CCA 180 Vet system, 

Eurolyser Diagnostica GmbH, Salzburg, Austria). 

2.4. Calculations 

The metabolisable energy (ME) of grass silages was calculated according to the equations of 

the GfE (2008): 

ME [MJ/kg DM] =  7.81 + 0.07559 · GP - 0.0384 · CA + 0.0565 · CP  

     + 0.1898 · EE - 0.0831 · ADFom [%]                 (1)                    

                  

where GP is in vitro gas production at 24 h [ml/200 mg DM], CA is crude ash [%], CP is 

crude protein [%], EE is ether extract [%] and ADFom is the ADF expressed without 

residual ash [%]. 
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 The NEL content of grass silages was calculated using the following equation (GfE 2008): 

NEL [MJ /kg DM] =  ME [MJ /kg DM] · (0.48 + 10.37 · ME [MJ/kg DM] 

                      /(1000 - CA [%]) · 10)            (2) 

The ME content of corn silages was calculated according to the equations of the 

GfE (2008): 

ME [MJ /kg DM] =  7.51+ 0.0580 · ELOS [%] + 0.3522 · EE [%]  

           - 0.0283 ·NDFom [%]                            (3)                        

where ELOS is enzymatic soluble organic matter and NDFom  is NDF expressed without 

residual ash. The NEL content of corn silages NEL was calculated using the following 

equation (GfE 2008): 

NEL [MJ/kg DM] = ME [MJ /kg DM] · (0.45 + 13.40 · ME 

           /(1000 - (CA [%]) · 10)                        (4) 

For determining NEL of concentrates, table values were used (DLG 1997). 

The energy-corrected milk (ECM) was calculated as according to Sjaunja et al. (1990): 

E M  kg d    Milk yield  kg d  
 (      Milk fat       242   Milk protein          .2 )

 140
         (5) 

In accordance to the formulae published by the GfE (2001), the energy requirement for 

maintenance (EM), the energy intake (EI), the energy content of milk (Emilk), the energy for 

milk production (EL) and the energy balance (EB) were calculated as follows: 

     EM [MJNEL d     0.29  MJ NEL kg
-0. 5

 d
-1   B   kg 

0. 5
                   (6) 

     EI  MJ NEL d     DM intake  kg DM d            energy concentration  MJ NEL kg DM       (7) 

Emilk  MJ NEL kg    0.95   0.     Milk fat       0.21  Milk protein                 (8) 

EL [MJ NEL/d] = Emilk [MJ NEL/kg] · Milk yield [kg/d] + 0.07                              (9)  

The energy balance during the dry period (EBD) was calculated as follows (requirement for 

pregnancy (EP); week 6-3 ante partum: 13 MJ NEL/d; week 3 ante partum to parturition: 18 

MJ NEL/d) 

EBD [MJ NEL/d]= EI [MJ NEL/d] - EM [MJ NEL/d] – EP [MJ NEL/d]                           (10) 

The EB during the lactation period (EBL) was calculated as follows: 

EBL [MJ NEL/d]= EI [MJ NEL/d] - EM [MJ NEL/d] - EL [MJ NEL/d]                  (11) 
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Before data analysis, values of BW, daily DMI, energy intake, energy balance, milk yield and 

milk composition were condensed to weekly means. Milk fat, milk protein and milk lactose 

concentrations were calculated as a weighted mean according to the milk yield. 

2.5. Statistical analysis 

Due to health problems, nine cows were excluded from the experiment. A total of 47 

cows were considered for statistical analysis with following distribution: LC-CON: 5 

primiparous and 7 multiparous cows; LC-NA: 4 primiparous and 6 multiparous cows; HC-

CON: 4 primiparous and 9 multiparous cows; HC-NA: 5 primiparous and 7 multiparous 

cows. 

All results within tables are presented as least square means (LSMeans) and standard error 

(SE), whereas diagrams show the means of investigated parameters. Data were analysed 

using PROC “MIXED” procedure of the SAS (version 9.2; SAS Inst. Inc., Cary, NC, 

USA). Various covariance structures were tested for the model and the compound symmetry 

(CS) showed the lowest Akaike information criterion. To investigate the physiological 

changes around parturition and early lactation in more detail, the experimental period was 

divided into the “dry period” (day 42 prepartum until parturition) and the “lactation period” (1 

until 100 DIM). 

2.5.1. Dry period 

The mixed model of the dry period included the fixed effects of concentrate (C) (diets LC 

or HC), supplement (S) (CON or NA), parity (P) (primiparous cows or multiparous cows) as 

well as the interaction C × P. Cow within diet and experimental day were used as random 

effect. The frequent measurements during experiment for each individual cow were 

considered as repeated measurement. 

2.5.2. Lactation period 

The mixed model of the lactation period included the fixed effects of concentrate (C) 

(diets LC or HC), supplement (S) (CON or NA), parity (P) (primiparous cows or multi- 

parous cows), time (T) (Period 1: 1 until 28 DIM; Period 2: 29 until 100 DIM). Additionally, 

the interactions C × S, C × P and C × T were set as fixed effects during the lactation 

period. Cow within diet and experimental day were used as random effect. The frequent 

measurements during experiment for each individual cow were considered as repeated 

measurement. 
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Degrees of freedom were calculated using the Kenward-Roger option. To determine the 

differences between LSMeans, the probability (“PDIFF”) option was used applying a Tukey-

Kramer test for post hoc analysis. Differences were considered to be significant at p < 0.05 

and a tendency was noted if p < 0.10 and p > 0.05. 

3. Results 

Out of 56 cows, 47 cows completed the experiment. Nine cows were excluded from the 

experiment because of health problems, which were not due to the dietary treatments (LC- 

CON: 1 mastitis, 1 left abomasal displacement; LC-NA: 2 mastitis, 1 uterus rupture, 1 

accident; HC-CON: 1 mastitis; HC-NA: 1 mastitis, 1 left abomasal displacement). 

The intakes of concentrate and roughage met the intended ratios of the four dietary 

treatments. The dairy cows of LC-CON group had a concentrate and roughage ratio of 

30.5% to 69.5%, Group HC-CON received a ratio of 61% to 39%, while animals of 

Group LC-NA reached a ratio of 30.1% to 69.9% and Group HC-NA of 60.6% to 39.4%. 

However, the daily intake of NA was slightly lower than the aimed quantity of 24 g per 

animal and day.  The LC-NA group received 22.0  ±  1.2  g,  and  the  HC-NA group 22.5 ± 

1.1 g. Energy contents of the diets used prepartum were 6.97 MJ NEL/kg DM for the 

adequate LC diet and 7.63 MJ NEL/kg DM for the energy-dense HC diet. 

The results of the dry period are presented in Table 2, whereas Table 3 (containing the main 

effects) and Table 4 (containing the effects of the interactions: C × S, C × P and C × T) 

present the results of the lactation period. 

3.1. Dry period 

The feeding of diets HC prepartum resulted in a higher DMI (p < 0.001) and energy intake 

(p  <  0.001).  Additionally,  the  energy  balance  was  more  positive  in  Groups  HC (p  < 

0.001),  whereas  the  BCS  remained  unaffected  by  dietary  concentrate  level (Figure 2). 

Cows that received the HC diet had lower glucose concentrations compared with those 

received the LC diet (p = 0.036) (Table 2). However, the energetic profile between Groups 

HC and LC remained largely unaffected by dietary treatment indicated by similar NEFA and 

BHBA concentrations. 

In general, multiparous cows consumed more DM (p < 0.001) and had a higher energy 

intake (p < 0.001) which was associated with a more positive energy balance (p < 0.001). 

Despite previous observations, BHBA concentrations were higher in multiparous cows 

prepartum (p = 0.001) (Table 2, Figures 2A, B and 3B). Indeed, glucose concentrations were 
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higher in primiparous cows prepartum (p = 0.050) (Table 2, Figure 3C). Present results 

indicate that multiparous cows responded more profoundly to prepartum concentrate feeding 

as they consumed more DM (C × P; p = 0.006) and had a higher energy intake (C × P; p = 

0.003) and energy balance (C × P; p = 0.004) when feeding HC diets (Table 2). However, 

despite a similar DMI in primiparous cows of Groups LC and HC, the feeding of diets HC 

also elevated the energy intake and balance as well. The supplementation with NA did not 

reveal any effect during the prepartum period (Table 2). 

3.2. Lactation period 

Although the feeding of different concentrate levels induced marked differences in 

prepartum energy intake and energy balance, there was no carry over effect into the 

postpartum period. The DMI was lowest during the first week postpartum. This was 

associated with a pronounced drop in energy intake and energy balance which was followed 

by a continuous increase of DMI (p = 0.001), energy intake (p < 0.001) and energy 

balance (p < 0.001) (Table 3). Despite these changes occurring around parturition, the  DMI,  

energy intake, energy balance and  BCS  of  early-lactating cows  remained unaffected by 

prepartum concentrate level (Table 3, Figure 2). Additionally, the supplementation with NA 

did not affect investigated parameters of early-lactating dairy cows. Despite a higher DMI (p 

< 0.001) and energy intake (p < 0.001), the energy balance of multiparous cows was more 

negative compared with primiparous cows (p  <  0.001) (Table 3, Figure 2B). Multiparous 

cows had a higher milk (p < 0.001) and ECM yield (p < 0.001), whereas the milk protein 

content was higher in primiparous cows (p = 0.024) (Table 3 and Figure 4). 

Within all groups, serum NEFA, BHBA and glucose concentrations showed the 

characteristic adaptive responses to onset of lactation (Tables 3 and 4, Figure 3). However, 

although only a numerical difference, multiparous cows had higher NEFA (p = 0.090) and 

BHBA (p = 0.105) concentrations, but lower glucose concentrations (p = 0.104) postpartum. 

Although the main effects "concentrate" and "supplement" did not reveal any effects on 

serum NEFA, BHBA and glucose concentrations (Table 3), the interaction between 

concentrate and supplementation influenced BHBA concentrations  (p = 0.036) during early 

lactation (Table 4). A closer look on this interaction revealed that the significance is due to the 

dramatic increase of the BHBA concentrations on 28 DIM which is shown in Figure 3B. The 

interaction between concentrate and time influenced the DMI (p = 0.005) and energy intake (p 

= 0.001) as well as the BW (p = 0.010).   



PUBLICATION I 

 

 

34 

 

Table 2.  The effects of feeding diets with adequate (LC) or high (HC) energy contents either with supplementation of 0 g (CON) or 24 g nicotinic 

acid (NA) on production and metabolic parameters of primiparous and multiparous cows during the dry period (LSMeans ± SE). 

 Concentrate level (C)  Supplement (S)  Parity (P)  Concentrate x Parity   

 
LC HC 

 
CON NA 

 
PP* MP

#
 

 LC  HC  p-Value 

    PP MP  PP MP  C S P C x P 

Production Data 
               

    

   DMI [kg/d] 13.2 ± 0.3 15.1 ± 0.3 
 

14.0 ± 0.3 14.3 ± 0.3 
 

12.8 ± 0.3 15.5 ± 0.3 
 

12.4 ± 0.4 13.9 ± 0.4 
 

13.2 ± 0.5 17.1 ± 0.3 
 

<0.001 0.391 <0.001 0.006 

Energy intake  

[MJ of  NEL/d] 
91.7 ± 2.0 115.3 ± 2.0 

 
102.4 ± 2.0 104.6 ± 2.0 

 
93.7 ± 2.3 113.3 ± 1.8 

 
86.4 ± 3.1 96.9 ± 2.6 

 
101.0 ± 3.3 129.6 ± 2.4 

 
<0.001 0.440 <0.001 0.003 

Energy balance  

[MJ of NEL/d] 
35.6 ± 1.9 58.9 ± 1.9 

 
46.8 ± 1.8 47.8 ± 1.9 

 
40.1 ± 2.1 54.5 ± 1.7 

 
32.6 ± 2.9 38.7 ± 2.5 

 
47.5 ± 3.1 70.3 ± 2.2 

 
<0.001 0.716 <0.001 0.004 

BCS
¶ 3.5 ± 0.1 3.4 ± 0.1 

 
3.3 ± 0.1 3.5 ± 0.1 

 
3.4 ± 0.1 3.4 ± 0.1 

 
3.6 ± 0.1 3.4 ± 0.1 

 
3.3 ± 0.1 3.4 ± 0.1 

 
0.265 0.084 0.826 0.451 

Metabolic parameters  
              

    

 NEFA†[mmol/l] 0.30 ± 0.02 0.34 ± 0.01 
 

0.30 ± 0.01 0.33 ± 0.01 
 

0.32 ± 0.02 0.31 ± 0.01 
 

0.30 ± 0.02 0.29 ± 0.02 
 

0.34 ± 0.02 0.33 ± 0.02 
 

0.076 0.170 0.627 0.930 

BHBA‡ [mmol/l] 0.58 ± 0.02 0.54 ± 0.02 
 

0.56 ± 0.02 0.56 ± 0.02 
 

0.50 ± 0.02 0.62 ± 0.02 
 

0.55 ± 0.03 0.62 ± 0.03 
 

0.46 ± 0.03 0.62 ± 0.03 
 

0.160 0.801 0.001 0.157 

Glucose [mg/dl] 73.0 ± 1.0 69.9 ± 1.0 
 

71.7 ± 1.0 71.1 ± 1.0 
 

72.9 ± 1.1 70.0 ± 0.9 
 

75.3 ± 1.6 70.7 ± 1.3 
 

70.5 ± 1.6 69.2 ± 1.2 
 

0.036 0.688 0.050 0.250 

 

Notes: *PP, Primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5; in total: n = 18); #MP, Multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-

CON: n = 9; HC-NA: n = 7; in total: n = 29); ¶BCS, Body condition score; †NEFA, Non-esterified fatty acids; ‡BHBA, β-Hydroxybutyrate; DMI, Dry matter intake. 
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Table 3. The effects of feeding prepartum diets with adequate (LC) or high (HC) energy contents and postpartum concentrate escalation strategy 

either with supplementation of 0 (CON) or 24 g nicotinic acid (NA) on production, milk performance and metabolic parameters of primiparous 

and multiparous cows during the lactation period (main effects) (LSMeans ± SE). 

 
Concentrate (C) Supplement (S) Parity (P) Time (T)  p-Value 

Item LC HC CON NA PP* MP† P28
Δ P100

▲  C S P T 

Production data 
        

 
    

DMI$ [kg/d] 17.0 ± 0.4 16.7 ± 0.3 16.7 ± 0.3 17.0 ± 0.4 15.3 ± 0.4 18.4 ± 0.3 14.2 ± 0.3 19.5 ± 0.3  0.470 0.490 < 0.001 0.001 

Energy intake  
[MJ of NEL/d] 

124.9 ± 2.6 121.3 ± 2.5 122.0 ± 2.5 124.2 ± 2.6 112.4 ± 2.8 133.8 ± 2.3 104.0 ± 2.3 142.2 ± 1.9  0.320 0.520 < 0.001 < 0.001 

Energy balance  

[MJ of NEL/d] 
-26.7 ± 3.1 -26.2 ± 3.0 -25.3 ± 2.9 -27.7 ± 3.1 -16.3 ± 3.4 -36.7 ± 2.7 -44.9 ± 2.7 -8.0 ± 2.2  0.913 0.555 < 0.001 < 0.001 

BCS♦ 3.0 ± 0.1 3.1 ± 0.1 3.0 ± 0.1 3.1 ± 0.1 3.1 ± 0.1 3.0 ± 0.1 3.1 ± 0.1 3.0 ± 0.1  0.901 0.921 0.272 0.515 

Body weight [kg] 610 ± 9 613 ± 9 602 ± 9 622 ± 9 579 ± 9 644 ± 9 614 ± 10 609 ± 8  0.823 0.121 < 0.001 0.001 

Milk performance data 
        

 
    

Milk yield [kg/d] 33.5 ± 1.1 32.9 ± 1.1 33.4 ± 1.1 33.1 ± 1.1 27.3 ± 1.2 39.1 ± 1.0 30.9 ± 0.8 35.5  ± 0.8  0.694 0.839 < 0.001 < 0.001 

ECM◊ [kg/d] 35.6 ± 1.3 34.1 ± 1.2 34.2 ± 1.2 35.6 ± 1.2 29.0 ± 1.4 40.7 ± 1.1 35.0 ± 0.9 34.7 ± 0.9  0.393 0.407 < 0.001 0.270 

Fat [%] 4.58 ± 0.12 4.37 ± 0.12 4.31 ± 0.12 4.64 ± 0.12 4.45 ± 0.13 4.50 ± 0.11 4.99 ± 0.09 3.96 ± 0.09  0.234 0.054 0.739 < 0.001 

Protein [kg/d] 3.38 ± 0.04 3.32 ± 0.04 3.33 ± 0.03 3.37 ± 0.04 3.41 ± 0.04 3.29 ± 0.03 3.48 ± 0.03 3.22 ± 0.03  0.240 0.505 0.024 < 0.001 

Lactose [%] 4.85 ± 0.02 4.85 ± 0.02 4.84 ± 0.02 4.86 ± 0.02 4.88 ± 0.02 4.82 ± 0.02 4.79 ± 0.02 4.91 ± 0.01  0.902 0.343 0.053 < 0.001 

Urea [ppm] 204 ± 6.4 198 ± 6.1 201 ± 5.9 201 ± 6.3 202 ± 6.8 200 ± 5.4 215 ± 5.0 187 ± 4.4  0.554 0.934 0.782 < 0.001 

Metabolic parameters 
        

 
    

NEFA¶ [mmol/l] 0.40 ± 0.02 0.37 ± 0.02 0.37 ± 0.02 0.40 ± 0.02 0.36 ± 0.02 0.41 ± 0.02 0.53 ± 0.02 0.24 ± 0.02  0.191 0.218 0.090 < 0.001 

BHBA‡ [mmol/l] 0.77 ± 0.05 0.76 ± 0.05 0.76 ± 0.05 0.77 ± 0.05 0.71 ± 0.05 0.82 ± 0.04 0.81 ± 0.04 0.72 ± 0.04  0.901 0.821 0.105 0.037 

Glucose [mg/dl] 53.6 ± 1.1 54.1 ± 1.0 53.1 ± 1.0 54.6 ± 1.1 55.1 ± 1.2 52.6 ± 0.9 53.0 ± 1.0 54.7 ± 1.0  0.705 0.328 0.104 0.135 

Notes: *PP, Primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5; in total: n = 18); †MP, Multiparous cows (LC-CON: n = 7; LC-NA: n = 6; 

HC-CON: n = 9; HC-NA: n = 7; in total: n = 29); ΔP28, Period 1 (1 until 28 days in milk (DIM)); ▲P100,  Period 2 (29 until 100 DIM); §DMI, Dry matter intake; ♦BCS, 

Body condition score; ◊ECM, Energy corrected milk; ¶NEFA, Non-esterified fatty acids; ‡BHBA, β-Hydroxybutyrate. 
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Table 4. The effects of feeding prepartum diets with adequate (LC) or high (HC) energy contents and postpartum concentrate escalation strategy 

either with supplementation of 0 (CON) or 24 g nicotinic acid (NA) on production, milk performance and metabolic parameters of  primiparous 

and multiparous cows during the lactation period (interactions) (LSMeans ± SE). 

 
Concentrate x supplement (C x S) Concentrate × parity (C x P) Concentrate × time (C x T)  

 

 
LC HC LC HC LC HC  p-Value 

Item CON NA CON NA PP* MP$ PP MP P28
Δ P100

▲ P28 P100  C×S C×P C×T 

Production data   
          

 
   

   DMI§ [kg/d] 
16.8  
± 0.5 

17.3  
± 0.5 

16.6  
± 0.5 

16.7  
± 0.5 

15.9  
± 0.5 

18.2  
± 0.5 

14.8  
± 0.5 

18.5  
± 0.4 

14.8  
± 0.4 

19.3  
± 0.4 

13.7  
± 0.4 

19.7  

± 0.4 
 0.720 0.169 0.005 

   Energy intake 

   [MJ of NEL/d] 
123.0  
± 3.5 

126.8  
± 3.8 

120.9  
±3.5 

121.6  
±3.5 

116.9 
± 4.0 

133.0  
±3.3 

107.9  
±4.0 

134.6  
±3.0 

109.0  
±3.3 

140.9  
±2.7 

99.0  
± 3.2 

143.5  
± 2.6 

 0.658 0.149 0.001 

   Energy balance 

   [MJ of NEL/d] 
-22.0 
 ± 4.1 

-31.4  
± 4.6 

-28.5 
 ± 4.1 

-24.0  
± 4.1 

-18.7  
±4.8 

-34.7  
±4.0 

-13.9 
  ±4.8 

-38.6  
± 3.6 

-43.5   
±3.8 

-10.0  
±3.2 

-46.4  
±3.7 

-6.0  
± 3.0 

 0.102 0.312 0.114 

   BCS♦ 
3.1  

± 0.1 
3.0  

± 0.1 
3.0  

± 0.1 
3.1  

± 0.1 
3.2 

 ± 0.1 
2.9  

± 0.1 
3.1  

± 0.1 
3.0  

± 0.1 
3.1 

 ±  0.1 
3.0  

± 0.1 
3.0  

± 0.1 
3.1  

± 0.1 
 0.224 0.418 0.079 

   Body weight [kg] 598  
± 13 

622  
± 14 

605 
 ± 13 

621 
 ± 13 

585  
± 14 

636  
± 12 

574 
 ± 14 

653 
 ± 11 

614 
 ± 10 

606 
 ± 9 

614  
± 9 

613  
± 9 

 0.738 0.299 0.010 

Milk performance data 
           

 
   

  Milk yield [kg/d] 
32.4  
± 1.5 

34.6  
± 1.7 

34.3  
± 1.5 

31.5 
 ± 1.5 

28.8  
± 1.7 

38.3 
 ± 1.4 

25.9 
 ± 1.7 

40.0  
± 1.3 

31.7 
 ± 1.2 

35.3 
 ± 1.1 

30.1  
± 1.1 

35.7 
 ± 1.1 

 0.103 0.149 < 0.001 

   ECM† [kg/d] 
33.6 
 ± 1.7 

37.6  
± 1.8 

34.7  
± 1.7 

33.5  

± 1.7 

31.1  

± 1.9 
40.2  
± 1.6 

26.9  
± 1.9 

41.3  
± 1.4 

36.3 
 ± 1.3 

35.0 
 ± 1.3 

33.8  
± 1.2 

34.4 
 ± 1.2 

 0.133 0.131 0.004 

   Fat [%] 
4.38  

± 0.17 
4.78  

± 0.18 
4.24  

± 0.16 
4.50  

± 0.17 
4.60  

± 0.19 
4.56  

± 0.16 
4.29  

± 0.19 
4.45  

± 0.14 
5.11  

± 0.14 
4.05  

± 0.12 
4.87  

± 0.13 
3.87  

± 0.12 
 0.681 0.562 0.540 

   Protein [%] 
3.40  

± 0.05 
3.36  

± 0.05 
3.27  

± 0.05 
3.37  

± 0.05 
3.46  

± 0.06 
3.30  

± 0.05 
3.36  

± 0.06 
3.28  

± 0.04 
3.53  

± 0.04 
3.24  

± 0.04 
3.43  

± 0.04 
3.21  

± 0.04 
 0.162 0.447 0.070 

   Lactose [%] 
4.85 

± 0.03 
4.85 

 ± 0.03 
4.82 

 ± 0.03 
4.88  

± 0.03 
4.85 

 ± 0.03 
4.85  

± 0.03 

4.91 

 ± 0.03 
4.80 

 ± 0.02 
4.81  

± 0.02 
4.89 

 ± 0.02 
4.78 

 ± 0.02 
4.93  

± 0.02 
 0.365 0.068 0.001 

   Urea [ppm] 
198  
± 8.4 

209  
± 9.3 

204  
± 8.4 

192  
± 8.4 

195  
± 9.7 

213  
± 8.1 

210  
± 9.7 

187 
 ± 7.3 

224 

 ± 7.2 
183 

 ± 6.4 
207  
± 6.8 

190  
± 6.1 

 0.186 0.025 < 0.001 

Metabolic parameters  
          

 
   

   NEFA¶ [mmol/l] 
0.38  

± 0.02 
0.42  

± 0.03 
0.36 

 ± 0.02 
0.38  

± 0.02 
0.40  

± 0.03 
0.40 

 ± 0.02 
0.32  

± 0.03 
0.41  

± 0.02 
0.54  

± 0.02 
0.26 

 ± 0.02 
0.52 

 ± 0.02 
0.22  

± 0.02 
 0.586 0.095 0.659 

   BHBA‡ [mmol/l] 
0.69  

± 0.07 
0.85  

± 0.07 
0.83 

 ± 0.07 
0.70 

 ± 0.07 
0.73 

± 0.08 
0.81 

 ± 0.07 
0.68  

± 0.08 
0.84  

± 0.06 
0.81  

± 0.06 
0.73 

 ± 0.06 
0.81 

± 0.06 
0.71  

± 0.06 
 0.036 0.574 0.812 

   Glucose [mg/dl] 
54.3 
 ± 1.5 

52.9 
 ± 1.6 

52.0  
± 1.4 

56.3  
± 1.4 

55.6  
± 1.7 

51.5 
 ± 1.4 

54.6  
± 1.7 

53.7 
 ± 1.2 

52.4 
 ± 1.4 

54.7 
 ± 1.4 

53.5  
± 1.3 

54.7 
 ± 1.3 

 0.058 0.285 0.649 
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Notes: *PP, Primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5; in total: n = 18); $MP, Multiparous cows (LC-CON: n = 7; LC-

NA: n = 6; HC-CON: n = 9; HC-NA: n = 7; in total: n = 29); ΔP28, Period 1 (1 until 28 days in milk [DIM]); ▲P100,  Period 2 (29 until 100 DIM); §DMI, Dry 

matter intake; ♦BCS, Body condition score; †ECM, Energy corrected milk; ¶NEFA, Non-esterified fatty acids; ‡BHBA, β-Hydroxybutyrate. 
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Figure 1. Dry matter intake (DMI; panel A), energy balance (EB; panel B) and body 

condition score (BCS; panel C) of primiparous cows (left column) and multiparous cows 

(right column) from week 6 prepartum to week 14 postpartum. Data are presented as means 

and P indicates the day of parturition. 
___

∆
___

 :  LC-CON, low concentrate diet prepartum without supplementation of nicotinic acid (NA). 
___

●
___  

:
 
HC-CON, high concentrate diet prepartum without NA supplementation. 

- -∆- - :  LC-NA, low concentrate diet prepartum with NA supplementation.  

- -●- - :  HC-NA, high concentrate diet prepartum with NA supplementation. 

Additionally, the milk performance data like milk yield (p < 0.001), ECM yield (p = 

0.004) and the milk contents of lactose (p = 0.001) and urea (p < 0.001) were influenced 

by this interaction. The significant interactions are rather a result of a time effect than a 

concentrate feeding effect (Table 4). Additionally, the milk urea (p = 0.025) content were 

influenced by the interaction between concentrate and parity resulting in higher urea contents 

for multiparous cows that received the LC diet and primiparous cows that received the HC 

diet (Table 4). 
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Figure 3. Serum concentrations of non-esterified fatty acids (NEFA; panel A), beta-

hydroxybutyrate (BHBA; panel B) and glucose (panel C) of primiparous cows (left column) 

and multiparous cows (right column) from day 42 prepartum to 100 DIM. Data are presented 

as means and P indicates the day of parturition. 

___
∆

___
 :  LC-CON, low concentrate diet prepartum without supplementation of nicotinic acid (NA). 

___
●

___  
:
 
HC-CON, high concentrate diet prepartum without NA supplementation. 

- -∆- - :  LC-NA, low concentrate diet prepartum with NA supplementation.  

- -●- - :  HC-NA, high concentrate diet prepartum with NA supplementation. 

4. Discussion 

It is well known that fat cows lose more BW early postpartum and are on a greater risk to 

suffer from production diseases (Duffield 2000; Bewley et al. 2008). Kokkonen et al. 

(2005) stated that the susceptibility for body fat deposition with high intake of energy- 

dense diets appeared to be dependent on a genetic predisposition for an anabolic metabolic 

status. The physiological role of that interaction between being genetically prone to an 

anabolic metabolic status and high intake of energy-dense diets is not fully clear so far. 

Therefore, this study aimed to elucidate the effect of feeding multiparous and primiparous 

cows with an energy-dense diet prepartum, but without selecting them for a high or low 

BCS. Both feeding groups were composed of dairy cows similar in BCS and BW and – for 

multiparous cows – in former milk yield. 
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Figure 4. Milk yield (panel A), energy-corrected milk (ECM; panel B) and milk contents of 

fat (panel C), protein (panel D) and lactose (panel E) from week 1 to week 14 after parturition 

in primiparous (left column) and multiparous cows (right column). Data are presented as 

means and P indicates the day of parturition. 

___
∆

___
 :  LC-CON, low concentrate diet prepartum without supplementation of nicotinic acid (NA). 

___
●

___  
:
 
HC-CON, high concentrate diet prepartum without NA supplementation. 

- -∆- - :  LC-NA, low concentrate diet prepartum with NA supplementation.  

- -●- - :  HC-NA, high concentrate diet prepartum with NA supplementation. 
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4.1. Dry period 

Prepartum feeding regimen contributes strongly to the nutritional body condition of a 

dairy cow. Like in the present study, several researchers observed that feeding an energy- 

dense diet is associated with a higher DMI and a more positive energy balance prepartum 

(Minor et al. 1998; Rabelo et al. 2003; Janovick and Drackley 2010; Schulz et al. 2014). This 

often favours body fat aggregation resulting in a higher BCS gain prepartum. Cows overfed 

energy prepartum gained one-third of a BCS unit during prepartum period, whereas those 

which were faced with controlled or restricted energy intake prepartum lost BCS (Janovick 

and Drackley 2010). Kokkonen et al. (2005) assumed that a genetic predisposition for an 

anabolic metabolic status is responsible for the susceptibility of high body fat accretion with 

high intake of energy-dense diets. 

Schulz et al. (2014) conducted a similar feeding trial despite of the fact that they 

grouped the animals by a higher and lower BCS 6 weeks prepartum; cows higher in BCS 

received an energy-dense diet (7.7 MJ NEL/kg DM) which induced sharp differences in 

prepartum and postpartum energy metabolism by affecting the BCS, DMI and postpartum 

production. This might reveal that the effect of prepartum overfeeding with energy is 

detrimental only in cows which are prone to energy storage and body fat accretion. The 

latter is underlined by the present results, because dairy cows of the present study, not 

prone to anabolic metabolic status, expressed a greater DMI, energy intake and balance, 

when fed with an energy-dense diet prepartum, but without affecting the BCS prepartum. 

However, Janovick and Drackley (2010) observed that cows with an initial BCS ranging 

from 3.2 to 3.4, not differing at the beginning of the experiment, also gained BCS in 

response to overfeeding energy prepartum. But it is important to mention that the dietary 

energy content was higher compared with the present energy content in the HC diet and that 

the length of the prepartum feeding period lasted 65 days and not 42 days as in the present 

experiment. Friggens et al. (2004) stated that there is a strong relationship between BCS at 

dry-off and parturition which makes dietary manipulation strategies difficult, especially in 

cows not predisposed for an anabolic metabolism. This indicates that the length of 

prepartum feeding period is an important factor when aiming to manipulate the BCS at 

calving which is also observed by the present results. 

The consumption of energy-dense diets leads to a sufficient supply of propionate, 

because it was shown that the feeding of energy-dense diets increases ruminal propionate 

proportions (Niehoff et al. 2013). Propionate is the main substrate for hepatic 
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gluconeogenesis (Aschenbach et al. 2010) which increases towards parturition due to the 

increase of nutrient requirements. Based on this, it is surprising that glucose concentrations 

were lower when feeding the HC diet. The physiological and quantitative role of this 

observation is not clear yet. One explanation might be that the supplementation with NA 

counteracts the effects of concentrate feeding on rumen microbial ecosystem and 

fermentation. 

The BCS of primiparous and multiparous cows did not differ in the present study. This 

disagrees with the observations of Janovick and Drackley (2010) who stated that 

primiparous cows had a higher BCS compared with multiparous cows. Present results 

indicate that multiparous cows responded more profoundly on prepartum energy-dense diets 

and that there are distinct differences between both parities. In accordance with the results of 

Janovick and Drackley (2010) and Morey et al. (2011), multiparous cows of the present 

study consumed more DM compared with primiparous cows. This resulted in a higher 

energy intake and energy balance, but without affecting the BCS. One assumption for the 

absence of a different BCS might be that multiparous cows use the additional dietary 

energy for replenishing body fat reserves which might be emptied in previous lactation 

which is not the case in primiparous cows. On the other hand, the observed differences 

between multiparous and primiparous cows might be linked to the immature state of 

primiparous cows at first calving. In accordance to the observations of Pietersma et al. 

(2006), who observed that the BW of immature cows is 86% of that in mature cows, the BW 

of primiparous cows is 88% of that of multiparous cows in the present study. This indicates 

that late-pregnant primiparous cows still need nutrients for own growth as well as for the 

developing foetus and that they have a lower intake capacity. Rabelo et al. (2005) stated 

that the energy intake of primiparous cows is 6% above requirements, whereas that of 

multiparous cows is 55% above their requirements. Thus, differences observed between 

primiparous and multiparous cows in the present study might be a result of different 

maturation states. Additionally, the social status of dairy cows might strengthen the observed 

differences, as it was shown that primiparous cows had a lower social status than 

multiparous cows in group feeding; thus, less DMI of energy-feed might also be due to less 

time at the feeder (Grant and Albright 1995). 

Primiparous cows had lower BHBA concentrations prepartum which matches with the 

results of Wathes et al. (2007). It may be assumed that primiparous cows have a more 

efficient NEFA oxidation and, thereby, ATP production. The greater ATP amount in 
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primiparous cows might improve hepatic gluconeogenesis, because it was shown that 

gluconeogenesis depends on ATP availability (Bell 1995). Furthermore, present results 

might indicate that multiparous cows may suffer from a higher liver lipid content compared 

with primiparous cows, as it was shown that glucose production is clearly impaired in cows 

with high liver lipid content (Weber et al. 2013). 

4.2. Lactation period 

Present results indicate that the milk performance was also not affected by feeding 

regimen and energy density of the diets prepartum in non-BCS selected multiparous and 

primiparous cows. As expected multiparous cows consumed more DM and yielded more 

milk (Janovick and Drackley 2010; Morey et al. 2011) and ECM, which correspond to the 

observation of Morey et al. (2011). Additionally, multiparous cows developed a more 

pronounced NEB (Janovick and Drackley 2010) which is mostly due to the higher milk 

yield. This more tensed metabolic situation in multiparous cows is also underlined by the 

numerically higher NEFA and BHBA and numerically lower glucose concentrations. It can 

be assumed that the liver metabolism is more stressed in multiparous cows as in primiparous 

cows. 

Statements in the literature are inconsistent regarding the beneficial effects of pre- 

partum feeding on subsequent milk production and composition (Minor et al. 1998; 

Rukkwamsuk et al. 1998; Rabelo et al. 2003; Kokkonen et al. 2005; Janovick and Drackley 

2010; Schulz et al. 2014). On the one hand, the feeding of energy-dense diets prepartum 

improve milk production in the early stage of lactation by elevating the milk yield, fat-

corrected milk (FCM) as well as yields and percentages of milk fat and protein (Minor et al. 

1998; Janovick and Drackley 2010; Schulz et al. 2014). Contrarily, other researchers 

observed only minor effects of prepartum energy supply on lactation performance 

(Rukkwamsuk et al. 1998; Rabelo et al. 2003). 

It has been shown that cows that received an energy-dense diet display a more positive 

energy balance and a higher BCS prepartum, but a more negative energy balance post- 

partum compared with leaner cows fed with energetically adequate diets (Kokkonen et al. 

2005; Schulz et al. 2014). The feeding of diets high in energy density leads to a dramatic 

drop in DMI (Minor et al. 1998) which is associated with the development of NEB around 

parturition (Janovick and Drackley 2010; Schulz et al. 2014); additionally, an improvement 

of lactation performance further strengthens postpartum NEB (Janovick and Drackley 2010; 

Schulz et al. 2014). Cows overfed energy prepartum often need more time to reach 
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positive energy balance postpartum (Treacher et al. 1986; Janovick and Drackley 2010; 

Schulz et al. 2014). 

The present energy balance of multiparous cows showed a pronounced drop in the first 

week after parturition (−100 MJ NEL/d). This energy balance was quite lower compared 

with the energy balance observed by Janovick and Drackley (2010) which might be due to 

the fact that multiparous cows of the present study yielded more milk during the first week 

of lactation compared with that of Janovick and Drackley (2010). However, it is quite 

astonishing that the metabolic response to this tensed metabolic situation indicated by NEFA 

and BHBA concentrations was not more explicitly. One explanation might be the liver is 

able to maintain its functionality by an adequate mobilisation of NEFA, thus preventing the 

development of hepatic disturbances. Additionally, other tissues might adequately use 

BHBA as energy fuel which prevents the accumulation of BHBA within the blood stream. 

It has recently been shown that dairy cows compensate NEB by mobilising body fat 

tissue and body protein which is more severe in cows with higher BCS prepartum and at 

parturition (Kokkonen et al. 2005; Weber et al. 2013). This was also observed by Janovick and 

Drackley (2010) who stated that cows overfed with energy prepartum, also having a greater 

BCS at parturition, display a greater loss in BCS postpartum. This might be a result of a 

greater adrenergic responsiveness of adipose tissues in high BCS cows (Kokkonen et al. 

2005) which favours the loss of body condition and the release of NEFA. Exceeding of 

hepatic capacities to mobilise incoming NEFA ends in hepatic lipid accumulation which is 

more pronounced in cows with high BCS at parturition (Weber et al. 2013). It has recently 

been shown that fat cows are on a greater risk to suffer from production diseases (Duffield 

2000; Bewley et al. 2008). 

However, it can be suggested that dairy cows with high genetic merit for milk production 

and a genetic predisposition for an anabolic metabolism in combination with prepartum 

overfeeding will have a metabolic situation that might trigger susceptibility for periparturient 

disorders. High milk production level will enhance detrimental situation postpartum due to 

high metabolic pull to mobilise energy and protein. Thus, the imbalance between energy 

needs and energy mobilisation and energy intake, respectively, cannot be metabolically 

managed by the high-performance high BCS dairy cow. The present results clearly 

demonstrate that prepartum concentrate feeding had no impact on postpartum performance 

and energy metabolism when cows were not prone to fat accretion in times of energy-dense 

feeding. 
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Other experimental results of our group revealed that the supplementation with 24 gNA 

did not affect investigated variables of the present study at any time, although the 

supplementation with 24 g NA per day resulted in greater serum nicotinamide concentrations 

(NAM) compared with non-treated cows (data not published). Effects of non-rumen protected 

NA supplementation on production are highly controversial, also when using encapsulated 

NA aiming to increase intestinal bioavailability (Morey et al. 2011; Yuan et al. 2012). 

Further preliminary work done in our institute established that encapsulation technique did 

not provide greater bioavailability of NA, because serum nicotinamide concentrations were 

equal in cows that either received encapsulated or non-rumen protected NA (data not 

published). 

It was shown that 6-12 g NA were not able to inhibit lipolysis postpartum and decrease 

NEFA and BHBA concentrations (Minor et al. 1998; Niehoff et al. 2009), which is in 

accordance with the present study when using 24 g NA. This might be explained by the fact 

that the concentrations of NA within the serum of the cows in the present study were too 

low to activate the GPR109A receptor which mediates the effects of NA on liver tissue 

(Kenéz et al. 2014). Kenéz et al. (2014) showed in an in vitro study that only NA, and not 

NAM, is able to inhibit the lipolytic response in bovine adipose tissue. Therefore, the 

absence of an inhibitory effect of NA might be related to the fact that only NAM was 

detected in the serum of cows (in the present study), whereas NA was absent (data not 

published). Additionally, the supplementation with 24 g NA did not affect the milk 

performance of the dairy cows in the present study. The responses reported for milk 

production to supplemented NA (6–12 g) are highly variable (Martinez et al. 1991; 

Belibasakis and Tsirgogianni 1996; Minor et al. 1998). Drackley et al. (1998) observed an 

increase in milk yield and 3.5% FCM when supplementing 12 g NA to early-lactating dairy 

cows. Belibasakis and Tsirgogianni (1996) and Niehoff et al. (2009) observed effects on 

milk fat content and yield when using 6-10 g of NA per day. Contrarily, other researchers 

observed no effects on milk fat content and yield when supplementing 12-24 g NA per day 

(Minor et al. 1998; Morey et al. 2011). In conformity with Belibasakis and Tsirgogianni 

(1996) neither milk protein content nor yield were influenced by NA in the present study. 

This is in contrast to the studies of Niehoff et al. (2009) and Erickson et al. (1992), who 

detected a significant or slight increase of milk protein percentage after supplementation of 6-

12 g NA. Several researchers stated that observed responses of milk variables were due to the 

effects of niacin on ruminal ecosystem such as the increase of protozoa after the 
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supplementation of 6 g NA (Doreau and Ottou 1996; Aschemann et al. 2012). Changes in the 

microbial community are often associated with changes in ruminal fermentation patterns 

(Doreau and Ottou 1996; Aschemann et al. 2012). 

As the serum concentrations of NA were lower than the detection limit and effects on 

energy metabolism, and adipose tissue were also absent in the present study, it may be 

assumed that the effects on milk performance in other studies are mainly a result of high NA 

blood levels. Niehoff et al. (2009) observed effects of NA supplementation on milk 

performance although they only detected NAM within the blood serum. This might weaken 

the former assumption that blood NA level is an important factor for influencing the lactation 

performance. However, the exact mechanisms of the mode of action of supplemented 

niacin are rather unknown and need future research. 

5. Conclusions 

It was clearly shown that an energy-dense diet and thereby an increase in energy intake 

and energy balance prepartum did not lead to metabolic imbalances in multiparous and 

primiparous dairy cows when they were not prone for an anabolic metabolic status indicated 

by  high  BCS.  Present results might confirm the  assumption of  Kokkonen et al. (2005) 

that there exists a genetic predisposition for an anabolic metabolic status which is 

characterised by a susceptibility for body fat accretion in times of high energy supply. 

The greater extent of NEB postpartum in multiparous cows was due to greater milk 

performance without any effect of energy density of diets in these cows not preselected 

for high BCS. Therefore, maladaptation to onset of lactation is most likely based on 

genetic traits for anabolic metabolic status in primiparous and multiparous dairy cows. 

Genetic predisposition for energy accretion may limit the capability to mobilise and 

utilise energy on time to match the needs of lactation performance. Furthermore, the 

results of the present study demonstrate, in particular, that the metabolic situation of 

multiparous and primiparous cows is different, leading to age- specific adaptations to the 

onset of lactation and to variable responses to feeding strategies. This indicates that 

primiparous as well as multiparous cows need particular attention during the transition 

from late pregnancy to early lactation and that a “one size fits all” approach to feed 

management is not an effective way to satisfy age- specific requirements at this time. The 

supplementation with 24 g NA did not reveal any effect on the energy metabolism as well 

as production performance of late- pregnant and early-lactating dairy cows. 
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Simple Summary: Several biological changes occur during the transition from late 

pregnancy to early lactation which is associated with a high susceptibility of health disorders. 

Nicotinic acid, as feed additive, is suggested to balance catabolic metabolism of periparturient 

dairy cows by attenuating lipolysis and impact production performance. This study provides 

information of the biological changes occurring around parturition with special emphasis on 

differences between primiparous and multiparous cows. Present results showed that energy-

dense feeding prepartum did not result in metabolic imbalances postpartum in dairy cows 

which were similar in body condition score. Nicotinic acid supplementation did not reveal any 

effect.  

 

Abstract: The periparturient period is critical according to health, productivity and 

profitability. As this period is fundamental for the success of the lactation period, the interest 

in improving periparturient health by dietary supplements increased in recent years. The 

present study investigated the effects of feeding nicotinic acid (NA) combined with varying 

dietary energy densities on immunological, hematological and biochemical parameters of 

periparturient cows differing in parity. Thirty-six multiparous and 20 primiparous dairy cows 

were enrolled in the study 42 days before expected parturition date until 100 days postpartum 

with the half of the cows being supplemented with 24 g of NA/d. After parturition a diet with 

30% concentrate was fed to all cows which was followed by different concentrate escalation 

strategies. Dietary NA supplementation was ceased on day 24 postpartum. Dietary NA 

increased (P = 0.010) serum nicotinamide concentrations (mean of 3.35 ± 1.65 µg/mL), 

whereas NA could not be detected. Present data emphasize that periparturient cows are faced 

with major physiological challenges and that both parity-groups have different prerequisites 

to adapt to those changes irrespective of NA supplementation. The overfeeding of energy to 

cows which were similar in body condition score had only minor effects on periparturient 

immune system function and the metabolism of those cows. 

 

Keywords: periparturient; niacin; dairy cow, immune system; PBMC; CD4; CD8  
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1. Introduction 

A well-functioning immune system is a cornerstone for the protection against infectious 

and metabolic diseases. The periparturient period is associated with a high incidence of 

diseases due to profound changes in the hormonal, behavioral, digestive and immune system 

which impair immune function and lead to immunosuppression [1-7]. 

The reasons for the development of a periparturient immunosuppression are not fully 

known, but it seems to be a multifactorial process [3,7,8]. Indeed, early lactating dairy cows 

often develop a negative energy balance (NEB) due to a rapid increase in the requirements for 

milk production at a time when dry matter intake (DMI) is markedly depressed [9-11]. Dairy 

cows try to compensate this condition by lipid mobilization ensuring the availability of 

substrates for maintenance and milk production [9,10]. Lipid mobilization is associated with 

an increased release of non-esterified fatty acids (NEFA). In all, a massive release of NEFA 

can pave the way for hepatic lipidosis and ketosis due to an increased hepatic storage of fatty 

acids and an increased production of ß-hydroxybutyrate (BHB) [1,10]. It has recently been 

shown that changes in metabolism and hormone system, naturally occurring around 

parturition, have major impacts on the pattern and function of leukocytes [5,7,8,12-14]. 

Counts of leukocytes in the peripheral blood peak at calving, mainly as a consequence of 

increasing neutrophil counts [2,7,15,16], whereas the counts of lymphocytes decrease 

[2,8,13,16]. The proportions of lymphocyte subpopulations change also during this time 

[2,17]. Additionally, the responsiveness of peripheral blood mononuclear cells (PBMC) to 

mitogenic stimuli is markedly depressed and polymorphonuclear leukocytes (PMNL) show an 

impaired functionality during this period of production cycle [5,13].  

Niacin serves as precursor for the coenzymes nicotinamide adenine dinucleotide (NAD
+
 

and NADH) and nicotinamide adenine dinucleotide phosphate (NADP
+ 

and NADPH) which 

are important participants in the regulation of energy metabolism, the maintenance of cellular 

redox status, the regulation of immunological functions, cell aging and cell death [18]. NAD
+
 

is of great importance in the glycolytic pathway of peripheral T lymphocytes [19]. Further, it 

was shown that the dietary supplementation with nicotinic acid (NA) improves NAD
+
 content 

in human lymphocytes and reduces the vulnerability against oxygen-radical generated DNA 

damage [20]. Besides the expression of the niacin receptor, GPR109A, in diverse adipose 

tissues as well as the muscle, liver and brain tissue of bovines [21], this receptor is also 

expressed on the surface on mature neutrophil granulocytes [22], dendritic cells and 

peritoneal macrophages [23]. 
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Feeding a diet high in concentrate proportion to late pregnant dairy cows pre-selected for a 

high body condition score (BCS), improved production performance, but lowered postpartum 

energy balance associated with increased NEFA concentrations [10]. The average incidence 

of subclinical ketosis (SCK) in postpartum dairy cows is 43% and those cows were more 

susceptible for health disorders postpartum [24]. Several authors observed negative effects of 

elevated NEFA and BHB concentrations on immunological function such as a reduced 

glucose consumption capacity in lymphocytes [25] and a reduced DNA synthesis and IgM 

secretion [14,26]. Further, the ability of PBMC to proliferate is negatively correlated to NEFA 

and BHB concentrations and it was shown that NEFA concentrations impair oxidative burst 

capacity [5].   

As niacin is suggested to balance the catabolic situation postpartum by the down-

regulation of lipolysis [27,28], it could be hypothesized that dietary niacin is able to attenuate 

negative consequences of prepartum nutrition and support cow’s health during periparturient 

period.  

Retrospectively, there has been no bovine study investigating the effects of dietary NA 

supplementation combined with different dry cow feeding strategies on the metabolism and 

the immune status of periparturient dairy cows differing in parity. Therefore, the present study 

aimed to offer new insights into the complex interactions between NA supplementation, dry 

cow nutrition and immunity during the periparturient period with special emphasis on a 

comparative observation of primiparous and multiparous cows under these conditions. 

The objectives of the study were to investigate (1) the impacts of dry cow nutrition, (2) the 

effects of supplementing 24 g NA/d, and (3) the effects of parity on metabolism and immune 

system of periparturient dairy cows. 

2. Materials and Methods  

2.1. Animals, Housing and Dietary Treatments  

In accordance with the German Animal Welfare Act, pertaining to the protection of 

experimental animals and approved by The Lower Saxony State Office for Consumer 

Protection and Food Safety (LAVES), Oldenburg, Germany, the trial was carried out at the 

experimental station of the Institute of Animal Nutrition, Friedrich-Loeffler-Institute (FLI), 

Brunswick, Germany. Fifty-six dairy cows (36 multiparous and 20 primiparous cows) of 

German Holstein breed were assigned to one of four dietary treatment groups. Aiming to 

provide homogeneous groups, multiparous cows were allocated by number of lactations (2.4 
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± 0.1), body weight (698 ± 19 kg), BCS (3.1 ± 0.1) and the milk yield of previous lactation 

(6295 ± 234 kg, 200 d milk yield), whereas primiparous cows were distributed by body 

weight (589 ± 14 kg) and BCS (3.3 ± 0.1).  

The experiment started on day (d) 42 prepartum and was finished on 100 days in milk 

(DIM). Half of the cows received 24 g nicotinic acid (NA) per d (-NA) and cow, whereas the 

other half of the cows received no supplemental NA (-CON). The supplementation started on 

d - 42 before expected parturition and was ceased on d + 24. The NA supplement or the CON 

supplement was given as pelleted concentrate together with additional concentrate via the 

computerized concentrate feeding station (Insentec, B.V., Marknesse, The Netherlands). 

During prepartum period the cows received either a diet with low concentrate proportion 

(LC) (30% concentrate and 70% roughage mixture; 6.97 MJ NEL/kg dry matter (DM)) or a 

diet high in concentrate proportion (HC) (60% concentrate and 40% roughage mixture; 7.63 

MJ NEL/kg DM). Cows were kept in a free stall barn which was splitted up in two group pens 

in accordance to the concentrate proportion of the prepartum diet. Twenty-six percent (LC 

group) or 56% (HC group) of the concentrate proportion were provided together with the 

roughage mixture as partial mixed ration, whereas the rest of the concentrate proportion (4%; 

including the NA or the CON supplement) was provided via the computerized concentrate 

feeding station (Insentec, B.V., Marknesse, The Netherlands). After parturition all cows were 

fed a diet consisting of 30% concentrate and 70% roughage mixture. The postpartum 

concentrate allowance increased up to 50% within 16 d in the LC groups and within 24 d in 

the HC groups. Postpartum dairy cows received 15% of the concentrate with the roughage 

mixture and 35% via the computerized concentrate feeding station (Insentec, B.V., 

Marknesse, The Netherlands). The roughage mixture of prepartum and postpartum period 

was composed of 50% corn silage and 50% grass silage on DM basis and was fed ad libitum 

via self-feeding stations (type RIC, Insentec B.V., Marknesse, The Netherlands). As the feed 

of the feeding troughs was provided for ad libitum intake, the available amount of concentrate 

and roughage mixture was adjusted for each cow twice weekly with regard to the current DMI 

of both components aiming to ensure the intended dietary forage to concentrate ratios of all 

dietary treatment groups. Cows had free access to water all the time. The composition of the 

dietary treatments is described in detail elsewhere [29]. 

The dietary treatment groups were: 1. Low concentrate diet without NA supplementation 

(LC-CON); 2. Low concentrate diet with NA supplementation (LC-NA); 3. high concentrate 

diet without NA supplementation (HC-CON); 4. high concentrate diet with NA 
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supplementation (HC-NA). All diets were formulated according to the requirements given by 

the GfE [30]. 

2.2. Sample and Data Collection 

Each cow was equipped with an ear transponder to record the daily individual feed and 

water intake. 

For blood sampling cows were captured in a self-locking feed fence and blood was taken 

out of the Vena jugularis externa (07.30–09.00 h). Samples of d - 42 prepartum were taken 

before initiation of NA supplementation. 

Samples for the determination of serum nicotinic acid (NA) and nicotinamide (NAM) 

concentrations were taken on d - 42 (40 ± 6 d), - 21 (17.7 ± 4.3 d), + 14, + 21, + 28, + 35 

relative to parturition, whereas the blood samples for biochemical and hematological analyses 

and T lymphocyte phenotyping were taken on d - 42 (40 ± 6 d), - 21 (20.5 ± 2.1 d), - 14 (13.6 

± 2.0 d), - 7 (7.4 ± 1.7 d), - 3 (2.7 ± 1.1 d), + 3, + 7, + 14, + 21, + 28, + 35, + 42, + 63, + 84, + 

100 relative to parturition by using serum tubes for the analysis of biochemical variables and 

EDTA tubes for hematological analyses and T lymphocyte phenotyping. On d - 42 (40 ± 6 d), 

- 14 (11.6 ± 4.5 d), + 3, + 7, + 14, + 28, + 42 and + 100 blood samples for the isolation and 

proliferation assay of PBMC were obtained using heparinized vacutainer tubes. 

2.3. Laboratory Methods 

2.3.1. Determination of Blood Niacin Concentration 

The determination of NAM and NA was done using high-performance liquid 

chromatography (HPLC). Samples were thawed and carefully homogenized followed by 

protein precipitation and lipid extraction using ice cold ethanol and n-hexane, respectively. 

After centrifugation (20,800 · g for 30 min) the supernatant was transferred into an amber 

flask and evaporated in a nitrogen stream at 40°C. The residue was dissolved in aqueous 

mobile phase A. After filtration (amcro filter, PVDF, 0.45 µm) 20 μL were injected 

automatically into a HPLC system (Shimadzu, Kyoto, Japan). Samples were run through a 

C18 column (Inertsil ODS, 150 · 3 mm, 5 μm particle size, 150 Å pore size), using a binary 

gradient system. The mobile phase A consisted of 10 mM IPCC6 in ultrapure water at a pH of 

2.3, mobile phase B was 100 % acetonitrile. Quantification of NAM and NA were performed 

simultaneously by a multi wavelength detector at a wavelength of 260 nm.  
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2.3.2. Hematological and Biochemical Analyses 

For the analyses of immunological and hematological values, the whole blood was 

analyzed immediately after blood sampling by using an automatic analyzer (Celltac αbMEK-

6450, Nihon Kohden, Tokyo, Japan). The white blood cell profile included: the count of total 

leukocytes, lymphocytes and granulocytes. The measurement of granulocytes included 

basophil and neutrophil granulocytes. The red blood cell profile included: the count of red 

blood cells (RBC) with the investigation of hematocrit and hemoglobin and the red blood cell 

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

mean corpuscular hemoglobin concentration (MCHC).  

For serum preparation, the blood was incubated 30 minutes by 30°C and then centrifuged 

at 2000 g for 15 minutes at 15°C. Blood serum was stored at -80°C until analysis. 

Concentrations of albumin, total cholesterol, triglycerides, urea and total protein as well as the 

activities of gamma glutamyl transferase (ɣ-GT), glutamate dehydrogenase and glutamic 

oxaloacetic transaminase (GOT) were determined spectrometrically by using the Eurolyser 

CCA 180 Vet system (Eurolyser Diagnostica GmbH, Salzburg, Austria).  

2.3.3. Flow Cytometric Analysis 

Phenotyping were performed by incubating whole blood samples with monoclonal 

fluorescein isothiocyanate (FITC)-labeled mouse anti bovine CD4 and phylloerythrin(PE)-

labeled mouse anti-bovine CD8 antibodies or their respective isotype controls (AbD Serotec, 

Oxford, United Kingdom). Following 30 minutes of incubation in the dark, red blood cells 

were lysed and lymphocytes were simultaneously fixed by addition of FACS lysing solution 

(BD Bioscience, San Jose, CA, USA). Samples were analyzed on a FACS Canto II with High 

Througput Sampler using FACS DIVA software (BD Bioscience, San Jose, CA, USA). The 

spillover of both fluorochromes (FITC and PE) was automatically compensated by the 

software. For analyses the lymphoid population was gated based on its side- and forward-

scattering properties. At least 10,000 lymphocytes were measured and relative counts of CD4
+
 

and CD8
+
 positive cells were quantified.  

2.3.4. Isolation and Culture of Peripheral Blood Mononuclear Cells 

The isolation and preparation of PBMC was done according to the methodology by 

Renner, et al. [31]. Isolated PBMC were kept frozen at -80°C until further investigations.  

To evaluate the cell viability and Concanavalin A (Con A)-stimulated proliferation of 

PBMC, the Alamar Blue (AB) assay was used. This assay based on the reduction of the 
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nonfluorescent resazurin to the fluorescent molecule, resofurin, by viable and metabolically 

active cells [32].  

PBMC were thawed and washed firstly with Roswell Park Memorial Institute (RPMI)-

1640 medium (Biochrom AG, Berlin, Germany) which was enriched with 5% fetal bovine 

serum (FBS, Biochrom AG, Berlin, Germany), 1 M HEPES (4-(2-hydroxyethyl)-1-

piperazinethanesulfonic acid) buffer (Biochrom AG, Berlin, Germany), 2 mM L-glutamine 

(Biochrom AG, Berlin, Germany), 5 mM ß-mercaptoethanol (Biochrom AG, Berlin, 

Germany), 100 U/mL penicillin and 0.1 mg/mL streptomycin solution (Biochrom AG, Berlin, 

Germany). After centrifugation at 250 · g for 8 minutes at room temperature, supernatants 

were removed and the pellet was suspended in the enriched RPMI-1640 medium. The 

adjustment of the cells to 1 · 10
6
 cells/mL was done using the trypan blue exclusion technique 

and a Neubauer counting chamber. Cell suspensions were assayed quintuplicate and were 

seeded into 96-well plates (1 · 10
5
 cells/well) and Con A (2.5 µg/mL final, Sigma-Aldrich, 

Germany) or RPMI-1640 medium were added up to a final volume of 200 µL/well. Following 

the procedures of Goyarts, et al. [33], plates were then incubated for 72 h at 37°C and 5% 

CO2 with subsequent centrifugation at 200 · g for 5 minutes. 100 µL of the supernatant of 

each well were removed and 11 µL AB (AbD Serotec, Oxford, United Kingdom) were added 

to each well aiming to reach a dilution ratio of 1:10 which was followed by an incubation 

period of 2.5 h. The fluorescence of resorufin, the reaction product of the AB assay, was 

measured at 540 nm (excitation) and 590 nm (emission).  

2.4. Calculations and Statistics 

The stimulation index (SI) was calculated using the following equation: 

   
                                     

                                 
      (1) 

The ratio of CD4
+
/CD8

+
 was calculated using following equation: 

                 
                  

                        (2) 

For statistical analysis measurements of daily water intake were condensed to weekly 

means. The PRO  “MIXED” procedure of the SAS software package (SAS 9.4, SAS Inst. 

Inc., Cary, NC) was used to determine the effects of the fixed effects on investigated 

variables. The fixed effects included dietary concentrate proportion (LC diet or HC diet), 

supplementation (CON or NA), parity (primiparous cows or multiparous cows), period (1
st
 

period: d 42 until birth; 2
nd

 period: 1 until 28 DIM; 3
rd

 period: 29 until 100 DIM) and the 4-
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way interaction between those factors. The random effect was cow within diet and period. 

The frequent measurements during experiment for each individual cow were considered as 

repeated measurement. After testing various covariance structures, a repeated-measures 

analysis using the compound symmetry was used, because this showed the lowest Akaike 

information criterion (AICC). Differences were considered to be significant at P < 0.05 and a 

tendency was noted if P < 0.10 and P > 0.05. The Tables are organized to represent LSMeans 

of the 4-way interaction (concentrate proportion x supplementation x parity x period), 

whereas the Figures represent mean values. 

Table 1. The effects of different nutritional levels prepartum and nicotinic acid 

supplementation (24 g/d) on serum nicotinamide (NAM) concentrations of primiparous and 

multiparous cows during late gestation, periparturient period and early lactation (LSMeans ± 

SE). 

Item 

 Diet 

  

P-Value 

P1 
LC- 

CON
2
 

LC- 

NA
3
 

HC- 

CON
4
 

HC- 

NA
5
 

C
6
 S

7
 P

1
 T

8
 

C*S

*P*T 

NAM, µg/mL 
     

0.738 0.010 0.538 <0.001 0.120 

-42 until B9 
1 1.39 ± 0.49 3.25 ± 0.55 2.31 ± 0.58 2.20 ± 0.49 

 
     

>1 2.08 ± 0.41 2.38 ± 0.45 1.86 ± 0.36 2.73 ± 0.41 

 

     

1 - 28 DIM 
1 1.85 ± 0.46 4.40 ± 0.51 1.71 ± 0.51 2.79 ± 0.46 

 >1 2.37 ± 0.39 2.60 ± 0.42 2.45 ± 0.34 3.63 ± 0.39 

 
29 - 100 DIM 

1 1.31 ± 0.57 2.32 ± 0.63 1.41 ± 0.63 2.01 ± 0.57 

 >1 2.54 ± 0.51 2.09 ± 0.52 2.15 ± 0.42 2.17 ± 0.48 

 1
 Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d; 
3
 Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d; 
6
 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum;
 7

 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth. 
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3. Results  

3.1. Animals  

Due to health problems, 9 cows were excluded from the experiment. Health problems 

included left abomasal displacement (two animals), mastitis (five animals), uterine rupture 

(one animal) and an accident (one animal). A total of 47 cows were considered for statistical 

analysis with following distribution: LC-CON: n= 5 primiparous and 7 multiparous cows; 

LC-NA: n= 4 primiparous and 6 multiparous cows; HC-CON: n= 4 primiparous and 9 

multiparous cows; HC-NA: n= 5 primiparous and 7 multiparous cows. 

3.2. Serum Niacin Concentration 

Only NAM concentrations were detected in the present blood serum. NA supplementation 

increased serum NAM concentrations (Table 1). On d - 42, mean NAM concentrations of NA 

supplemented cows were 2.11 ± 1.02 µg/mL and those of CON cows were 1.88 ± 0.90 µg/mL 

and did not differ statistically. During the time of supplementation mean NAM concentrations 

were 3.35 ± 1.65 µg/mL, whereas mean NAM concentrations of CON supplemented cows 

were 2.01 ± 1.10 µg/mL (data not shown).  

3.3. Biochemistry 

With exception of serum urea concentrations, all investigated biochemical parameters were 

influenced by period (Supplementary material, Tables S1 and S2). NA supplementation 

increased GOT activity and tended to increase ɣ-GT activity (Supplementary material, Table 

S1). HC groups had higher GOT activities compared with LC groups (Supplementary 

material, Table S1). Multiparous cows had higher ɣ-GT activities as well as total protein, urea 

and cholesterol concentrations compared with primiparous cows (Supplementary material, 

Tables S1 and S2). 

The interaction between dietary concentrate proportion, supplementation, parity and period 

influenced the activity of ɣ-GT and the urea concentrations differently (Supplementary 

material, Tables S1 and S2). 

3.4. Hematology and Water Intake 

With exception of primiparous cows receiving the LC diet, the counts of granulocytes 

peaked during the last week of gestation. A second increase was detected for multiparous 

cows on d + 14 or + 21, respectively. Counts of granulocytes were nearly stable during the 3
rd
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period (data not shown). The counts of total leukocytes, granulocytes and lymphocytes were 

higher in primiparous than in multiparous cows (Table 2).  

Table 2. The effects of different nutritional levels prepartum and nicotinic acid 

supplementation (24 g/d) on counts of total leukocytes, granulocytes and lymphocytes of 

primiparous and multiparous cows during late gestation, periparturient period and early 

lactation (LSMeans ± SE). 

Item 

 Diet 

 

P-Value 

P1 
LC- 

CON2 
LC- 
NA3 

HC- 
CON4 

HC- 
NA5 

C6 S7 P1 T8 
C*S*
P*T 

Leukocytes, 103/µL 
     

0.298 0.341 0.001 0.172 0.327 

-42 until B9 
1 9.6 ± 0.9 10.5 ± 1.0 8.8 ± 1.1 9.5 ± 0.9 

 

     

>1 6.9 ± 0.8 8.1 ± 0.9 7.2 ± 0.7 9.0 ± 0.8 

 

1 - 28 DIM 
1 10.3 ± 0.9 11.8 ± 1.0 8.9 ± 1.0 8.1 ± 0.9 

 >1 7.3 ± 0.8 8.4 ± 0.8 8.2 ± 0.7 7.8 ± 0.8 

 

29 - 100 DIM 
1 8.8 ± 0.9 9.4 ± 1.0 9.0 ± 1.0 9.3 ± 0.9 

 >1 8.0 ± 0.8 7.2 ± 0.8 7.4 ± 0.7 7.0 ± 0.8 

             
Granulocytes, 103/µL 

     
0.347 0.238 0.050 0.007 0.060 

-42 until B9 
1 4.7 ± 0.6 5.4 ± 0.6 4.4 ± 0.7 5.3 ± 0.6 

 

     

>1 3.9 ± 0.5 4.3 ± 0.5 4.3 ± 0.4 5.3 ± 0.5 

 

1 - 28 DIM 
1 5.6 ± 0.6 6.3 ± 0.6 4.1 ± 0.6 4.0 ± 0.6 

 >1 4.0 ± 0.5 4.2 ± 0.5 4.2 ± 0.4 4.1 ± 0.5 

 

29 - 100 DIM 
1 4.0 ± 0.6 4.7 ± 0.6 3.8 ± 0.6 4.8 ± 0.6 

 >1 4.6 ± 0.5 3.5 ± 0.5 3.7 ± 0.4 3.8 ± 0.5 

             
Lymphocytes, 103/µL 

     
0.540 0.705 <0.001 0.529 0.713 

-42 until B9 
1 4.1 ± 0.4 4.3 ± 0.4 3.9 ± 0.5 3.6 ± 0.4 

 
     

>1 2.6 ± 0.3 3.0 ± 0.4 2.6 ± 0.3 3.2 ± 0.3 

 

     
1 - 28 DIM 

1 4.1 ± 0.4 4.8 ± 0.4 3.9 ± 0.4 3.4 ± 0.4 

 >1 2.6 ± 0.3 3.2 ± 0.4 3.2 ± 0.3 3.2 ± 0.3 

 

29 - 100 DIM 
1 4.1 ± 0.4 4.1 ± 0.4 4.3 ± 0.4 3.8 ± 0.4 

 >1 2.9 ± 0.3 3.0 ± 0.4 3.2 ± 0.3 2.8 ± 0.3       

1
 Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d;
 3

 Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d;
 6

 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum; 
7
 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth. 
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Variables of the red blood cell profile and the water intake were influenced by period 

(Table 3). Primiparous cows had higher counts of RBC, whereas multiparous cows had higher 

MCV, MCH and water intake (Table 3). The interaction between dietary concentrate 

proportion, supplementation, parity and period influenced the water intake and MCHC as well 

as the hematocrit differently (Table 3). 

Table 3. The effects of different nutritional levels prepartum and nicotinic acid 

supplementation (24 g/d) on the counts of red blood cells (RBC), mean corpuscular volume 

(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration 

(MCHC), hemoglobin, hematocrit and water intake of primiparous and multiparous cows 

during late gestation, periparturient period and early lactation (LSMeans ± SE). 

Item 

 Diet 

 

P-Value 

P1 
LC-

CON2 

LC- 

NA3 

HC-

CON4 

HC- 

NA5 
C6 S7 P1 T8 

C*S*

P*T 

RBC, 103/µL 
      

0.216 0.519 <0.001 0.004 0.152 

-42 until B9 
1 6.1 ± 0.2 6.2 ± 0.2  5.8 ± 0.2 5.9 ± 0.2 

 

     

>1 5.7 ± 0.2  5.5 ± 0.2 5.6 ± 0.2 5.6 ± 0.2 

 

1 - 28 DIM 
1 6.2 ± 0.2 5.9 ± 0.2 5.7 ± 0.2 5.7 ± 0.2 

 >1 5.7 ± 0.2 5.4 ± 0.2 5.5± 0.2 5.4 ± 0.2 

 

29 - 100 DIM 
1 6.3 ± 0.2 5.9 ± 0.2 5.7 ± 0.2 6.0 ± 0.2 

 >1 5.4 ± 0.12 5.1 ± 0.2 5.3 ± 0.2 5.4 ± 0.2 

             
MCV, fL 

      
0.623 0.954 <0.001 <0.001 0.640 

-42 until B9 
1 54.4 ± 1.7 56.0 ± 1.9 54.9 ± 1.9 53.4 ± 1.7 

 

     

>1 58.9 ± 1.4 58.8 ± 1.5 60.5 ± 1.3 61.2 ± 1.4 

 

1 - 28 DIM 
1 53.8 ± 1.7 59.1 ± 1.9 55.2 ± 1.9 58.9 ± 1.7 

 >1 54.7 ± 1.4 60.6 ± 1.5 52.5 ± 1.3 61.0 ± 1.4 

 

29 - 100 DIM 
1 49.8 ± 1.7 55.7 ± 1.9 52.7 ± 1.9 56.0 ± 1.7 

 >1 52.3 ± 1.4 57.5 ± 1.5 49.2 ± 1.3 58.0 ± 1.4 

             
MCH, pg 

      
0.580 0.583 <0.001 <0.001 0.794 

-42 until B9 
1 18.6 ± 0.7 20.9 ± 0.8 18.3 ± 0.8 19.8 ± 0.7 

 

     

>1 18.9 ± 0.6 20.7 ± 0.6 17.9 ± 0.5 20.3 ± 0.6 

 

1 - 28 DIM 
1 16.5 ± 0.7 18.2 ± 0.8 17.0 ± 0.8 18.3 ± 0.7 

 >1 17.2 ± 0.6 18.8 ± 0.6 16.4 ± 0.5 18.7 ± 0.6 

 

29 - 100 DIM 
1 15.9 ± 0.7 17.3 ± 0.8 16.2 ± 0.8 17.4 ± 0.7 

 >1 16.2 ± 0.6 17.9 ± 0.6 15.3 ± 0.5 18.8 ± 0.6 

 
            
MCHC, g/dL 

      
0.944 0.013 0.829 <0.001 0.059 

-42 until B9 
1 34.3 ± 0.6 35.2 ± 0.6 32.7 ± 0.7 33.1 ± 0.6 

 

     

>1 34.9 ± 0.5 33.8 ± 0.5 32.6 ± 0.4 32.5 ± 0.5 

 

1 - 28 DIM 
1 30.8 ± 0.6 30.8 ± 0.6 30.9 ± 0.6 31.1 ± 0.5 

 >1 31.4 ± 0.5 31.1 ± 0.5 31.2 ± 0.4 30.8 ± 0.5 

 

29 - 100 DIM 
1 31.8 ± 0.6 31.0 ± 0.6 30.9 ± 0.6 31.1 ± 0.6 

 >1 31.0 ± 0.5 31.1 ± 0.5 31.1 ± 0.4 32.3 ± 0.5 
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Table 3 Cont. 

 
 

Diet 
 

P-Value 

 
P1 

LC-

CON2 

LC- 

NA3 

HC-

CON4 

HC- 

NA5  
C6 S7 P1 T8 

C*S*

P*T 

Hemoglobin, g/dL 
    

 
     

-42 until B9 1 11.4 ± 0.3 11.7 ± 0.4 11.3 ± 0.4 10.8 ± 0.3 

 

0.450 0.083 0.338 <0.001 0.162 

 
>1 11.2 ± 0.3 11.4 ± 0.3 10.4 ± 0.2 11.3 ± 0.3 

 
     

1 - 28 DIM 1 10.3 ± 0.3 10.3 ± 0.3 10.0 ± 0.4 9.9 ± 0.3 

 
     

 
>1 9.8 ± 0.3 10.3 ± 0.3 9.4 ± 0.2 10.1 ± 0.3 

 
     

29 - 100 DIM 1 9.9 ± 0.3 9.3 ± 0.4 9.6 ± 0.3 8.9 ± 0.3 

 
     

 
>1 9.3 ± 0.3 9.5 ± 0.3 9.1 ± 0.2 10.1 ± 0.3 

 
     

            
Hematocrit, % 

     
 

0.275 0.418 0.460 <0.001 0.034 

-42 until B9 
1 33.3 ± 0.8 33.2 ± 0.9 34.8 ± 0.9 32.2 ± 0.8 

 

     

>1 32.1 ± 0.7 33.5 ± 0.8 31.6 ± 0.6 34.3 ± 0.7 

 

1 - 28 DIM 
1 33.5 ± 0.8 33.4 ± 0.9 32.3 ± 0.9 31.9 ± 0.8 

 >1 31.2 ± 0.7 33.2 ± 0.7 30.0 ± 0.6 33.0 ± 0.7 

 

29 - 100 DIM 
1 31.2 ± 0.8 30.1 ± 0.9 31.2 ± 0.9 28.6 ± 0.8 

 >1 29.9 ± 0.7 30.3 ± 0.7 29.3 ± 0.6 31.0 ± 0.7   

       

Water intake, L/d      
 

0.387 0.277 <0.001 <0.001 <0.001 

-42 until B9 
1 34 ± 5 35 ± 6 42 ± 6 33 ± 5            

>1 37 ± 4 40 ± 5 46 ± 4 48 ± 4  

     
1 - 28 DIM 

1 47 ± 5 59 ± 5 51 ± 5 46 ± 5  

>1 69 ± 4 78 ± 4 73 ± 4 75 ± 4  

29 - 100 DIM 
1 59 ± 5 77 ± 5 67 ± 5 62 ± 5  

>1 79 ± 4 84 ± 4 91 ± 4 95 ± 4   
1
 Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d;
 3

 Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d;
 6

 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum; 
7
 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth. 
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3.5. Lymphocyte Subpopulations 

Neither concentrate feeding nor NA supplementation influenced lymphocyte 

subpopulations in the present study (Table 4). All investigated parameters were influenced by 

period (Figure 1, Table 4). As shown in Figure 1, the CD8
+
 subpopulations decreased mainly 

during the last week of gestation and the first week of lactation with a dramatic decline on d - 

3 and + 3 in multiparous cows. The CD8
+
 subpopulations increased continuously afterwards 

with a more pronounced increase in older cows. The CD4
+
 subpopulations showed lowest 

proportions around parturition which was followed by an increase until d + 28 and a constant 

level during the last period. Multiparous cows had higher CD4
+ 

and CD8
+ 

subpopulations than 

primiparous cows (Figure 1, Table 4). The CD4
+
/CD8

+
 ratio of primiparous cows showed 

massive variations in the 1
st
 and 2

nd
 period, whereas those of multiparous cows showed a 

similar course between the four dietary treatment groups. The CD4
+
/CD8

+
 ratio of 

multiparous cows peaked firstly on d - 7 or - 3, respectively, and secondly on d + 14. The 

CD4
+
/CD8

+
 ratio was lowest and constant in the 3

rd
 period of the experiment in both parity-

groups (Figure 1).  

3.6. PBMC Culture ex Vivo 

Neither the dietary concentrate proportion nor the supplementation with NA influenced the 

viability of unstimulated PBMC, the proliferation of Con A-stimulated PBMC or the SI. 

However, those variables were influenced by period (Figure 2, Table 5). The basal viability of 

unstimulated PBMC and the proliferation of Con A-stimulated PBMC were similar on d - 42 

and - 14 in both parity-groups. The viability of unstimulated PBMC peaked on d + 3 in 

multiparous cows, whereas those of primiparous cows peaked on d + 7 or + 14, respectively. 

The viability of unstimulated PBMC in multiparous cows remained constant until the end of 

the experiment, whereas the viability of unstimulated PBMC in primiparous cows decreased 

from d + 42 until + 100, exceptional in group HC-NA. The proliferative capacity of Con A-

stimulated PBMC in multiparous cows remained constant until d + 7 followed by a slight 

increase until d + 28. During the 3
rd

 period the proliferation of Con A-stimulated PBMC 

remained nearly constant (Figure 2, Table 5). Present results indicate that the proliferative 

response of Con A-stimulated PBMC were constant until d + 3 in primiparous cows. 

Primiparous Con A-stimulated PBMC peaked slightly during the first 2 weeks of lactation 

and increased from d + 42 until + 100. The viability of unstimulated and the proliferative 

response in Con A-stimulated PBMC was moderately lower prepartum compared with 

postpartum values.  
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Table 4. The effects of different nutritional levels prepartum and nicotinic acid 

supplementation (24 g/d) on CD4
+
 and CD8

+
 subpopulations and the ratio of CD4

+
/CD8

+
 of 

primiparous and multiparous cows during late gestation, periparturient period and early 

lactation (LSMeans ± SE). 

Item 

 Diet 

 

P-value 

P1 LC-CON2 LC-NA3 HC-CON4 HC-NA5 C6 S7 P1 T8 
C*S* 

P*T 

CD4+/CD8+ ratio 
     

0.335 0.528 0.718 <0.001 0.645 

-42 until B9 
1 2.8 ± 0.3 2.8 ± 0.4 2.9 ± 0.4 2.5 ± 0.3 

 

     

>1 2.5 ± 0.3 3.4 ± 0.3 2.3 ± 0.2 2.4 ± 0.3 
 

1 - 28 DIM 
1 2.7 ± 0.3 2.5 ± 0.4 3.1 ± 0.4 2.7 ± 0.3 

 

>1 2.6 ± 0.3 3.1 ± 0.3 2.3 ± 0.2 2.6 ± 0.3 
 

29 - 100 DIM 
1 2.2 ± 0.3 2.5 ± 0.4 2.6 ± 0.4 2.2 ± 0.3 

 

>1 2.2 ± 0.3 2.8 ± 0.3 2.0 ± 0.2 2.2 ± 0.3 
 

            
CD4+, % 

      
0.368 0.955 <0.001 <0.001 0.128 

-42 until B9 
1 27.0 ± 1.8 25.7 ± 2.0 27.8 ± 2.1 27.9 ± 1.8 

 

     

>1 29.4 ± 1.5 29.2 ± 1.6 30.8 ± 1.3 30.2 ± 1.5 
 

1 - 28 DIM 
1 26.9 ± 1.7 27.4 ± 2.0 28.8 ± 1.9 30.0 ± 1.7 

 

>1 34.0 ± 1.5 31.0 ± 1.6 31.8 ± 1.3 34.0 ± 1.5 
 

29 - 100 DIM 
1 28.5 ± 1.7 27.9 ± 1.9 30.8 ± 2.0 29.9 ± 1.8 

 

>1 35.1 ± 1.5 35.0 ± 1.6 32.5 ± 1.3 34.6 ± 1.5 
 

            
CD8+, % 

      
0.256 0.481 0.022 <0.001 0.797 

-42 until B9 
1 10.4 ± 1.7 11.1 ± 1.8 11.0 ± 1.9 12.2 ± 1.6 

      

>1 12.7 ± 1.4 10.6 ± 1.5 15.3 ± 1.2 13.9 ± 1.4 
 

     
1 - 28 DIM 

1 11.2 ± 1.6 12.1 ± 1.8 10.3 ± 1.8 12.0 ± 1.6 
 

>1 14.1 ± 1.4 11.4 ± 1.5 15.1 ± 1.2 13.7 ± 1.4 
 

29 - 100 DIM 
1 13.6 ± 1.6 12.0 ± 1.8 12.8 ± 1.8 14.2 ± 1.6 

 

>1 17.3 ± 1.4 13.8 ± 1.5 18.0 ± 1.2 16.0 ± 1.4       

1
 Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d;
 3

 Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d;
 6

 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum; 
7
 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth. 
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Figure 1. Mean proportions of CD8
+
 and CD4

+
 and the CD4

+
/CD8

+
 ratio in the whole blood 

of primiparous (left side) and multiparous cows (right side) during late gestation, 

periparturient period and early lactation. 
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Table 5. The effects of different nutritional levels prepartum and nicotinic acid 

supplementation (24 g/d) on the viability of unstimulated and Con A-stimulated peripheral 

blood mononuclear cells (PBMC) and the stimulation index (SI) of primiparous and 

multiparous cows in Alamar blue assay (LSMeans ± SE). 

  Diet 

  

P-Value 

Item P1 LC-CON2 LC-NA3 HC-CON4 HC-NA5 C6 S7 P1 T8 
C*S*

P*T 

Unstimulated 
PBMC, RFU       

0.828 0.909 0.431 <0.001 0.895 

-42 until B9 
1 3774 ± 806 3024 ± 960 3272 ± 1030 2358 ± 806 

 
     

>1 3680 ± 681 2922 ± 736 3467 ± 601 2912 ± 706 

 
     

1 - 28 DIM 
1 4567 ± 636 5076 ± 681 3377 ± 681 4454 ± 609 

 
     

>1 4459 ± 515 5413 ± 566 5065 ± 465 5286 ± 516 

 
     

29 - 100 DIM 
1 4932 ± 806 4825 ± 902 6263 ± 902 5183 ± 806 

 
     

>1 4856 ± 681 5309 ± 736 4948 ± 601 5504 ± 681 

 
     

            

Stimulated 
PBMC10, RFU 

      0.911 0.703 0.369 0.004 0.324 

-42 until B9 

1 
24110 ± 

3144 

21671 ± 

3702 

27976 ± 

3923 

18441 ± 

3144 
      

>1 
22526 ± 

2657 

20987 ± 

2870 

19442 ± 

2344 

14816 ± 

2735 
      

1 - 28 DIM 

1 
23260 ± 

2657 
23270 ± 

2887 
20787 ± 

2887 
22169 ± 

2582 
      

>1 
22721 ± 

2182 
21567 ± 

2385 
20535 ± 

1955 
21602 ± 

2188 
      

29 - 100 DIM 

1 
20247 ± 

3144 

24583 ± 

3515 

29577 ± 

3515 

26816 ± 

3144 
      

>1 
22474 ± 

2657 

28960 ± 

2870 

24955 ± 

2344 

27417 ± 

2657 
      

            

SI 
      

0.997 0.846 0.007 <0.001 0.425 

-42 until B9 
1 7.4 ± 0.7 7.4 ± 0.9 8.6 ± 0.9 7.5 ± 0.7 

 
     

>1 6.2 ± 0.6 7.5 ± 0.7 5.7 ± 0.6 5.4 ± 0.6 

 
     

1 - 28 DIM 
1 5.5 ± 0.6 5.2 ± 0.7 6.6 ± 0.7 5.9 ± 0.6 

 
     

>1 5.5 ± 0.5 4.6 ± 0.6 4.9 ± 0.5 4.3 ± 0.5 

 
     

29 - 100 DIM 
1 4.8 ± 0.7 5.4 ± 0.8 5.1 ± 0.8 5.6 ± 0.7 

 
     

>1 4.7 ± 0.6 5.7 ± 0.7 5.1 ± 0.6 5.1 ± 0.6       

1 
Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d; 
3 

Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d; 
6
 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum; 
7
 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth; 

10
 ConA-stimulated 

peripheral blood mononuclear cells (2.5 µg/mL). 
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Figure 2. Mean viability of unstimulated, proliferation of Con A-stimulated and the 

stimulation index of peripheral blood mononuclear cells (PBMC) of primiparous (left side) 

and multiparous cows (right side) in Alamar blue assay.  

A decrease in the SI was observed on d + 3 in the case of multiparous cows. The first 

negative peak in SI of primiparous cows was observed on d + 7 and was followed by a second 

negative peak on d + 42. The SI of younger animals increased from d + 42 until + 100, 

whereas that of multiparous cows was constant during the 3
rd

 period (Figure 2, Table 5). It 

was shown that the SI of primiparous cows was elevated prepartum compared with 

postpartum values, whereas those of multiparous cows did not differ distinctly pre- and 

postpartum. However, only the SI was influenced by parity resulting in a higher SI of 

primiparous cows compared with multiparous cows (Figure 2, Table 5). 
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4. Discussion  

The present study aimed to induce differences in the energy metabolism during pre- and 

postpartum period by feeding diets differing in concentrate proportion prepartum, different 

concentrate escalation strategies postpartum and the supplementation with NA. Data of 

performance parameters and energy metabolism including concentrations of NEFA, BHBA 

and glucose were reported previously [29]. In brief, HC groups consumed more DM, had 

higher energy intakes and a more positive calculated energy balance prepartum. However, 

NEFA and BHB concentrations as well as the BCS prepartum and at parturition were not 

affected. Prepartum dietary energy supply and NA supplementation had only minor effects on 

milk performance, and no effects on energy metabolism postpartum [29].  

To our best knowledge, this is the first study investigating the effects of long-term NA 

supplementation on immunological, hematological and biochemical variables of 

periparturient dairy cows with special emphasis on primiparous and multiparous cows. Main 

findings of the present study were: 1) non-rumen protected NA increased serum NAM 

concentrations, however without affecting metabolism and immunological state, 2) feeding a 

diet high in energy density to dairy cows in late gestation had only a limited influence on the 

metabolism and the immunological state of periparturient dairy cows 3) the periparturient 

period as well as the time of early lactation was associated with profound changes and 4) 

primiparous and multiparous cows had different cellular prerequisites and capabilities to 

respond to onset of lactation. 

 

4.1. Effects of Dietary Concentrate Level  

In an earlier study, the feeding of diets high in energy density prepartum resulted in a 

higher BCS at parturition which was associated with a higher loss in BCS and BW and a 

greater energy deficit postpartum [11]. The present experiment started 6 weeks before 

expected parturition and cows were grouped by their BCS to achieve homogenous groups 

with an average BCS of 3.1 ± 0.1 [29]. The present study with its selected feeding strategies 

however failed to affect the BCS, the energetic profile and the extent of postpartum lipolysis 

[29]. Contrarily, Schulz, et al. [10] conducted a similar feeding trial, but they grouped the 

animals by a higher and lower BCS; cows higher in BCS received a diet high in energy 

density (7.7 MJ NEL/ kg DM) additionally. Those cows had an improved milk performance 

postpartum concomitant with elevated NEFA concentrations and higher GOT activities 

during the first two weeks of lactation [10]. The period of 6 weeks before parturition might be 
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too short to provoke profound differences in the metabolic profile by dietary regimen when 

fed to cows similar in BCS. The absence of effects on production performance and energy 

metabolism might be one explanation for the lack of profound effects of the dietary 

concentrate proportion on investigated parameters of the present study.  

4.2. Effects of NA Supplementation 

The dietary supplementation with 24 g NA/d elevated present serum NAM concentrations 

which reveals that an extra supply of NA and the use of non-rumen protected NA is able to 

boost physiologic NAM concentrations in the serum of periparturient dairy cows.  

The statements about NAM concentrations in times of NA supplementation in the literature 

are highly variable. Serum NAM concentrations were between 0.36 to 0.52 mg/L when 

supplementing 6 g non-rumen protected NA [34], 1.65 µg/mL [35] and 0.6 until 1.3 µg/mL 

[27] when supplementing 12 or 24 g rumen protected niacin/d, respectively. Those 

concentrations were quite lower, when converted to 24 g NA/d used in the present study. 

Niehoff, et al. [34] observed that serum NAM concentrations increased with increasing 

concentrate proportions, but present observations did not reveal an influence of the dietary 

concentrate proportion on serum NAM concentrations.  

Morey, et al. [27] observed that 24 g rumen protected niacin/d suppressed plasma NEFA 

concentrations on 5 and 10 DIM. Those researchers detected both, NA and NAM, in the 

plasma using HPLC method. Contrary to this, NA was under the detection limit in the present 

study although using HPLC method.  

In an in vitro investigation, Kenez, et al. [28] showed that in contrast to NAM, NA was a 

potent inhibitor of the lipolytic response in bovine adipose tissue via the GPR109A receptor-

mediated pathway. Furthermore, it was stated that different immune cells express the nicotinic 

acid receptor, GPR109A, on its surface [22,23] and it was stated that a bright variety of 

biological effects are mediated via the binding of NA on this receptor [18]. Although the 

dietary NA supplementation elevated serum NAM concentrations, effects on biological, 

hematological and immunological parameters were almost missing in the present study. It 

could be hypothesized that the NA concentrations were too low to alter bovine metabolism 

and immune system and functionality, because serum NA concentrations were under the 

detection limit in the present study. Present results conceivably indicate that effects of dietary 

niacin are mainly driven by blood NA concentrations. Further, the results observed herein 

might provide evidence of a massive conversion of dietary NA to NAM. 
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4.3. Effects of Parity 

It was stated that primiparous cows experience a higher “stress level” compared with 

multiparous cows. Gonzalez, et al. [3] observed that primiparous cows experienced chronic 

stress during transition period and responded with higher cortisol concentrations after the 

administration of adrenocorticotropic hormone. Primiparous cows have a subordinated 

position when being integrated to the milking herd with far-reaching consequences for the 

welfare and health of younger animals [3]. As it was shown that glucocorticoids alter immune 

cell composition and function [3,7,36], it is worthwhile mentioning that parity-related 

differences in glucocorticoid levels imply differences in cellular perquisites and immune 

responses. Other researchers confirmed that variables of the red and white blood cell profile 

differ according to the age of dairy cows [4,8]. 

Furthermore, the ovarian steroid cycle differs between primiparous and multiparous cows 

which might account for parity-related difference in immune system. Tanaka, et al. [37] 

observed that multiparous cows ovulated firstly 17.3 ± 6.3 d after calving, whereas first 

ovulation in primiparous cows was detected 31.8 ± 8.3 d after parturition. Differences in 

sexual cycle might explain the observation that multiparous cows of the present study 

experienced a second increase in the number of granulocytes on d +14 or +21 (data not 

shown) which is also observed by Schulz, et al. [8].  

As the MCV is calculated by dividing the hematocrit by the red blood cell count, and the 

MCH by dividing the hemoglobin concentration by the red blood cell count, it is clear that 

multiparous cows showed higher MCV and MCH compared with primiparous cows in this 

study.  

The blood of primiparous and multiparous cows of the present experiment contained 

different amounts of CD4
+
 and CD8

+
 subpopulations although both were in the same stage of 

production cycle. Shafer-Weaver, et al. [6] observed that CD4
+
 subpopulations were forced to 

differentiate to TH-2 cells by cytokines which promotes humoral immunity by the secretion of 

IL-4, IL-5 and IL-10. They concluded that this, in part, skewing the immune system towards 

humoral immunity aiming to satisfy the requirements of antibody production for the newborn 

calf. As multiparous cows had higher numbers of T cell subpopulations and Mcgee, et al. [38] 

observed that multiparous cows show a higher colostrum yield compared with primiparous 

cows, one reason for the parity related differences in cellular properties might be founded in 

the degree of antibody production for colostrum. Furthermore, these differences in cell-

mediated immunity provide parity-related differences in the capability to respond to 
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periparturient changes. Especially in multiparous cows, the proportions of CD8
+
 cells 

decreased on d -3 and +3, whereas the ratio of CD4
+
/CD8

+
 was elevated. Anderson, et al. [36] 

detected a transient decrease of the proportions of CD8
+
 cells and a transient increase of the 

proportions of CD4
+
 cells and the ratio of CD4

+
/CD8

+
 after glucocorticoid treatment. 

Together with our findings this may indicate that lymphocyte subpopulations of both parities 

behave differently to periparturient endocrine changes resulting in differences in the 

sensitivity and functional response. Furthermore, differences in the energetic profile may 

strengthen those differences as it is shown that blood metabolites like BHB and NEFA alter 

immune cells and their function [8,14]. Mehrzad and Zhao [39] determined that the 

CD4
+
/CD8

+
 ratio was above 4 in pluriparous cows and they stated that older cows suffer from 

a dysregulated immune status. However, this cannot be confirmed by present results as the 

ratio of CD4
+
/CD8

+ 
was not affected by parity. This suggests that exogenous and endogenous 

changes normally occurring around parturition have more influence on the immune status 

than aging and that both parities have their own mechanism to adapt to those changes.  

Based upon results, the PBMC of both parity-groups behaved differently in periparturient 

period which disagrees with observations of Renner, et al. [40]. The more pronounced 

decrease in SI in multiparous cows of the present study indicated that PBMC of primiparous 

cows had a higher ability to response to mitogens closely around parturition, although the 

basal PBMC viability of multiparous cows was higher at this time. Judging from the present 

results, this might be attributed to the more pronounced NEB at parturition accompanied by 

higher BHB concentrations in multiparous cows compared with primiparous cows [29]. 

Several authors showed that increased NEFA and BHB concentrations diminish 

responsiveness of immune cells [8,14]. The SI of primiparous cows showed a nadir on d + 42 

which almost agrees with observations of Renner, et al. [40] who detected lowest SI on d + 49 

after parturition.  

Despite sequential changes, the SI of primiparous cows showed a higher response capacity 

throughout the present experiment compared with multiparous cows. Although primiparous 

cows showed a lower energy balance prepartum, it was higher postpartum compared with that 

of multiparous cows [29] assuming that the more tensed metabolic situation around 

parturition of multiparous cows had long-lasting consequences on the immune function. 

Furthermore, glucose availability is necessary for an proper immune response [19] and as 

primiparous cows had higher glucose concentrations prepartum and slightly higher 
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concentrations postpartum compared with multiparous cows in the present study [29], they 

might have better prerequisites for adequate response capacity.  

4.4. Effects of Time 

Variables of the red blood cell profile [8,15,16] followed patterns also determined in 

previous studies investigating the periparturient period of dairy cows.  

The increase of granulocyte counts towards parturition was also observed previously 

[7,8,16] and might be due to an impaired trans-capillary migration capacity [12]. 

Glucocorticoids induce the down-regulation of the expression of adhesion molecules on 

neutrophils surface resulting in the de-margination and a reduced migration capability of 

neutrophils [12]. Furthermore, it was shown that glucocorticoids stimulate the release of 

circulating immature neutrophil granulocytes from bone marrow [12], in all, inducing 

neutrophilia. Results of Ster, et al. [5] indicated that the oxidative burst of PMNL seemed to 

be less sensitive to NEFA and they stated that the high concentrations of pro-inflammatory 

cytokines naturally occurring around parturition may stimulate PMNL functions despite the 

presence of high NEFA concentrations. Thus an increase in granulocyte counts may support a 

sufficient capacity of immunological defense in the periparturient dairy cow. The 

periparturient period is associated with high cortisol concentrations which peak at parturition. 

This is due to several exogenous changes such as management and nutrition as well as 

endogenous changes such as the physiological adaption from late pregnancy to early lactation, 

both resulting in a higher “stress level” associated with the release of cortisol [6,7,9,36]. The 

use of the synthetic glucocorticoid dexamethasone influences the composition of T 

lymphocyte subpopulations and their functions [17,36]. In this sense, it is likely that a part of 

the observed changes may be explained by changes in cortisol concentrations naturally 

occurring around parturition. Observed proportions of CD4
+
 and CD8

+
 cells and their time-

dependent changes were, to a large extent, congruent with previous observations [2,17].  

Similar to observations of Meglia, et al. [2] and Van Kampen and Mallard [17], the 

proportions of CD4
+
 and CD8

+
 were higher postpartum compared with prepartum 

proportions. Present results showed a decrease in the cell-mediated immunity in week - 1 and 

+ 1, because the percentage of CD4
+
 and CD8

+
 cells decreased and the results of the ex vivo 

experiments revealed a decreased functionality of T lymphocytes at this time as might be 

deduced from the decreased SI around parturition. This may indicate that the immune system 

of periparturient dairy cows is adjusted to humoral immunity which is confirmed by results of 

Shafer-Weaver, et al. [6]. These researchers observed that CD4
+
 subpopulations are impelled 
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to act as TH-2 cells rather than TH-1 cells at parturition; and they stated that endocrine changes 

further promote these modifications. The shift towards TH-2 cells may favor the susceptibility 

to diseases, because cytokines secreted by TH-2 cells may influence important cell-mediated 

defense mechanisms negatively [6].  

Despite lower proportions of T lymphocytes in early lactation, T lymphocytes are more 

activated at this time [6]. However, present results cannot be used to make a statement about 

T cell differentiation and cytokine profile which needs to be clarified in further investigations.  

It has recently been shown that the ratio of CD4
+
/CD8

+
 provides information about the 

immune status and further predicts the risk of aging-related diseases and mortality [41]. In the 

bovine it was shown that a ratio higher than 2 indicates a proper immune status [42]. Present 

results indicate that the ratio of CD4
+
/CD8

+ 
showed nearly stable values varying from 2 to 2.5 

from d +42 until the end of the experiment. This observation provides evidence that a 

balanced metabolic situation influence immune status positively and that a CD4
+
/CD8

+
 ratio 

of 2 to 2.5 is a good threshold for indicating a proper immune status. However, Mehrzad and 

Zhao [39] suggested that a CD4
+
/CD8

+
 ratio above 4 displays immunological dysregulation 

which might be confirmed by the present observations of an elevated CD4
+
/CD8

+
 (above 2.5) 

closely around parturition.  

Results of the present study showed that the basal metabolic activity of PBMC was 

stimulated closely around parturition although the responsiveness of PBMC to mitogenic 

stimuli was impaired. This might be caused by changes in subpopulations and their cytokines 

as discussed before, but the exact reasons require further investigation. In a study conducted 

by Renner, et al. [13] the SI of primiparous cows was higher prepartum compared with the 

first day postpartum. This was also observed in the present study in both parity groups. 

Lacetera, et al. [14] stated that the functionality of PBMC represented by DNA synthesis, 

IgM secretion as well as IFN-ɣ production, was moderately depressed when NEFA 

concentrations exceed 0.5 mmol/L. Furthermore, results of Ster, et al. [5] and Lacetera, et al. 

[26] confirmed observations that the functionality of PBMCs depends on circulating NEFA 

concentrations. The present decrease in SI might also be a consequence of elevated NEFA 

concentrations as those concentrations were higher than 0.5 mmol/L in both parity-groups at 

this time [29]. The transition period is a multifactorial approach for dairy cows assuming that 

changes in the proliferation capacity and the functionality of other immune cells might also be 

a result of changes in bioenergetic demands of immune cells and fluctuating nutrient 

availability during the periparturient period. 
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The immunological response to an inflammatory stimulus induces shifts in cellular 

metabolism to satisfy increased nutrient requirements [19]. For example, the activation of T 

cells stimulates a switch from oxidative phosphorylation to enhanced glycolysis. To fulfill the 

high glucose demand, the expression of glucose transporter 1 is enhanced aiming to satisfy 

the requirements and providing carbon for biosynthetic precursors [19]. As shown above, 

glucose plays an important role in immune cell metabolism and the decrease in glucose 

concentration around parturition [29], may also be a factor influencing the SI of PBMC and 

other immune cells around parturition. Furthermore, Anderson, et al. [36] observed that the 

proliferation of phytohaemagglutinin-stimulated PBMC was markedly depressed by 

dexamethasone treatment. Therefore, this may suggest that the high levels of cortisol around 

parturition [7] also influence the functionality of PBMC. It has recently been shown that the 

SI increases with progressed lactation [13] which seems to be the result of normalized NEFA 

and BHBA concentrations or increasing glucose concentrations reflecting a balanced 

metabolic status and a sufficient nutrient availability [29]. 

5. Conclusions  

An important message of this study is that feeding a diet high in concentrate proportion 

and energy-density for the last 6 weeks of pregnancy to dairy cows similar in BCS has only 

limited effects on the immunological and hematological system as well as the metabolism. 

Furthermore, the supplementation of non-rumen protected NA increases serum NAM 

concentrations, but has no major effects on investigated parameters. 

Present results strengthen the considerations that the periparturient period is the most 

stressful period for dairy cows, because a lot of exogenous and endogenous changes occur 

which affect the immune system. However, on the basis of the present results a massive 

immunosuppression around parturition could not be confirmed. But, it has to be kept in mind 

that only a small part of the whole was investigated in the present study. In all, present results 

gain more insights in the biology of periparturient primiparous and multiparous cows. It is 

shown that cellular prerequisites and functional capacities depend massively on the age and 

the energy balance of dairy cows. There is still need for further research to understand the 

complex connection of endocrine system, metabolism, immune system and immune 

functionality in periparturient dairy cows. Additionally, the special focus on primiparous and 

multiparous cows is indispensable to establish appropriate measures aiming to increase 

periparturient health and productivity.   
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Supplementary Materials 

Table S1. The effects of different nutritional levels prepartum and nicotinic acid 

supplementation (24 g/d) on serum activities of glutamic-oxaloacetic-transaminase (GOT), 

gamma-glutamyl transferase (ɣ-GT) and glutamatedehydrogenase (GLDH) of primiparous 

and multiparous cows during late gestation, periparturient period and early lactation 

(LSMeans ± SE). 

Item 

 Diet  P-value 

P1 
LC- 

CON2 

LC- 

NA3 

HC- 

CON4 

HC- 

NA5  
C6 S7 P1 T8 

C*S*

P*T 

GOT, U/L 
      

0.032 0.022 0.726 <0.001 0.781 

-42 until B9 
1 58.4 ± 10.4 58.9 ± 11.5 51.8 ± 12.6 75.6 ± 10.4 

 

     

>1 46.0 ± 8.9 71.8 ± 9.6 55.9 ± 7.7 72.0 ± 8.9 
 

1 - 28 DIM 
1 77.5 ± 10.2 74.3 ± 11.4 70.3 ± 11.4 100.2 ±10.2 

 
>1 67.3 ± 8.6 96.3 ± 9.3 90.8 ± 7.6 100.3 ± 8.6 

 

29 - 100 DIM 
1 84.8 ± 10.3 80.0 ± 11.4 91.1 ± 11.4 100.8 ±10.2 

 
>1 73.3 ± 8.6 80.1 ± 9.4 97.0 ± 7.6 93.3 ± 8.6 

 
            
ɣ-GT, U/L 

      
0.384 0.061 0.002 <0.001 0.066 

-42 until B9 
1 16.2 ± 3.6 20.4 ± 4.0 16.2 ± 4.1 17.6 ± 3.6 

 

     

>1 18.3 ± 3.0 22.2 ± 3.3 20.6 ± 2.7 24.1 ± 3.0 
 

1 - 28 DIM 
1 18.7 ± 3.5 22.9 ± 3.9 20.6 ± 3.9 21.2 ± 3.5 

 
>1 18.2 ± 3.0 30.9 ± 3.2 31.5 ± 2.6 27.3 ± 3.0 

 

29 - 100 DIM 
1 20.0 ± 3.5 24.9 ± 3.9 25.0 ± 3.9 26.0 ± 3.5 

 
>1 25.6 ± 3.0 40.6 ± 3.5 35.4 ± 2.6 34.6 ± 3.0 

 
            
GLDH, U/L 

      
0.826 0.492 0.301 <0.001 0.867 

-42 until B9 
1 6.9 ± 8.4 9.9 ± 9.3 6.6 ± 9.7 7.7 ± 8.4 

      
>1 7.4 ± 7.2 12.0 ± 7.8 11.0 ± 6.2 12.3 ± 7.2 

 

     
1 - 28 DIM 

1 8.9 ± 8.3 25.2 ± 9.2 16.4 ± 9.3 12.8 ± 8.3 
 

>1 17.2 ± 7.0 33.3 ± 7.5 25.2 ± 6.1 16.7 ± 6.9 
 

29 - 100 DIM 
1 21.9 ± 8.3 40.3 ± 9.2 43.5 ± 9.2 38.3 ± 8.2 

 
>1 37.7 ± 7.0 34.8 ± 7.5 43.1 ± 6.1 31.3 ± 6.9       

1 
Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d; 
3 

Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d; 
6
 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum; 
7
 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth. 
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Table S1. The effects of different levels prepartum and nicotinic acid supplementation (24 

g/d) on total protein (TP), albumin (ALB), urea, triglyceride (TAG) and cholesterol (CHOL) 

concentrations of primiparous and multiparous cows during late gestation, periparturient 

period and early lactation (LSMeans ± SE). 

Item 

 Diet 

 

P-value 

P1 
LC- 

CON2 

LC- 

NA3 

HC- 

CON4 

HC- 

NA5 
C6 S7 P1 T8 

C*S*

P*T 

TP, g/dL       0.742 0.801 <0.001 <0.001 0.001 

-42 until B9 
1 62.0 ± 1.9 65.6 ± 2.0 62.3 ± 2.1 61.2 ± 1.9       

>1 70.8 ± 1.6 72.9 ± 1.7 71.4 ± 1.4 71.4 ± 1.6       

1 - 28 DIM 
1 73.0 ± 1.8 69.1 ± 2.0 68.6 ± 2.0 69.6 ± 1.8       

>1 71.1 ± 1.5 74.4 ± 1.7 78.4 ± 1.3 73.9 ± 1.5       

29 - 100 DIM 
1 68.4 ± 1.8 71.8 ± 2.0 69.8 ± 2.0 70.1 ± 1.8       

>1 75.1 ± 1.5 75.9 ± 1.7 75.6 ± 1.3 73.8 ± 1.5       

            
ALB, g/dL 

      
0.516 0.176 0.102 0.036 0.054 

-42 until B9 
1 34.9 ± 0.8 37.6 ± 0.8 35.1 ± 0.9 34.8 ± 0.8 

 

     

>1 34.9 ± 0.7 35.2 ± 0.7 36.9 ± 0.6 36.4 ± 0.7 
 

1 - 28 DIM 
1 35.0 ± 0.7 35.2 ± 0.8 32.7 ± 0.8 35.0 ± 0.7 

 
>1 35.0 ± 0.6 34.2 ± 0.7 36.3 ± 0.6 36.4 ± 0.6 

 

29 - 100 DIM 
1 34.4 ± 0.8 36.4 ± 0.8 33.7 ± 0.8 35.7 ± 0.7 

 
>1 35.2 ± 0.6 34.7 ± 0.7 37.0 ± 0.6 35.8 ± 0.6 

 
            

Urea, mg/dL       0.404 0.586 0.042 0.661 0.034 

-42 until B9 
1 26.9 ± 2.4 30.5 ± 2.7 29.1 ± 2.8 31.6 ± 2.4       

>1 26.6 ± 2.1 34.4 ± 2.3 34.5 ± 1.8 38.0 ± 2.1       

1 - 28 DIM 
1 31.7 ± 2.4 34.3 ± 2.7 29.8 ± 2.7 33.6 ± 2.4       

>1 26.3 ± 2.0 33.3 ± 2.2 31.9 ± 1.8 28.7 ± 2.0       

29 - 100 DIM 
1 27.9 ± 2.4 31.9 ± 2.7 30.3 ± 2.7 29.7 ± 2.4       

>1 32.7 ± 2.0 32.6 ± 2.2 31.4 ± 1.8 27.8 ± 2.0       

            
TAG, mg/dL       0.527 0.670 0.467 <0.001 0.522 

-42 until B9 
1 22.6 ± 1.1 22.8 ± 1.2 20.7 ± 1.3 22.2 ± 1.1       

>1 22.9 ± 0.9 24.1 ± 1.0 21.2 ± 0.8 21.2 ± 0.9       

1 - 28 DIM 
1 10.2 ± 1.1 10.1 ± 1.2 9.7 ± 1.2 9.5 ± 1.1       

>1 10.4 ± 0.9 9.6 ± 1.0 11.1 ± 0.8 11.1 ± 0.9       

29 - 100 DIM 
1 10.4 ± 1.1 11.2 ± 1.2 10.8 ± 1.2 11.1 ± 1.1       

>1 10.9 ± 0.9 10.5 ± 1.0 11.4 ± 0.8 11.7 ± 0.9       
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Table S2 Cont. 

Item 

 Diet  P-Value 

P1 
LC- 

CON2 

LC- 

NA3 

HC- 

CON4 

HC- 

NA5 
 C6 S7 P1 T8 

C*S*

P*T 

            

CHOL, mg/dL       0.499 0.726 0.001 <0.001 0.095 

-42 until B9 
1 

81.3  

± 10.2 

93.0  

± 11.3 

89.9  

± 11.5 

106.2 

±10.2  
     

>1 77.0 ± 8.6 97.2 ± 9.4 77.5 ± 7.6 87.7 ± 8.7       

1 - 28 DIM 
1 

84.8  

± 10.0 

99.8  

± 11.2 

82.4  

± 11.2 

97.8  

± 10.0  
     

>1 85.5 ± 8.5 110.4 ± 9.2 77.9 ± 7.5 97.8 ± 8.5       

29 - 100 DIM 

1 
142.6  

± 10.1 

169.0  

± 11.2 

152.8 

± 11.2 

171.6  

± 10.0  
     

>1 
134.8  

± 8.5 

183.8  

± 9.2 

133.4  

± 7.5 

158.0  

± 8.5  
     

1 
Parity; 1 = primiparous cows (LC-CON: n = 5; LC-NA: n = 4; HC-CON: n = 4; HC-NA: n = 5) and >1 = 

multiparous cows (LC-CON: n = 7; LC-NA: n = 6; HC-CON: n = 9; HC-NA: n = 7); 
2
 Low concentrate diet plus 

control concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After 

parturition the concentrate allowance increased from 30% to 50% within 16 d; 
3 

Low concentrate diet plus 24 g 

nicotinic acid/d (42 d prepartum until 24 DIM). Concentrate to roughage ratio 30:70 prepartum. After parturition 

the concentrate allowance increased from 30% to 50% within 16 d; 
4
 High concentrate diet plus control 

concentrate (42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the 

concentrate allowance increased from 30% to 50% within 24 d; 
5
 High concentrate diet plus 24 g nicotinic acid/d 

(42 d prepartum until 24 DIM). Concentrate to roughage ratio 60:40 prepartum. After parturition the concentrate 

allowance increased from 30% to 50% within 24 d; 
6
 Concentrate proportion. Low concentrate diet (30% 

concentrate) or high concentrate diet (60% concentrate) either associated with a time-dependent increase of 

concentrate proportion up to 50% postpartum; 
7
 Supplementation. Concentrate premix containing nicotinic acid 

(24 g of NA/d and cow) or control concentrate (0 g of NA/d and cow); 
8
 Period. 1st period: d -42 until 

parturition; 2nd period: 1 until 28 DIM; 3rd period: 29 until 100 DIM; 
9
 The day of birth. 
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 Abstract: The present study aimed to examine the effective systemic bioavailability of 

niacin—with particular focus on its galenic form—and feed processing. Experiment 1 was 

conducted with 35 dairy cows to investigate the effects of various doses of oral supplemented 

nicotinic acid (NA) either in differing galenic forms (non-rumen protected (nRP) vs. rumen 

protected form (RP)) on serum niacin concentrations. Experiment 2 was designed as a 

pharmacokinetic study examining the serum niacin kinetics over 24 h after giving a single 

oral bolus of 24 g nRP or RP NA admixed in either pelleted or ground concentrate. In both 

experiments, only the niacin vitamer nicotinamide (NAM) was detected. Results of 

experiment 1 showed that both galenic forms at a dose of 24 g/cow daily elevated NAM 

concentrations at the beginning of the experiment. Despite a daily supplementation, NAM 

concentrations decreased continuously towards the end of the experiment which was more 

steeply in nRP NA (p = 0.03). On experimental day 21, NAM concentrations were higher 

when feeding RP NA (p = 0.03) and the highest dose (24 g/day and cow) (p < 0.01). Results 

of experiment 2 indicated that nRP and RP were characterized by similar pharmacokinetic 

profiles resulting in similar areas under the curves as a net result of the kinetic 

counterbalancing alterations. Pelleting seemed not to influence the relative bioavailability. 

 

Keywords: dairy cow; niacin; bioavailability; feed processing; pharmacokinetic 

1. Introduction  

Niacin (vitamin B3) and its vitamers nicotinamide (NAM) and nicotinic acid (NA) are 

important for the synthesis of the coenzymes NAD and NADP which are involved in a large 

number of biological pathways [1]. The NRC [2] declared the requirement of niacin for a 

lactating cow with a body weight of 650 kg and 35 kg milk yield with 289 mg per day and it 

was shown that ruminants are capable of covering these requirements from different sources. 

On the one hand, feedstuffs containing niacin and the synthesis from tryptophan and 

quinolinic acid via salvage and de novo pathway provide one source for covering niacin 

requirements [1,3]. On the other hand, Santschi, et al. [4] determined a ruminal niacin 

synthesis of 2213 mg niacin per day in multiparous and fistulated Holstein cows (between 29 

and 178 days in milk (DIM); milk production 27.7 ± 1.4 kg/d).  

Niacin and its vitamers have recently attracted increased interest as feed additives due to 

their promising targets for diverse effects on bovine metabolism. It was shown that feeding 

additional niacin as nicotinic acid (6–12 g niacin/d) influenced the ruminal ecosystem like the 
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stimulation of the microbial protein synthesis [5], the increase of total protozoal counts [6,7] 

and the increase of butyric acid, valeric acid, propionic acid, and ammonia [5–8]. It was stated 

that the supplementation with NA increase the milk yield [9] and induce shifts in the milk 

composition [10–12]. Furthermore, NA as feed additive was suggested to balance catabolic 

metabolism postpartum, because it was shown that NA is able to stimulate GPR109A receptor 

resulting in a down-regulation of the lipolysis via the dephosphorylation of the hormone-

sensitive lipase in adipose tissue [13].  

Santschi, et al. [4] stated that non-rumen protected (nRP) niacin is massively degraded 

within the rumen. To improve rumen stability of supplemented niacin and therefore increase 

duodenal bioavailability, new vitamin encapsulation techniques were developed. However, 

results of studies investigating the effects of rumen protected (RP) NA on bovine metabolism 

and production were also highly variable [14,15] rising the question whether the rumen 

protection results in an increased or compromised systemic niacin bioavailability.  

Because there are no studies comparing the pharmacokinetics of nRP and RP, the present 

study was conducted employing a feeding experiment (Experiment 1) and a pharmacokinetic 

approach (Experiment 2) in order to assess the systemic niacin bioavailability. Moreover, as 

concentrate feed is often used in a pelleted form for technical reasons, this feed processing 

step was additionally addressed in Experiment 2. 

2. Experimental Section  

In accordance with the German Animal Welfare Act, pertaining to the protection of 

experimental animals and approved by the Lower Saxony State Office for Consumer 

Protection and Food Safety (LAVES), Oldenburg, Germany, two experiments were carried 

out at the experimental station of the Institute of Animal Nutrition, Friedrich-Loeffler-

Institute (FLI), Brunswick, Germany.  

The basal diet of both experiments consisted of 30% concentrate and 70% roughage 

mixture on dry matter (DM) basis and was provided as partial mixed ration (PMR). The 

roughage mixture was composed of 60% maize silage and 40% grass silage and cows were 

fed at 5:30 a.m. and 3:00 p.m. daily. 

The nRP (Niacin feed grade, Lonza Ltd., Basel, Switzerland) and the RP NA (Niashure 

rumen protected niacin, Balchem Corporation, New Hampton, NY, USA) were included into 

the pelletized or ground concentrate compromising 12 g NA/kg. For this reason 12.1 g nRP 

and 18.5 g RP NA were added per kg concentrate.  
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2.1. Animals and Treatments in Experiment 1  

Thirty-five late-lactating dairy cows (241 ± 25 DIM) were distributed to one of seven 

dietary treatment groups. The experiment lasted 21 days and the animals were allocated with 

regard to lactation number (2.9 ± 0.1), milk yield (27 ± 1 kg/d), and body weight (653 ± 21 

kg) resulting in nearly homogeneous groups of five animals each. The cows were kept in a 

free stall barn with slatted floors and cubicles covered with rubber mats. The factors studied 

were: (1) the dose of the NA supplement (6, 12, or 24 g NA/d and cow) and (2) the galenic 

form of the NA supplement (non-rumen protected (nRP) vs. rumen protected (RP)). 

Treatment groups of the experiment were: no additive (CON); daily supplementation of 6 g 

nRP NA (6_nRP); 12 g nRP NA (12_nRP); 24 g nRP NA (24_nRP); 6 g RP NA (6_RP); 12 g 

RP NA (12_RP); 24 g RP NA (24_RP). Therefore, a complete 3 × 2 factorial design with 

three levels of NA (6, 12, and 24 g/cow and d) and two galenic forms of the NA supplement 

(nRP, RP) was tested. The additional CON group was tested to record the general 

performance level without any NA supplement.  

The PMR was provided in self-feeding stations (TYPE RIC, Insentec, B.V., Marknesse, 

The Netherlands). The dietary treatment was provided by a computerized concentrate feeding 

station (Insentec, B.V., Marknese, The Netherlands). The niacin components were included 

into the pelletized concentrate to provide daily doses of 6, 12, 24 g corresponding to 0.5, 1, or 

2 kg. The difference to the total amount of 2 kg was completed with CON concentrate. Thus, 

cows without NA supplementation received 2 kg of CON. 

2.2. Animals and Treatments in Experiment 2  

The present study was conducted in a 2 × 2 factorial design with four late-lactating cows 

(241 ± 32 DIM). The cows were fitted with a venous catheter in the Vena jugularis externa 

and had an average body weight of 544 ± 62 kg. The lactation number ranged from the first to 

the fifth lactation and the average milk yield was 25 ± 5 kg/d. Cows were kept in a tethered 

stall with neck straps. Each cow had its own trough, free access to water, and to a salt block 

containing sodium chloride throughout the experiment. Cows were given two weeks for 

adaption to housing and feeding regimen which was followed by 16 days of sampling which 

was divided into five periods. The interval between each period was at least 72 h and 

maximum 96 h.  

The factors studied were: (1) the galenic form of the NA supplement (nRP vs. RP) and (2) 

the processing form of the dietary concentrate (pellet (P) vs. meal (M)).  
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Each cow received each dietary treatment once at the beginning of each period (5:30 a.m.). 

The dietary treatment was provided before the feeding of the PMR to ensure a complete 

uptake. Cows of the present experiment received 2 kg of nRP_P, nRP_M, RP_P and RP_M to 

ensure an uptake of 24 g NA. In the following days of each period, cows received a control 

ration with CON instead of a dietary treatment. Treatments of the experiment were: no 

additive (CON); bolus of 24 g nRP NA in pelleted concentrate (nRP_P); bolus of 24 g nRP 

NA in ground concentrate (nRP_M); bolus of 24 g RP NA in pelleted concentrate (RP_P); 

bolus of 24 g RP NA in ground concentrate (RP_M).  

2.3. Data Collection and Analysis  

The concentrate intake of the animals was recognized individually via an ear transponder, 

whereas the intake of the PMR was recorded per group in experiment 1. In experiment 2, feed 

refusals of the individual feed toughs were removed and weighted daily.  

Cows of both experiments were milked twice daily at 5:30 a.m. and 3:30 p.m. The body 

weight was detected automatically after each milking when leaving the milking parlour in 

experiment 1. In experiment 2, cows were weighed at the beginning and the end of the 

experiment. Milk samples of experiment 1 were collected twice a week during the morning 

and afternoon milking and were fixed with Bronopol and stored at 8 °C until analysis. The 

milk samples were analyzed for fat, protein, and lactose using a milk analyzer based on 

Fourier transform infrared spectroscopy (Milkoscan FT 6000, Foss Electric, Hillerød, 

Denmark) and combined with a flow cytometric measurement for somatic cell count analysis 

(Fossomatic 500, Foss Electric, Hillerød, Denmark).  

Samples of roughages were taken two times weekly, whereas samples of concentrates were 

taken once a week. Samples were pooled over approximately four weeks. Feed samples were 

dried at 60 °C for 72 h and ground before analysis. Dry matter, crude ash, crude fiber, crude 

protein, ether extract, neutral detergent fiber, and acid detergent fiber in maize and grass 

silage and concentrates were analyzed according to the methods of the Association of German 

Agricultural Analytic and Research Institutes (VDLUFA) [16]. To ensure the intended 

concentrate to forage ratio, the DM of the forages were determined twice a week in both 

experiments. 

Blood sampling started at 7:30 a.m. and cows were captured in a self-locking fence in 

experiment 1. Blood was taken out of the Vena jugularis externa, on experimental day 0, 1, 3, 

6, 10, and 21 of the groups 24_nRP and 24_RP, while those of the other groups were only 

taken on day 21.  
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Blood was taken out of the catheterized Vena jugularis externa in experiment 2. The zero-

blood sample of each period was collected at 5:00 a.m., 30 min before the morning feeding. 

Further blood samples were taken 60, 120, 180, 240, 300, 360, 480, 600, 720, and 1440 min 

after zero-blood sampling.  

2.3.1. Dietary Niacin Content  

The content of niacin in the feedstuffs were calculated based on table values [2,18] and on 

the information of the niacin manufacturers.  

2.3.2. Blood Niacin Concentrations  

Blood samples of both experiments were centrifuged at 3000× g for 30 min at 15 °C and 

the serum obtained was stored at − 0 °  until analysis. Serum samples were analyzed for the 

concentrations of NAM and NA using HPLC. At first, samples were thawed at 20 °C and then 

homogenized which was followed by protein precipitation and fat extraction using ice cold 

ethanol and n-hexan. After centrifugation at 14,000 rpm, the supernatant was transferred into 

an amber flask and evaporated in a nitrogen stream at 40 °C and the residue was dissolved in 

150 μL of the aqueous mobile phase A. After filtration (syringe filters, 0.45 μm, PVDF, 

amchro GmbH) 20 μL of the filtrate were injected automatically into a HPLC system (model 

SCL-10A controller, model LC-10AS pump, model SIL-10AC autosampler, model CTO-

10AC oven; Shimadzu, Kyoto, Japan). Samples were run through a C18 column (Insertil 

ODS, 150 × 3 mm, 5 μm particle size, 150 Å pore size) by using a binary gradient system at a 

flow rate of 0.4 mL/min. The composition of mobile phase A was 10 mM sodium 1-

hexanesulfonate monohydrate in ultrapure water at a pH of 2.3, while mobile phase B was 

100% acetonitrile. The gradient profile started with 100% mobile phase A for 10 min, 

followed by a linear decline to 97% during 10 min and to 60% mobile phase A within the next 

2 min. During the following 10 min the system returned to the initial conditions. 

Quantification of NAM and NA was done simultaneously by a multi wavelength detector at a 

wavelength of 260 nm. The retention times of NA and NAM were 13.5 min and 18.7 min, 

respectively. For preparation of standard solutions NA and NAM from Sigma-Aldrich 

(Steinheim, Germany) was used. Stock solutions (400 μg mL
−1

) were prepared in bi-

distillated water and stored at −20 ° . Mixed standard working solutions in the range of 0.20–

2.00 μg mL
−1

 were obtained by dilution of stock solutions with mobile phase A directly 

before use. Quantification was performed comparing peak area with standard curves. 
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2.4. Calculations and Statistics 

Fat-corrected milk (FCM) was calculated following Gaines [19]: 

  FCM (kg/d) = (( milk fat ∙ 0.15)   0.4) kg milk yield   (1) 

2.4.1. Experiment 1  

For analyzing the performance parameters PROC MIXED procedure of the SAS-software 

package (SAS Enterprise Guide 6.1) was used. Data were analyzed in two steps. First, all 

experimental groups were considered as separate treatments irrespective of further possible 

classification traits resulting in a one-factorial design with the treatment group (N = 7) as 

fixed factor. Secondly, the CON group was excluded from data evaluation to enable the more 

powerful examination of the pooled effects of NA dose (6, 12 or 24 g) and of the galenic form 

of the NA supplements (nRP or RP) resulting in a complete 3 by 2 two-factorial design with 

NA dose, galenic form and their interactions as fixed factors.  

For both evaluation strategies, the frequent time-dependent measurements during the 

experiment for each individual cow were considered as repeated measures where applicable 

(24_RP; 24_nRP). After testing various structures for the model, the first order autoregressive 

(ar(1)) showed the lowest Akaike information criterion.  

For assessing the serum niacin concentrations of 6_nRP, 12_nRP, and 24_nRP as well as 

6_RP, 12_RP, and 24_RP on day 21, the PROC MIXED procedure of the SAS-software 

package (SAS Enterprise Guide 6.1) was used and the dose (6, 12, or 24 g) and the galenic 

form of the NA supplement (nRP or RP) and the interaction between those factors were set as 

fixed effects.  

For time-sequence data of 24_nRP and 24_RP, linear regression analysis and subsequent 

slope comparisons were performed using the PROC MIXED procedure of the SAS-software 

package (SAS Enterprise Guide 6.1) to investigate the time-depending blood profiles between 

24_nRP and 24_RP during the three week feeding period. In particular, the model included 

the galenic form as fixed factor and the experimental day as a covariate with the galenic form 

nested in the covariate to enable estimating linear regression coefficients (slopes) for both 

galenic forms which characterize the blood NAM changes over time. The individual animal 

was handled as a random factor to consider similarity within individuals. The difference 

between both regression slopes was tested for significance using the “ESTIMATE” statement. 
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2.4.2. Experiment 2 

For evaluating the data a non-linear regression model of the application STATISTICA 

(StatSoft, version 10) was used to fit the data of nRP_P, nRP_M, RP_P, and RP_M according 

to Mercer, et al. [20]: 

         
  

  
  

                       
          

 

                      
                   (2) 

where Rmax is the maximum theoretical NAM concentration, x is the apparent kinetic order, 

K0.5 is the time for ½ of Rmax and Ks, is the time indicative for the decreasing part of the 

regression. The estimated parameters were used to calculate the area under the serum 

concentration time curve (AUC) numerically by applying the trapezoidal method with the 

formula: 

                              
 

 
      

                        

 
     (3) 

with ∆timen= 0. 

The parameter Imax, the time of occurrence of Rmax, was calculated as follows: 

                 =(  s   0.5)
0.5

        (4) 

As feeding of the basal (CON) concentrate feed did not reveal a distinct systemic niacin peak 

the corresponding time-dependent blood concentrations were not fitted to Equation (2) but 

just subjected to AUC determination according to Equation (3).  

The PROC “MIXED” procedure of the SAS was used evaluating the pharmacokinetic 

parameters of the serum samples. The form of the concentrate (pellet or meal) and the galenic 

form of the NA supplement (nRP or RP) and the interaction between those factors were 

considered as fixed effects. The cow which is the subject was considered as a random effect.  

Before calculating the relative bioavailability with the following formula, the control 

feeding related AUC was subtracted from the corresponding AUCs of the other dietary 

treatments. 

                                       
                        

                                 
      (5) 

with non-rumen protected NA mixed into the concentrate and presented in a meal form 

(nRP_M) declared as the reference treatment.  

In all statistical investigations using PROC MIXED procedure of SAS, degrees of freedom of 

PROC MIXED procedure were calculated using the Kenward-Roger method. For 



PUBLICATION III 

 

 

92 

 

determination of differences between LSMeans, the probability (“PDIFF”) option was used 

applying a Tukey-Kramer test for post-hoc analysis. Differences were considered to be 

significant when F-test statistics revealed p < 0.05, whereas a tendency was noted if p < 0.10 

and p > 0.05. 

Table 1. Components, chemical composition, and content of nicotinic acid (NA) of 

concentrates and roughages offered in the present experiments. The galenic forms non-rumen 

protected (nRP) and rumen protected (RP) NA were admixed either in pelleted (P) or ground 

(M) concentrate. 

 

Concentrates  Roughages 

CON1  nRP2  RP3  C-lak4  
maize 

silage 

grass 

silage P5  P5 M6  P5 M6  P5  

Components  

(% of the original substance) 
 

  
 

  
  

 

  

  Soy extracted meal 26.0  26.0 26.0  26.0 26.0  26.0  
  

  Wheat  50.0  48.8 48.8  48.2 48.2  50.0  
  

  Maize  20.0  20.0 20.0  20.0 20.0  20.0  
  

  Mineral premix7 4.0  4.0 4.0  4.0 4.0  4.0  
  

  nRP NA8 -  1.2 1.2  - -  -  
  

  RP NA9 -  - -  1.9 1.9  -  
  

Chemical composition             

  Dry matter (g/kg) 884  885 887  889 890  884  359 300 

Nutrient (g/kg dry matter)  
 

  
 

  
   

  

  Crude ash 63  63 72  64 68  63  41 104 

  Crude protein 220  227 238  217 226  212  93 138 

  Ether extract 28  28 26  33 32  29  29 35 

  Crude fibre 43  37 35  37 36  37  175 294 

  NDF 157  180 149  167 154  202  380 519 

  ADF 45  51 49  50 49  47  199 311 

Energy10 (MJ/kg dry 

matter) 
         

 
  

  NEL  8.3  8.5 8.3  8.5 8.3  8.3  6.5 6.6 

NA11 (g/kg dry matter) 0.05  12 12  12 12  0.05  0.05 0.03 

1
CON, control concentrate. 

2
nRP, non-rumen protected nicotinic acid. 

3
RP, rumen protected nicotinic 

acid. 
4
C-lak, concentrate included in the partial mixed ration. 

5
P, pelleted concentrate. 

6
M, ground 

concentrate. 
7
Mineral premix, per kilogram: 140 g Ca, 120 g Na, 70 g P, 40 g Mg, 6000 mg Zn, 5400 

mg Mn, 1000 mg Cu, 100 mg I, 40 mg Se, 25 mg Co, 1,000,000 IU vitamin A, 100,000 IU vitamin 

D3, 1500 mg vitamin E. 
8
nRP NA, non-rumen protected nicotinic acid. 

9
RP NA, rumen protected 

nicotinic acid. 
10

Calculation based on nutrient digestibilities measured with wethers [17]. 
11

NA, 

nicotinic acid. The contents of the non-rumen protected and the rumen protected NA based on 

manufacturer information. The contents of nicotinic acid of the roughages and the remaining 

concentrates based on table values listed in Ballet, et al. [18] and NRC [2].  
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3. Results  

Only concentrations of NAM were detected in serum samples while the concentrations of 

NA was always lower than the detection limit.  

3.1. Experiment 1  

The overall performance level of the cows is reflected by the pooled average daily DMI of 

20.3 kg at the first experimental day, and 18.9 kg on day 21 of the experiment. The overall 

data evaluation revealed no significant differences between the treatment groups and the CON 

group (The mean milk yield and FCM of group CON were 25.7 ± 4.2 kg/d and 28.8 ± 4.8 

kg/d. Mean yield of milk fat, milk protein, and milk lactose were 1.2 ± 0.2 kg/d, 0.90 ± 0.11 

kg/d, 1.2 ± 0.2 kg/d, whereas mean urea concentration was 203 ± 36.8 ppm.).  

Excluding the CON group from data evaluation enabled a more powerful examination of 

the pooled variance caused by NA dose and galenic form, i.e., by evaluating the data 

according to a complete 3 (NA doses) by 2 (galenic forms) design (Table 2). However, even 

under these data evaluation conditions no significant effects of NA dose or galenic form could 

be identified for the performance parameters.  

Table 2. Effects of oral supplementation of 6, 12 or 24 g non-rumen protected or rumen 

protected nicotinic acid on lactation performance of dairy cows (Exp. 1) 

 
Dietary treatment   p- Value 

 
6_nRP1 12_nRP2 24_nRP3 6_RP4 12_RP5 24_RP6 PSEM7  F8 D9 F*D 

Milk yield (kg/d) 27.7 25.5 25.1 25.3 25.8 27.7 26.2  0.91 0.85 0.34 

Milk fat (kg/d) 1.3 1.2 1.1 1.2 1.0 1.3 1.2  0.63 0.24 0.26 

FCM10(kg/d) 30.6 27.4 27.2 29.9 26.3 29.5 28.5  0.93 0.37 0.73 

Milk protein (kg/d) 0.96 0.93 0.85 0.92 0.90 0.96 0.92  0.83 0.78 0.27 

Milk lactose (kg/d) 1.3 1.2 1.2 1.2 1.2 1.3 1.3  0.71 0.71 0.35 

Milk urea (ppm) 191 188 183 189 179 189 187  0.82 0.79 0.76 

1
6_nRP,

 
cows received 6 g non-rumen protected (nRP) nicotinic acid (NA) per day. 

2
12_nRP, cows received 12 

g nRP NA per day. 
3
24_nRP, cows received 24 g nRP NA per day. 

4
6_RP, cows received 6 g RP NA per day. 

5
12_RP, cows received 12 g RP NA per day. 

6
24_RP, cows received 24 g RP NA per day.

7
PSEM, pooled 

standard error of mean. 
8
Form, non-rumen protected (nRP) or rumen protected (RP) nicotinic acid. 

9
Dose, 6 g 

(6), 12 g (12) or 24 g (24) NA per day. 
10

FCM, fat-corrected milk yield. 

The NAM concentrations of 24_nRP and 24_RP were investigated on day 1, 3, 6, 10, and 

21. As shown in Figure 1, the serum NAM concentration decreased linearly after the first NA 

uptake in both groups which was more steeply in 24_nRP compared to 24_RP (p = 0.03).  
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As presented in Figure 2, the serum NAM concentrations were higher in RP_NA compared 

to nRP_NA (p = 0.03) and 24 g of NA resulted in the highest NAM concentrations (1.76 ± 

0.09) followed by 6 g (0.98 ± 0.20) and 12 g (0.88 ± 0.20) NA (p < 0.01) (Figure 2). 

 

Figure 1. Linear regression of the serum levels of nicotinamide during three weeks of 

feeding 24 g/d non-rumen protected (dashed line with open circles) or rumen protected 

(solid line with filled circles) nicotinic acid (NA) to dairy cows (Experiment 1). The 

slopes of the linear regressions were significantly different (p = 0.03). 

 

Figure 2. Serum nicotinamide concentrations of dairy cows following oral 

supplementation of 6, 12, or 24 g/d non-rumen protected (nRP) or rumen protected (RP) 

nicotinic acid for three weeks (Experiment 1). The serum NAM concentrations were 

influenced by the galenic form of the supplement (p = 0.03) and the dose of the 

supplement (p < 0.01), whereas the interaction between the galenic form and dose 

remained unaffected (p = 0.41). 
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3.2. Experiment 2  

Due to problems with venous catheter, not each cow received each dietary treatment. Four 

cows received CON, RP_P and RP_M, whereas three cows received nRP_P and nRP_M. It 

was ensured that no cow received the same dietary treatment twice. The daily intake of NA 

was 22.3 g NA and therefore slightly lower than the aimed 24 g. Changes in the niacin 

concentrations and in the pharmacokinetic parameters before and after oral dosing are 

illustrated in Figure 3 and listed in Table 3. 

  

Figure 3. Mean serum concentration versus time curves of 24 g non-rumen protected (nRP) 

or rumen protected (RP) nicotinic acid in dairy cows following single per os administration 

oral dosage either in pelleted (P) or ground (M) concentrate form. The arrow marks the time 

of feeding the dietary treatments (Experiment 2).  

Thirty min before oral dosing, NAM concentrations of nRP_P, nRP_M, RP_P and RP_M 

were 0.5 ± 0.2 µg/mL, 0.9 ± 0.2 µg/mL, 0.8 ± 0.2 µg/mL and 0.8 ± 0.2 µg/mL and did not 

differ between the dietary treatments. The supplementation of nRP NA resulted in higher Rmax 

values compared to RP NA (p = 0.03). Feeding nRP NA accelerate the rate of absorption (p = 

0.05), because Rmax of nRP NA occurred 1.7 h before the Rmax of RP NA (p = 0.05). Ks was 

higher when supplementing RP NA compared to nRP NA (p = 0.05). The interaction between 

the form of concentrate and the galenic form of the supplement influenced Rmax (p = 0.01) and 

K0.5 (p = 0.02). The use of nRP NA in pelleted form resulted in higher Rmax and K0.5 values 

compared to the ground form, whereas in the case of RP NA, grounding of the concentrate 

provoked an increase of Rmax and K0.5 values.  

The relative bioavailability of nRP_P, RP_P and RP_M compared to nRP_M were 95.2%, 

94.3% and 86.6%, respectively.  
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Table 3. Pharmacokinetic parameters of serum nicotinamide following administration of a 

single oral dose of 24 g non-rumen protected or rumen protected nicotinic acid either varying 

in dietary concentrate form (pelleted or ground) (Experiment 2). 

  Dietary treatment  p-Value 

Parameter Unit nRP_P
1
 nRP_M

2
 RP_P

3
 RP_M

4
  C

5
 F

6
 C*F 

B
7
 µg/mL 0.5 ± 0.2 0.9 ± 0.2 0.8 ± 0.2 0.8 ± 0.2  0.41 0.59 0.28 

k0.5
8
 h 7.2 ± 1.1 4.3 ± 0.9 4.8 ± 0.8 6.4 ± 0.8  0.45 0.85 0.02 

Rmax
9
 µg/mL 5.5 ± 0.5 3.9 ± 0.4

 
3.3 ± 0.4 4.1 ± 0.4  0.33 0.03 0.01 

Ks
10

 h 14.1 ± 3.0 19.5 ± 2.6 23.8 ± 2.3 21.0 ± 2.3  0.62 0.05 0.14 

Imax
11

 h 9.8 ± 0.9 8.8 ± 0.8 10.4 ± 0.7 11.5 ± 0.7  0.94 0.05 0.16 

AUC0-6
12

 µg/mL 8.7 ± 1.0 10.7 ± 0.9 9.1 ± 0.8 8.3 ± 0.8  0.53 0.30 0.15 

AUC6-12
13

 µg/mL 16.3 ± 0.6 16.7 ± 0.6 15.9 ± 0.5 16.5 ± 0.5  0.40 0.64 0.86 

AUC12-24
14

 µg/mL 27.4 ± 1.8 28.3 ± 1.5 28.8 ± 1.3 30.8 ± 1.3  0.31 0.19 0.69 

AUC24
15

 µg/mL 52.1 ± 2.1 55.6 ± 1.9 53.9 ± 1.7 55.7 ± 1.7  0.17 0.63 0.65 
1 

nRP_P, cows received non-rumen protected (nRP) nicotinic acid (NA) in pelleted concentrate (P). 
2
 nRP_M, 

cows received nRP NA in ground concentrate (M);
 3

 RP_P, cows received RP NA in pelleted concentrate (P). 
4
 

RP_M, cows received RP NA in ground concentrate (M); 
5
 C, dietary concentrate (pelleted (P) or ground (M)); 

6
 

F, form of the NA supplement (non-rumen protected (nRP) or rumen protected (RP));
 7

 Serum nicotinamide 

concentration at the beginning of the experiment;
 8

 k05, time for ½ Rmax; 
9
 the maximum theoretical 

nicotinamide concentration
; 10

 time indicative for the decreasing part of Rmax;
 11

 the time corresponding to 

Rmax;
 12

 Area under the curve 0 until 6 h after dosing;
 13

 Area under the curve 6 until 12 h after dosing; 
14

 Area 

under the curve 12 until 24 h after dosing; 
15 

Area under the curve after 24 h. 

4. Discussion  

4.1. General Remarks on Serum NAM and NA Levels in Bovine Blood 

Literary statements regarding circulating blood levels of niacin and the presence of its 

vitamers are highly variable. As in the present study, Niehoff, et al. [12] (6 g) also detected 

only the vitamers NAM within the blood serum when using the HPLC-method. However, 

Campbell, et al. [21] and Morey, et al. [14] also used the HPLC method for the determination 

of blood niacin concentrations, but they detected both vitamers, NAM and NA. In this respect, 

it is important to point out that those research groups used bovine plasma as matrix. 

Therefore, observed differences in plasma and serum vitamer profile might be related to the 

use of different biological matrices. This might be confirmed by the results of Rungruang, et 

al. [22] who observed that the niacin concentration varied in different biological matrices with 

being highest in whole blood followed by red blood cells and leukocytes, milk, and plasma. 

Beside the explanation of different biological matrices as a cause for the absence of NA in the 

serum of the present animals, it can further be assumed that this might be due to a rapid 

conversion of NA to NAM. Ying [1] stated that mainly NAM is used as NAD precursor and 

therefore the conversion of dietary NA to NAM might be likely.  
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4.2. Effects of NA Supplementation on Serum NAM Concentrations 

Present data reveal a dose-effect in experiment 1 with highest NAM concentrations when 

supplementing 24 g NA and lowest concentrations when supplementing 12 g NA. Present 

results disagrees with observations of Rungruang, et al. [22] who detected that plasma niacin 

concentrations increased linearly with increasing rumen protected niacin dose. A numerical 

and linear increase was obvious when supplementing nRP NA in the present study which was 

absent when supplementing RP NA. However, it remains fairly unknown why this dose-

response relationship was not observed when supplementing RP NA. One explanation might 

be that these groups suffered from a reduced feed intake which cannot be more specified due 

to the absence of information of feed intake behavior. In interpreting the blood NAM levels of 

Experiment 1, it should be considered that just spot blood samples were examined. As 

Experiment 2 clearly showed that blood NAM levels depend on time relative to intake of NA 

supplemented feed it can well be that blood samples in Experiment 1 were collected at 

varying times within the expectable time-dependent systemic NAM fluctuations. However, 

this hypothesis for explanation of the failure of a clear dose-response relationship cannot 

further elaborated as standard deviations did not vary amongst all experimental groups.  

In the study of Rungruang, et al. [22] plasma niacin concentrations were 1.23, 1.43, 1.50, 

and 1.65 μg/mL when supplementing 0, 4, 8, or 12 g to thermoneutral, lactating cows [22]. 

When using the linear regression model stated by Rungruang, et al. [22] the plasma niacin 

concentrations would increase up to 2.06 μg/mL when supplementing 24 g RP niacin to 

thermoneutral, lactating cows. Present results might confirm this prediction, as NAM 

concentrations ranged between 2.2 and 2.5 μg/mL at the beginning of experiment 1. 

Additionally, peak NAM concentrations were around 2.2 μg/mL in Experiment 2.  

In contrast to the present study, where NA could not be detected, Rungruang, et al. [22] 

stated information about plasma niacin concentrations without differing between NA and 

NAM or other vitamers. As shown by Morey, et al. [14] NA accounts only for a very small 

fraction to total blood niacin concentrations which might be confirmed by the present results 

as NA was under the detection limit. Therefore, plasma niacin concentrations observed by 

Rungruang, et al. [22] might represent mainly the vitamer NAM making those plasma 

concentrations comparable to the present results.  

Niehoff, et al. [5] and Hannah and Stern [23] suspect that there is a specific concentration 

of niacin within the rumen which regulates endogenous microbial niacin synthesis. This 

specific concentration might have regulatory functions like the inhibition of endogenous 
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niacin synthesis in times of additional niacin supply associated with increased microbial 

degradation of the oversupplied niacin and the increased synthesis of niacin by ruminal 

microorganisms in the absence of niacin supplementation. Despite the continuous 

supplementation with 24 g nRP or RP NA, present NAM concentrations decreased towards 

the end of the experiment which might be a result of exceeding this specific ruminal 

concentration [5,23]. However, results of Jaster, et al. [24] might weaken the assumption of a 

specific ruminal concentration, because those researchers observed that serum NA 

concentrations increased continuously in postpartum dairy cows when supplementing 12 g 

niacin. On the other hand, the decrease in NAM concentrations might be related to a 

decreasing DMI, because feedstuffs used in ruminant nutrition are potential sources of niacin 

[18]. One explanation for the decreased DMI might be that the cows were nearly at the end of 

gestation which is often associated with a slight decrease in DMI. However, precise 

information on the DMI of the cows of the present study is lacking, because the consumption 

of the PMR was recorded group-specific. In addition, present results indicate that NAM 

concentrations decrease also when using encapsulated NA although this decrease was not as 

pronounced as in the case of nRP NA. If this decline in RP NA is due to the fact that the 

ruminal stability of this product is not as high as declared, remains unknown.  

Therefore, present results highlight the need for future research aiming to increase the 

knowledge of relationships between oral niacin supply, feed intake, and ruminal metabolism.  

The present results of experiment 2 indicated that maximum theoretical NAM 

concentrations were higher after nRP NA supplementation. However, as the AUC24 did not 

differ between nRP and RP NA, a lower bioavailability in RP NA as a consequence of an 

incomplete release of RP NA can be excluded within the observation period of 24 h. It should 

be noticed that NAM concentrations detected after 24 h were higher than the baseline level 

before feeding the supplements. Thus, the relative bioavailability reported herein applies only 

for the kinetic processes within the first 24 h. For comparative purposes between treatments 

these limitations have to be considered. However, one has to keep in mind that nRP NA 

reached maximum theoretical NAM concentrations 1.7 h earlier than RP NA, but that K0.5 

values were higher for RP NA. The slower release of niacin from RP NA into the circulation 

combined with a longer persistence resulted in a similar AUC24 of nRP and RP NA although 

lower maximum theoretical NAM concentrations when supplementing RP NA. The present 

observations might confirm the statement mentioned above that both forms are able to affect 

serum NAM concentrations similarly. However, present results indicate different kinetic 
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parameters which suggest slight differences in the degree of release from the matrix 

(liberation), absorption, degradation within the rumen, intestinal absorption, and/or 

elimination.  

An important finding of experiment 2 is that serum NAM concentrations of both forms 

started to increase already 30 min after feeding. Recent studies showed that niacin is not able 

to accelerate liquid or particulate ruminal fractional turnover rate [6,7]. Mambrini and 

Peyraud [25] stated that the mean retention time (MRT) for ruminal liquids is 8.7 h and that 

the MRT increase with increasing particle size. It can be assumed that small amounts of 

ruminal fluid reach the duodenum within one hour. On the other hand, present results provide 

evidence that some part of absorption of both galenic forms might occur before the 

duodenum. However, to our knowledge, no study exists which focuses on ruminal absorption 

mechanisms of niacin. Nicotinic acid is a monocarboxylic acid and it was shown that NA is 

transported by a sodium-coupled monocarboxylate transporter (SLC5A8) in a mouse model 

[26]. By investigating the transcriptome of the rumen epithelium, Baldwin, et al. [27] detected 

that SCL5A8 is also present in rumen epithelium which provide indications for ruminal 

absorption mechanisms. Furthermore, there are indications that NA is transported by the 

monocarboxylate transporter-1 (MCT1) [28]. As MCT1 also exists within the rumen 

epithelium [29], ruminal absorption of NA seems likely. 

4.3. Effects on Milk Production  

Consistent with our results, Niehoff, et al. [12], Morey, et al. [14] and Aschemann, et al. 

[30], found no effect of NA on milk yield, FCM as well as milk fat, milk protein, and milk 

lactose yield. It may be concluded that the experimental time of the present study was too 

short to induce differences in milk performance, although NAM concentrations were 

moderately elevated. Another explanation is that present cows were in positive energy balance 

and as NA is able to balance enhanced lipid mobilization by the downregulation of lipolysis 

[13], it can be concluded that the absence of effects on milk production parameters is due to 

absent disturbances in energy metabolism. 

5. Conclusions  

In all, both forms are readily available for ruminant’s metabolism and are able to 

substantially affect serum NAM concentrations indicating that the ruminal degradation of 

nRP is not as massive as assumed formerly [4]. However, both experiments revealed 

significant protective effects of the encapsulated NA supplement as indicated by significantly 
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higher blood levels under ad libitum conditions (Exp. 1), in a decelerated absorption of NA 

(significantly prolonged Imax) and a significantly prolonged elimination from the systemic 

circulation (longer Ks) possibly attributable to the slower release from the NA formulation 

(Exp. 3). Therefore, results of both experiments support the view that rumen protection of NA 

increases the systemic NA availability.  

However, present results suggest that the absorption of oral supplemented nicotinic acid 

might have already start within the rumen. Therefore, investigations concerning absorption 

mechanisms should be followed up to increase the knowledge of niacin within the cow. The 

nature of the time-dependent decrease in blood niacin concentrations as well as a potential 

interaction with ruminal microorganisms needs to be elucidated in future studies where the 

level of total dry matter intake should be especially addressed as a source of variation. 
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7 GENERAL DISCUSSION 

7.1 Physiological changes during the periparturient period 

7.1.1 Alterations in production performance and metabolism  

Catecholamine-stimulated lipolysis in subcutaneous adipose tissue and retroperitoneal 

adipose tissue through phosphorylation of the HSL and perilipin is increased in early lactating 

dairy cows, whereas the lipogenetic capacity, in detail the fatty acid synthesis, is lowest at the 

same time (KENEZ et al. 2015). This is also confirmed by present results as cows suffer from 

an increased lipolytic activity postpartum mirrored by losses in BW and BCS as the BCS 

correlates positively with subcutaneous fat depth and muscle diameter (KOKKONEN et al. 

2005; VAN DER DRIFT et al. 2012).  

As a consequence of lipid mobilization, NEFA concentrations peaked at parturition 

followed by a delayed peak of BHB concentrations which has also been observed by others 

(JANOVICK u. DRACKLEY 2010; WEBER et al. 2013b). In times of increased lipid 

mobilization, hepatic genes involved in fatty acid oxidation and ketogenesis are up-regulated 

(LOOR et al. 2006; WEBER et al. 2013a). Ketogenesis and the generation of TAG within the 

hepatocytes occur when the liver is massively flooded by NEFA, the synthesis of lipoproteins 

is inadequate or the availability of oxaloacetate is limited (BELL 1995; KATOH 2002; 

ADEWUYI et al. 2005; WEBER et al. 2013b).  

Triacylglycerides are either exported out of hepatocytes as part of very low-density 

lipoproteins (VLDL) or accumulate within the hepatocytes. To release hepatic TAG, VLDL is 

formed from TAG and substances like cholesterol, cholesterol esters, apoproteins and 

phospholipids (GRUMMER 1993; RUKKWAMSUK et al. 1999; BOBE et al. 2004; 

ADEWUYI et al. 2005). When the balance between TAG formation and VLDL synthesis is 

lost, TAG accumulates massively within the liver. Present results indicate that cholesterol 

concentrations were lowest postpartum and KESSLER et al. (2014) stated that cholesterol is 

massively accumulated within the milk in the first week postpartum. This might contribute to 

an impaired VLDL formation and a reduced TAG excretion leading to hepatic lipidosis. 

Furthermore, it was stated that ruminants have a diminished capacity to form VLDL from 

cholesterol (KESSLER et al. 2014) and to secrete VLDL from the liver (GEELEN u. 

WENSING 2006; INGVARTSEN 2006).  

Several researchers showed that the liver fat content is highest in the first three weeks after 

parturition (RUKKWAMSUK et al. 1998; KALAITZAKIS et al. 2007; WEBER et al. 2013b) 
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and reach prepartum values 12 week postpartum (RUKKWAMSUK et al. 1998). This 

suggests that hepatic metabolism is relived towards mid lactation which might be due to the 

fact that hepatic gene expression of various metabolic pathways is up-regulated in early 

lactating dairy cows to facilitate adaptation to early lactation and alleviate hepatic lipidosis 

(LOOR et al. 2006; GRABER et al. 2010; WEBER et al. 2013a; KESSLER et al. 2014).  

The hepatic accumulation of TAG leads to the destruction of hepatocytes associated with 

enzyme leakage. The activities of glutamic-oxaloacetic transaminase (GOT) and glutamate 

dehydrogenase (GLDH) are used as biochemical markers for assessing hepatic lipidosis in 

ruminants (KALAITZAKIS et al. 2007; OK et al. 2013). The glutamate dehydrogenase 

activity is used as indicator for chronic liver damage and it was observed that the activity 

increased 3 to 5 weeks after the rise in GOT activity (WEMHEUER 1987). To ensure hepatic 

origin, creatine kinase should also be assessed to exclude GOT elevation as a consequence of 

muscle cell damage. However, as in the present study no cow suffered from a downer cow 

syndrome, the GOT elevation due to muscle cell damage can be excluded and might represent 

a hepatic effort. In compliance with observations of HOEDEMAKER et al. (2004), present 

GOT activities showed a transient increase during the first 2 weeks postpartum which might 

be rather an adaptation process of the liver cell turnover rate to the increased metabolic 

demands (BOSTEDT 1974).  

Although towards the end of the experiment liver enzymes provide evidence of a 

compromised cell integrity, blood metabolites like total protein and urea which represent also 

hepatic function (TOTHOVA et al. 2014) did not confirm this situation. It was observed that 

the cholesterol concentrations are related to the activity of the enzyme lecithin-cholesterol 

acyltransferase whose activity is lowest at parturition and impaired in cows with fatty liver 

(UCHIDA et al. 1995). The continuous increase of cholesterol concentrations postpartum 

might indicate that the activity of the lecithin-cholesterol acyltransferase increases as lactation 

progresses. This might indicate that cows of the present study overcame hepatic lipidosis 

towards the end of the experiment.  

Hepatic gluconeogenesis is an important metabolic pathway to meet the increased glucose 

requirements at the onset of lactation. Hepatic gene expression of most of the hepatic 

enzymes involved in gluconeogenesis increase during early lactation (LOOR et al. 2006; 

WEBER et al. 2013a) which enables an increase of hepatic glucose production by 50% 

(REYNOLDS et al. 2003). However, the low glucose concentrations observed in the present 

study indicate that the use of glucose for milk production is of paramount importance in early 
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lactating cows resulting in the inability to cover the high glucose demands during the first 100 

days of lactation.  

7.1.2 Alterations in the immune system and function  

Parturition is a stressful event for dairy cows as dairy cows experience meaningful changes 

such as changes in management, feeding, physiological and hormonal state. This is associated 

with an increase in stress hormones such as cortisol, adrenalin and noradrenalin (HYDBRING 

et al. 1999). It was shown that the type of leukocytes (monocyte, granulocyte, lymphocyte), 

its state of maturation as well as its functional characteristics are of great importance for 

immune capacity, as it was observed that immune cell subpopulations seem to have different 

sensitivities and redistribution responses to hormones (DHABHAR et al. 2012). Early stages 

of stress are associated with an overall rapid accumulation of blood monocytes, neutrophils 

and lymphocytes in the blood stream. After peak stress situation numbers of monocytes and 

lymphocytes decrease because of their increased trafficking into tissues. Interestingly, 

neutrophil granulocytes display a second recruitment into the blood stream and it was stated 

that neutrophils generally enter tissues only if they sense active inflammation (DHABHAR et 

al. 2012).   

In line with other studies, parturition was accompanied by neutrophilia (MALLARD et al. 

1998; KULBERG et al. 2002; MEGLIA et al. 2005; ORRU et al. 2012; SCHULZ et al. 2015) 

which is supposedly due to the release of stress hormones (HYDBRING et al. 1999). 

Glucocorticoids down-regulate the expression of surface adhesion molecules on the surface of 

neutrophils which cause an impaired trans-capillary migration capacity (BURTON et al. 

1995) resulting in the de-margination of those cells to peripheral circulation and in a reduced 

capability to migrate to sites of inflammation. Furthermore, glucocorticoids stimulate the 

release of circulating immature neutrophil granulocytes from bone marrow (BURTON et al. 

1995). The decrease in neutrophil numbers postpartum was also observed by others (CAI et 

al. 1994; KLINKON u. ZADNIK 1999; MEGLIA et al. 2005; ORRU et al. 2012). This is 

most likely an effect of the increased random migration ability of neutrophil granulocytes 

postpartum (CAI et al. 1994); thus enabling the migration towards the udder and reproductive 

tract to prevent inflammatory diseases postpartum (SINGH et al. 2008). Another explanation 

is that blood PMN show a higher spontaneously induced apoptosis in early lactation 

compared to mid lactation stage which might contribute to the lower functionality and lower 

numbers of those cells postpartum (VAN OOSTVELDT et al. 2001).  
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Although lymphocyte counts remained fairly constant during the periparturient period, 

lymphocytes subpopulations showed great time-dependent variations in the present 

experiment. CD4
+
 as well as CD8

+ 
cells were higher postpartum compared to late gestation. It 

was shown that the percentage of T lymphocytes in the blood stream was reduced from 45% 

in mid lactation to 20% in the periparturient period which was associated with a concomitant 

decrease in the proportion of CD4
+
 T cells and an increase in the proportion of CD8

+
 cells 

(SINGH et al. 2008). Low prepartum levels in these T cell subsets might be due to the 

migration of regulatory T cells towards the uterus during late pregnancy to regulate immune 

responses directly at the fetal-maternal interface (SINGH et al. 2008; LEBER et al. 2010). On 

the one hand, the observed increase in CD4
+
 and CD8

+ 
subsets postpartum might be a 

consequence of hormonal changes mentioned above or, on the other hand, due to an increased 

immune response attributed to an increased antigen invasion.  

Furthermore, both subsets express the leptin receptor in human CD4
+ 

and CD8
+
 T 

lymphocytes enabling a functional role of leptin in lymphocyte stimulation. It was shown that 

leptin is involved in lymphocyte stimulation by shifting the cytokine-production profile 

towards Th1 (MARTIN-ROMERO et al. 2000). The beginning of the early lactating period is 

accompanied by a state of hypoleptinemia which is directly linked to the energy balance 

(PIRES et al. 2013). It has been shown that the continuous increase in the postpartum energy 

balance is associated with an increase in leptin concentrations (MEIKLE et al. 2004; PIRES et 

al. 2013). This provides evidence that the observed time-dependent variations in CD4
+ 

and 

CD8
+
 subsets might also be contributed to the action of leptin on its receptor.   

Results of the present study indicate that the basal metabolic activity of PBMC was 

stimulated closely around parturition although the responsiveness of PBMC to mitogenic 

stimuli was impaired. This might indicate that despite a high basal viability of PBMC around 

this time, PMBC are not able to further proliferate after mitogenic stimuli indicating an 

aberrant T cell function around parturition also expressed by the low SI.  

It was stated that NEFA as well as BHB concentrations have negative effects on PBMC 

function (SATO et al. 1995; LACETERA et al. 2004; LACETERA et al. 2005) which might 

be confirmed by present observations as NEFA and BHB concentrations were elevated at the 

same time as PBMC ability to respond was lowest. Additionally, the stabilization of the 

energetic profile indicated by balanced NEFA and BHB concentrations 42 and 100 DIM 

might account for the increase in responsiveness to Con A in PBMC.  
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As shown in the present study parturition has meaningful effects on immune cell 

composition and  lymphocyte function. The dramatic increase in neutrophil granulocytes 

towards parturition can still contribute to immuno-enhancement by offering more neutrophils 

to respond to inflammatory stimuli. The question if the observed decrease in lymphocyte and 

neutrophil numbers as well as in T cell subsets immediately after parturition is indicative for 

immunosuppression might be mainly unanswered because the present study did not 

investigate the function of those cells (e.g. cytokine production). The observed decrease in 

blood cell numbers might be an adaption mechanism aiming to deliver immune cells directly 

to the site of action, thus enhancing immune function in compartments. However, the results 

of the viability assay might indicate that the proliferation capacity of dairy cows is impaired 

postpartum indicating that dairy cows were slightly immunosuppressed closely around 

parturition due to a decreased T cell function.  

7.2 Effects of prepartum feeding intensity and postpartum concentrate escalation 

strategy in periparturient dairy cows 

The present study aimed to induce different stages of postpartum lipid mobilization by a) 

feeding prepartum diets differing in concentrate proportion, and b) different postpartum 

concentrate escalation strategies. However, the present dairy cows were allocated into four 

dietary treatment groups which were nearly homogeneous in BCS and BW. 

7.2.1 Effects on the production, metabolism and immune system of late pregnant dairy cows 

Increasing the dietary energy content or feeding moderate diets for ad libitum intake is 

associated with an increase in DMI (MINOR et al. 1998; VANDEHAAR et al. 1999; 

ÄGENAS et al. 2003; RABELO et al. 2003) and a more positive energy balance (MINOR et 

al. 1998; VANDEHAAR et al. 1999; RABELO et al. 2003). In general, the feeding of diets 

high in concentrate proportion caused shifts in ruminal metabolism leading to higher 

propionate proportions (AGLE et al. 2010; SERMENT et al. 2011). As propionate is the main 

substrate for hepatic gluconeogenesis (ASCHENBACH et al. 2010) it is not astonishing that a 

high dietary energy supply is associated with the elevation of blood glucose concentrations 

(MINOR et al. 1998; DOUGLAS et al. 2006). This high nutrient availability promotes body 

fat accretion in late gestation represented by a higher BCS and BW compared to cows 

allocated to low concentrate diets or moderate energy diets for restricted consumption 

(RUKKWAMSUK et al. 1998; ÄGENAS et al. 2003; DOUGLAS et al. 2006). It was stated 

that the susceptibility for body fat deposition in response to high intake of energy-dense diets 
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appears to be dependent on a genetic predisposition for an anabolic metabolic status 

(KOKKONEN et al. 2005). This is confirmed by the results of SCHULZ et al. (2014) who 

conducted a feeding trial similar to the present. The only difference with respect to the present 

experiment was the pre-selection of the cows for a higher and a lower BCS 6 weeks 

prepartum. The cows, higher in BCS, received additionally an energy-dense diet resulting in 

sharp differences in pre- and postpartum metabolism and production. Based on these 

considerations and the present results, dietary manipulation of the BCS only seems possible 

when cows are genetically prone for body fat accretion.  

Furthermore, present results reveal the statement of  FRIGGENS et al. (2004) that there is 

a strong relationship between BCS at dry-off and BCS at parturition making manipulations of 

BCS within 6 weeks prepartum difficult. It is important to mention that the length of dietary 

treatment feeding and the pre-experimental conditions varied strongly between studies 

(ÄGENAS et al. 2003; DANN et al. 2005; DOUGLAS et al. 2006; JANOVICK u. 

DRACKLEY 2010). In contrast to the present study, the lengths of the studies which 

observed profound changes in the BCS of cows with similar BCS at the beginning of the 

examination were 56 d and longer. This might reflect that the length of the prepartum feeding 

period influences the ability to store nutrients in body tissues and is of particular interest when 

aiming to manipulate BCS at parturition. 

It is well known that dairy cattle is more prone to increase internal fat depots as compared 

to subcutaneous fat depots (WRIGHT u. RUSSEL 1984). DRACKLEY et al. (2014) observed 

that diets high in energy density lead to the replenishment of internal rather than subcutaneous 

adipose depots resulting in a similar final BCS. They concluded that internal adipose depots 

are more responsible to dietary treatments and that the visual assessment of the BCS is not 

sensitive enough for the estimation of internal adipose depots. This could also be an 

explanation for the absence of differences in BCS at parturition in the present study. 

Therefore, the use of ultrasound measurements maybe could have provided more information 

concerning the subcutaneous and internal fat depot size and could have been more productive. 

The fact that cows of HC treatment gave birth to (numerically) heavier calves (45 ± 6 kg 

vs. 47 ± 9 kg) might be another reason for the missing differences in BCS as those cows need 

more nutrients for fetal growth which diminished anabolic effects of HC feeding. This high 

nutrient demand might be an explanation for the lower blood glucose concentrations in HC 

groups and higher (numerically) NEFA concentrations prepartum which are an indicator for 

increased lipid mobilization. This tensed metabolic situation can be underlined by the present 
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observation that GOT activities were also elevated. In the study of  LI et al. (2012b) the 

mRNA level and activity of the pyruvate carboxylase, an important enzyme in hepatic 

gluconeogenesis, decreased gradually and was markedly decreased when the NEFA 

concentrations exceeded 0.5 and 1.5 mmol/L, respectively. Although, prepartum NEFA 

concentrations of the present study were lower than 0.5 mmol/L prepartum in HC group, 

present results might confirm the relationship between lipid mobilization and hepatic 

gluconeogenesis stated by LI et al. (2012b). On the other hand, the lower glucose 

concentrations might also be attributed to an increased insulin release in times of a high 

energy density in prepartum diets which improves the glucose uptake by muscle and adipose 

tissue (DOUGLAS et al. 2006; KHAN et al. 2014). 

However, current results indicate that prepartum plane of energy during the dry period did 

not affect prepartum immune cell composition or lymphocyte function which was also 

observed by MEGLIA et al. (2005). Furthermore, present results do not reveal that either 

NEFA or glucose concentrations have effects on immune cell composition, and the viability 

and the proliferative response of PBMC as those parameters were not different between LC 

and HC groups during the prepartum period. It seems likely that the alteration of immune cell 

functions is a complex interrelationship between several factors. Compared to the postpartum 

period which is associated with profound hormonal changes due to the sexual cycle 

(TANAKA et al. 2008), the hormone status of late pregnant dairy cows is nearly constant. For 

this reason it could be suggested that this stable hormone status might diminish effects of 

NEFA concentrations in late pregnant cows or, to the contrary, that hormonal changes are 

involved in the response of lymphocytes to increasing NEFA concentrations.  

7.2.2 Effects on the production, metabolism and immune system of early lactating dairy 

cows 

SCHULZ et al. (2014) observed that the feeding of prepartum diets high in energy content 

combined with a delayed acceleration of concentrate proportion postpartum lead to a 

considerable  reduction in the energy balance postpartum and the development of subclinical 

ketosis. They observed that those cows had higher milk fat content and yield, FCM and fat to 

protein ratio and a more NEB (first two weeks postpartum) associated with elevated NEFA 

and BHB concentrations postpartum. This tensed metabolic situation was associated with 

higher total lipid contents in the liver on 7 and 21 DIM. In contrast, other studies observed 

that the feeding of a higher energy diet prepartum had only minor effects on postpartum 
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performance (VANDEHAAR et al. 1999; RABELO et al. 2003; DANN et al. 2005) which 

was also observed in the present study.  

Except for pre-selecting the cows for a higher and a lower BCS prepartum and feeding 

20% instead of 30% concentrate for the LC group prepartum, the present study was conducted 

following the experimental design of SCHULZ et al. (2014). However, present feeding 

strategies did not stimulate postpartum lipid mobilization in HC group. Results of the present 

study indicate that HC cows suffered from an increased lipid mobilization and a tensed 

hepatic situation already prepartum, but an increased postpartum lipid mobilization was not 

obvious. However, the tensed hepatic situation was carried over into the postpartum period as 

indicated by elevated activities of GOT and GGT.  

The dramatic reduction at parturition combined with the slow increase of concentrate 

proportion postpartum in HC group induces a nutrient deficit at the beginning of lactation. 

This is also displayed by a lower milk production and a more negative energy balance during 

the first 4 weeks after parturition. The fact that those cows showed lowest BW and BCS 

already on 28 DIM compared to lowest BW and BCS on 56 DIM in LC group highlights the 

severe feeding induced nutrient deficit in the HC group. Interestingly, a similar response of 

present NEFA and BHB concentrations emphasizing the more tensed metabolic situation in 

HC cows was missing. This might be due to the fact that the liver metabolism was sufficient 

in metabolizing NEFA. 

Improvement of milk performance of those cows that received the high energy-dense diet 

prepartum as observed by SCHULZ et al. (2014) was not visible in the current study. 

SCHULZ et al. (2014) showed that postpartum milk production seems to be an important 

driving factor for the development of a catabolic metabolic situation. Hence, LC cows had a 

numerically higher milk yield and energy-corrected milk as well as higher milk constituents 

which might be due to the faster increase of concentrate proportion during the first 4 weeks 

postpartum. A stimulatory effect of concentrate on milk production and milk fat and protein 

yields was also observed by others (SERMENT et al. 2011; SCHOBITZ et al. 2013). 

Additionally, those cows responded with an increased DMI to the faster concentrate 

escalation strategy.  

It has recently been shown that a massive loss in BCS and metabolic disturbances which 

are associated with increased NEFA and BHB concentrations cause alterations in immune cell 

functions such as the impairment of PBMC proliferation (LACETERA et al. 2002; STER et 

al. 2012), the decrease in lymphocyte blastogenesis (SATO et al. 1995), the depression in IgM 
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secretion (SATO et al. 1995) as well as the decrease in IFN-ɣ production of PBMC (STER et 

al. 2012). In the present study, the feeding of prepartum diets high in energy content did not 

affect the BCS at parturition. Furthermore, the metabolic profile and production performance 

remained both unaffected by prepartum feeding strategy and were not affected by the delayed 

postpartum concentrate escalation. Thus, the lack of differences in metabolic parameters 

(NEFA, BHB and glucose) seems to account distinctly for the absence of differences in 

immune cell composition and lymphocyte function postpartum in the present study. This 

might highlight the strong connection between lymphocyte function and NEFA and BHB 

concentrations in early lactating dairy cows which was observed by others (SATO et al. 1995; 

SURIYASATHAPORN et al. 1999; LACETERA et al. 2002; STER et al. 2012).  

7.3 Effects of supplementing nicotinic acid to dairy cows  

The aim of the present study was to stimulate postpartum lipid mobilization in HC cows by 

dietary strategies and to investigate the effects of 24 g NA in cows with disturbed metabolic 

situations.  

7.3.1 The occurrence of NA and NAM within the serum and the effects of galenic 

formulations of niacin supplements 

Although chemically related and nearly similar in biological function (LI et al. 2003), the 

analytical chemistry of those vitamers is quite different which can influence analytical results. 

It was shown that the analyte levels are massively influenced by the choice of the biological 

matrix such as plasma or serum (LIU et al. 2010). RUNGRUANG et al. (2014) observed that 

the niacin content was highest in whole blood level and lowest in plasma which indicates that 

niacin is stored within erythrocytes.  

As in the present study, NIEHOFF et al. (2009) (6 g) also detected only the vitamer NAM 

within the blood serum when using the high-performance liquid chromatography method. In 

contrast, other researchers detected both vitamers, NAM and NA, by using the high-

performance liquid chromatography method (CAMPBELL et al. 1994; MOREY et al. 2011). 

In this respect, it is important to point out that those research groups used bovine plasma as 

matrix. Therefore, observed differences in plasma and serum vitamer profile confirm the 

importance of the biological matrix for analytic measurements. Thus, a part of observed 

differences in blood levels and in the detection of vitamers might be a consequence of matrix 

effects and the detection method which is used. Another explanation for the absence of NA in 

the present study might be that NA is rapidly metabolized to NAM. MOREY et al. (2011) 
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detected that NAM concentrations were about 100 times higher than NA concentrations in 

bovine plasma and it seemed that NAM is the predominant form of niacin in bovine blood. 

YING (2008) observed that NAM acts mainly as precursor for NAD in mammals and the 

results of PFUHL et al. (2005) show that NA is mostly below the lower limit of quantification 

of 50.0 ng/mL mainly due to its rapid metabolism in blood.  

Different NA and NAM concentrations among experiments might also be related to the 

composition of the diet as it was shown that forages and feedstuffs used in ruminant nutrition 

are potential sources of niacin and that, as an example, the niacin content of silages range 

from 1.1 to 34.0 mg niacin/ kg
-1

 dry matter. This high variability in niacin content is reduced 

to factors affecting plants environment, harvest and further processing (BALLET et al. 2000). 

Furthermore, NIEHOFF et al. (2013) observed that the concentrate proportion influences the 

NA flow towards the duodenum with being highest in the highest concentrate group. Results 

of the present study on relative bioavailability of niacin supplements indicate that DMI affects 

blood niacin levels, as feedstuffs are potential sources of niacin (BALLET et al. 2000). 

However, the dietary concentrate proportion had no effect on serum NAM levels as reported 

before (NIEHOFF et al. 2013). Interference with other factors like the observed decline in 

DMI around parturition or different postpartum concentrate escalation strategies might have 

diminished the expected dietary concentrate effects.  

Present results indicate that the supplementation of 24 g NA is more sufficient to elevate 

serum NAM concentrations in cows compared to those which received 0, 6 or 12 g NA. 

Thereby, the RP_NA as well as the nRP_NA are able to elevate serum NAM concentrations 

although having different kinetic parameters including differences in the degree of release 

from the matrix, absorption, degradation within the rumen, intestinal absorption, and/or 

elimination. This might diminish the general assumption that nRP_NA has a poor stability in 

the rumen due to the degradation by ruminal microbes and, therefore, a low bioavailability 

(ZINN et al. 1987; SANTSCHI et al. 2005). Present results also show that serum NAM 

concentrations started to decrease 11 hours after dosing, but without reaching pre-treating 

values. This provides evidence that a supplementation interval of 24 hours might be 

insufficient to maintain blood niacin on a constant and sufficient level; and thus indicating 

that a continuous delivery of small NA boluses might result in more constant and effective 

blood niacin levels. 

Results of the current study indicate that blood niacin levels increase immediately after 

dosing which implies ruminal absorption rather than ruminal destruction. Little is known 
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about the ability of the bovine gastrointestinal tract to absorb niacin and its vitamers. It was 

shown in a mouse model that NA is transported by a sodium-coupled monocarboxylate 

transporter (GOPAL et al. 2005). By investigating the transcriptome of the rumen epithelium, 

BALDWIN et al. (2012) detected that the sodium-coupled monocarboxylate transporter is 

also present in rumen epithelium which provides indications for ruminal absorption 

mechanisms. Furthermore, there are indications that NA is transported by the 

monocarboxylate transporter-1 (TAKANAGA et al. 1996) which also exists within the rumen 

epithelium (KUZINSKI u. RÖNTGEN 2011). Additionally, it was shown that NA is absorbed 

within the proximal jejunum and is immediately metabolized to NAM after absorption 

(STEIN et al. 1994). 

The high variability of the present experiments´ results compared to the literature might be 

due to (1) the time of the year, (2) differences in the lactational state, (3) differences in rumen 

microbial responses to NA supplementation, (4) differences in dietary nutrient composition, 

and (5) the use of either non rumen protected niacin or of rumen protected niacin. 

7.3.2 Effects of niacin supplementation on metabolism 

Hence, the supplementation of 24 g NA had no effects on energetic metabolites such as 

NEFA and BHB which is in agreement with other studies (CHRISTENSEN et al. 1996; 

DRACKLEY et al. 1998; MINOR et al. 1998; NIEHOFF et al. 2009).  

PIRES u. GRUMMER (2007) showed that a single abomasal infusion of 0, 6, 30, or 60 mg 

of NA/kg of body weight to feed restricted cows leads to a reduction of NEFA concentrations 

by a transient inhibition of lipolysis. Nevertheless, NEFA concentrations rebounded and the 

observed rebound was linked to the duration of NA exposition and the dose of NA (PIRES u. 

GRUMMER 2007). The reason for the observed rebound effect is not clear so far, but one 

explanation could be that the brain is involved in this phenomenon as it plays an important 

role in the homeostasis of energy. Therefore, a fall in plasma NEFA levels might stimulate the 

hypothalamic-pituitary-adrenal axis to increase plasma adrenocorticotropic hormone and 

corticosterone to restore plasma NEFA levels (OH et al. 2012).  

In the study of PIRES u. GRUMMER (2007) the dose of 30 mg/kg reduced NEFA for 3 

hours before NEFA concentrations rebounded. Taking these results into consideration, the 

lack of differences in energetic profile between unsupplemented and NA supplemented cows 

might be related to the fact that the supplementation with NA lowers NEFA concentrations, 

but only for a short time. The cows of the present study were kept in a free stall barn which 

provides the opportunity for individual feed and NA intake. The results of PIRES u. 
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GRUMMER (2007) and the present experiment investigating the relative bioavailability of 

niacin supplements indicate that the time between the beginning of the treatment and the time 

of blood sampling is of great importance when considering NA effects on NEFA 

concentrations. Thus, responses to NA supplementation might be masked by individual 

feeding activity in the present study. Therefore, the administration of the NA supplement at 

the same time point and a closer monitoring of blood NEFA levels might increase the 

opportunity to detect the lowering effect of NA immediately after NA dosing and the rebound 

effect. Additionally, the results of  PIRES u. GRUMMER (2007) provide evidence that a 

steady and closely meshed delivery of NA to the intestine is able to lower NEFA 

concentrations sufficiently. This might imply that an evenly supplementation of small 

amounts of NA would result in a more stable blood niacin level compared to a singular 

administration once a day which was done in the present study.  

The inhibition of lipolysis is mediated through coupling of niacin on its receptor GPR190A 

(KENEZ et al. 2014) which is located in bovine brain, tail head fat, back fat, perirenal fat, 

longissimus muscle and liver (TITGEMEYER et al. 2011). However, KENEZ et al. (2014) 

showed that NA as well as BHB are successful in decreasing the lipolytic response in adipose 

tissue, whereas the lipolytic response in adipose tissue when treated with NAM and insulin 

was unaffected. In the present study, only NAM was detected which provides evidence that 

the absence of differences in the lipolytic response between unsupplemented and NA 

supplemented cows could also be attributed to the very low or absent NA concentrations in 

the serum of the present animals.  

7.3.3 Effects of niacin supplementation on milk production  

Reported responses of milk production to supplemented niacin have been highly variable 

(HORNER et al. 1986; MINOR et al. 1998; ASCHEMANN et al. 2012a; WRINKLE et al. 

2012). In agreement with the present results, other researchers did not detect NA induced 

alterations of milk production and milk composition (DRIVER et al. 1990; CHRISTENSEN 

et al. 1996; DI COSTANZO et al. 1997; MADISON-ANDERSON et al. 1997; MOREY et al. 

2011; WRINKLE et al. 2012). Contrary to this, DRACKLEY et al. (1998) observed an 

increase in milk yield and FCM (12 g NA) which was also observed by BELIBASAKIS u. 

TSIRGOGIANNI (1996). BELIBASAKIS u. TSIRGOGIANNI (1996) reported that the 

supplementation with 10 g niacin increases milk fat proportion and yield in cows in hot 

weather. These results might be attributed to the fact that niacin is able to reduce heat stress 
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due to the niacin induced flush (WRINKLE et al. 2012) which might support overall animal 

performance.  

OTTOU et al. (1995) and NIEHOFF et al. (2009) stated that the absence of effects of 

niacin supplementation might be attributed to the fact that those cows were too far in lactation 

for being in a balanced metabolic situation. Those researchers refer back to the statement that 

niacin acts as anti-lipolytic agent and that lipolytic response is enhanced in early lactating 

dairy cows (KENEZ et al. 2015). However, cows of the present study display a high lipolytic 

response mirrored by losses in BW and BCS postpartum, but effects of niacin 

supplementation were almost absent. 

Additionally, several researchers stated that the effects of NA supplementation on milk 

composition are related to the NA induced increase in protozoal numbers in the ruminal fluid 

which is often associated with changes on rumen fermentation patterns (DOREAU u. OTTOU 

1996; ASCHEMANN et al. 2012b). Without affecting total short-chain fatty acids (SCFA) 

concentrations (CHRISTENSEN et al. 1996; DOREAU u. OTTOU 1996; MADISON-

ANDERSON et al. 1997; ASCHEMANN et al. 2012b), the supplementation of niacin leads to 

trends or significant changes of molar proportions of major SCFA (acetic, propionate, 

butyrate) (CHRISTENSEN et al. 1996; DOREAU u. OTTOU 1996; ASCHEMANN et al. 

2012b). A shift to higher butyrate production might be responsible for the increased milk fat 

content for niacin supplemented animals (MIETTINEN u. HUHTANEN 1996). The dietary 

supplementation with NA increases the efficiency of microbial protein production (NIEHOFF 

et al. 2013) leading to a higher delivery of essential amino acids towards the udder. However, 

it was stated that this elevation in microbial protein synthesis is also attributed to an increase 

in ruminal protozoa (SAMANTA et al. 2000). In contrast to the studies of HORNER et al. 

(1986), DRACKLEY et al. (1998) and NIEHOFF et al. (2009), no effects of niacin treatment 

on milk protein yield and content were found in the present study.  

7.4 Parity-related responses to dietary interventions and the periparturient period 

7.4.1 Effects on production performance and metabolism  

Present results indicate fundamental differences between primiparous and multiparous 

cows. In accordance with previous results, multiparous cows had a higher DMI pre- and 

postpartum compared to primiparous cows (VANDEHAAR et al. 1999; RABELO et al. 2003; 

JANOVICK u. DRACKLEY 2010; MOREY et al. 2011). This is not astonishing as 

primiparous cows have not yet reached maturity at first calving. The BW shortly after first 

calving is 89% (601 kg) of that in mature cows of Holstein breed (682 kg) (PIETERSMA et 
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al. 2006) which is associated with a smaller size of the rumen and a lower intake capacity in 

primiparous cows. Additionally, the feeding behavior of primiparous cows is strongly 

impacted by the social environment and it was stated that younger cows are mostly of lower 

social rank (GONZALEZ et al. 2003; BOYLE et al. 2013).  

The present study aimed to generate four treatment groups nearly homogenous in BCS 

and BW which explains the absence of parity-related differences in BCS at the beginning of 

the experiment. However, the BCS increases in both parity-groups towards parturition with 

being higher in primiparous cows (primiparous cows: 3.7; multiparous cows: 3.5). This 

observation is in accordance with the results of JANOVICK u. DRACKLEY (2010), but it 

has to be mentioned that the BCS differed already at the beginning of that study. The slightly 

lower BCS of multiparous cows in the present study at parturition might be due to the 

replenishment of body fat reserves which have been mobilized during previous lactation. The 

absence of clear parity-related differences in pre- and postpartum BCS and BCS-loss might 

also be due to a higher mobilization of internal rather than subcutaneous fat depots.  

According to the statement of RABELO et al. (2005) that the energy intake of 

primiparous cows is 6% higher than their requirement, whereas multiparous exceed their 

requirements by 55% during the last 4 weeks of gestation, one would suspect that multiparous 

cows are in a more balanced metabolic situation prepartum. However, it is surprising that 

multiparous cows of the present study had elevated BHB and lower glucose concentrations 

prepartum although they display a higher DMI and more positive energy balance which 

normally leads to a sufficient nutrient supply towards the liver (ASCHENBACH et al. 2010).  

One assumption for this observation is that those cows suffered from a tensed hepatic 

metabolism, perhaps with a slight hepatic storage of lipids, as a consequence of a 

compromised NEFA oxidation. In support of this notion, gamma-glutamyl transferase (ɣ-GT) 

activities were also higher in prepartum multiparous cows and WEBER et al. (2013b) stated 

that high liver fat content depresses glucose concentrations prepartum.  

However, the concentrations of metabolites of the protein metabolism were in the present 

study higher in older cows excluding the assumption of a worse hepatic situation and rather 

underlining age-related requirements in protein metabolism. In detail, it was shown that 

multiparous cows have a lower protein requirement compared to growing primiparous cows 

which is responsible for the higher protein levels in older cows (DUFFIELD et al. 1998; GFE 

2001).  
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On the other hand, one can suppose that multiparous cows experience a dietary induced 

shift in hepatic metabolism. In detail, it was shown that NH4
+
 stimulated urea synthesis is able 

to reduce hepatic gluconeogenesis and, therefore, the hepatic glucose output by 25%. The 

shift from hepatic gluconeogenesis towards ureagenesis seems to prevent hyperammonemia 

(NORO u. WITTWER 2012). Periportal hepatocytes are responsible for hepatic 

gluconeogenesis and ureagenesis and both pathways are closely linked via Krebs cycle, 

through specific amino acids and oxaloacetate. These aspects result in the assumption that 

multiparous cows suffer from higher ammonia levels compared to primiparous cows which is 

induced by the higher DMI in those cows. This would further explain the low glucose 

concentrations in older cows despite their higher DMI. In general, these observations might 

reveal that the hepatic metabolism is able to adapt to the amount and kind of nutrients 

reaching the liver, especially in multiparous cows. 

However, the present results may indicate that primiparous cows had a more sufficient 

hepatic gluconeogenesis as it seemed that primiparous cows had a higher NEFA oxidation 

capacity and, thereby, ATP production. This is displayed by the fact that primiparous cows 

had lower BHB concentrations compared to multiparous cows which coincides with 

observations of WATHES et al. (2007). The greater ATP availability in primiparous cows 

might improve hepatic gluconeogenesis as this pathway depends on ATP availability (BELL 

1995). Based on the present results it can be assumed that primiparous cows had a better 

overall nutrient balance with providing adequately amounts of energy for own body and fetal 

growth, and, further, resulted in a slightly higher BCS gain prepartum.  

The DMI declined similarly during the last 3 weeks of gestation by 33% for primiparous 

cows and 31% for multiparous cows which was also observed by VANDEHAAR et al. 

(1999). The differences in DM and energy intake were carried over into the postpartum 

period. Despite their higher energy intake multiparous cows suffered from a more pronounced 

drop in energy balance which is mostly attributed to their higher milk production (MEIKLE et 

al. 2004; JANOVICK u. DRACKLEY 2010; MOREY et al. 2011). In accordance with this 

tensed metabolic situation NEFA and BHB concentrations were numerically higher and 

glucose concentrations were numerically lower postpartum in older cows (WATHES et al. 

2007; SANDER et al. 2011). Additionally, there is some evidence that the hepatic cell 

integrity of multiparous cows is slightly impaired as indicated by higher γ-GT and GLDH 

concentrations postpartum. Especially GLDH is used as indicator for chronic hepatic damage, 

because the increase of this enzyme is often delayed by three to five weeks after the rise in 
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GOT activity (WEMHEUER 1987). Hence, GLDH activities were notably elevated in 

multiparous cows between 14 and 35 DIM which hints to the fact that the liver of multiparous 

cows was already compromised during the prepartum period. 

Present results imply that primiparous cows reached lowest BW 21 DIM and started to 

gain BW earlier than multiparous cows. The decline in BW in multiparous cows went beyond 

the peak of milk yield (56 d postpartum) followed by a slight increase in BW. Although 

NEFA concentrations were only numerically higher in multiparous cows, present postpartum 

results indicate that multiparous cows used their body reserves to a greater extent and did not 

have the capacity to consume additional feed to conserve adipose tissue.  

In general, these observations might reveal that the hepatic metabolism is able to adapt to 

the amount and kind of nutrients reaching the liver. These results suggest that multiparous 

cows are quite more compelled to use body reserves for maintaining milk production and do 

not have the capacity to consume additional feed to conserve adipose tissue in early lactation. 

Primiparous cows seemed to be more efficient in switching from catabolic to anabolic 

metabolic state and in using required energy from the feedstuffs and thereby preventing the 

mobilization of body fat reserves.  

7.4.2 Effects on immune cell composition and immune cell function  

7.4.2.1 Differences in immune cell composition 

Primiparous cows had higher numbers of total leukocytes, neutrophil granulocytes and 

lymphocytes nearly throughout the periparturient period and early lactation (OLMOS et al. 

2009; JONSSON et al. 2013; SCHULZ et al. 2015). The continuous maturation process on 

the erythrocyte and immune system accounts strongly for the observed differences in cellular 

composition and function between primiparous and multiparous cows. 

It was shown that several energy metabolism related hormones such as insulin-like growth 

factor (IGF)-1 and leptin affect hematopoiesis and lymphopoiesis (CLARK 1997; 

CLAYCOMBE et al. 2008). Several authors observed that primiparous cows have higher 

leptin and IGF-1 concentrations, especially prepartum (WATHES et al. 2007; SANDER et al. 

2011; JONSSON et al. 2013; PIRES et al. 2013). Furthermore, WATHES et al. (2007) 

detected a strong relationship between leptin concentrations and BCS. According to these 

observations, one can assume that primiparous cows of the present study had also higher 

leptin and IGF-1 concentrations which might trigger the parity-related differences in immune 

cell composition.  
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The high importance of nutrient partitioning for lactogenesis in early lactating dairy cows 

is mediated by the uncoupling of the somatotropic axis. This process is associated with a 

decreased expression of growth hormone (GH) receptors in the liver resulting in a decreased 

secretion of IGF-1. Furthermore, the negative feedback of IGF-1 on GH release is diminished, 

thus resulting in high GH concentrations and low IGF-1 concentrations. High levels of GH 

trigger lipid mobilization and the release of NEFA into the blood stream (LUCY et al. 2009). 

The higher milk production and the more severe NEB in multiparous cows of the present 

study might trigger a more severe uncoupling of the somatotropic axis which affects 

hematopoiesis, especially lymphopoiesis and immune functions as IGF receptors are 

presented on lymphocytes surface (CLARK 1997; CLAYCOMBE et al. 2008).   

Different concentrations of CD4
+
 and CD8

+
 cells in primiparous and multiparous cows 

were also observed by MEHRZAD u. ZHAO (2008). Aging is associated with a loss in naive 

T cells and an increase in highly differentiated effector memory and effector cells (HONG et 

al. 2004; MORO-GARCIA et al. 2013), due to the repetitive exposure of older cows to 

antigens. This might also be an explanation for the observed parity-related differences in 

CD4
+
 and CD8

+
 cell subpopulation. The more pronounced decrease in CD8

+
 subsets around 

parturition in multiparous cows could be explained by following observations: The 

adrenoceptor β-2 is more abundant in memory CD8 T cells compared to naive T cells and 

mediates the effects of norepinephrine (also called noradrenaline) (SLOTA et al. 2015). It was 

shown that norepinephrine regulates immune function of lymphocytes by inducing 

inflammatory cytokine production and suppressing the proliferation of CD8 T cells by 

decreasing the secretion of cytokines important for their growth. Additionally, the expression 

of IFN-γ and IL-2 of memory CD8 T cells was moderately depressed in times of 

norepinephrine treatment (SLOTA et al. 2015). Parturition is associated with an increase in 

norepinephrine (HYDBRING et al. 1999). This temporary increase in norepinephrine might 

attribute to the decrease in CD8
+
 proliferation resulting in lower CD8

+
 T cells around 

parturition in multiparous cows.  

Differences in T cell subpopulations might also be a result of differences in milk yield. It 

was shown that CD8
+
 cells outnumber the amount of CD4

+
 cells in milk (TAYLOR et al. 

1994; BONELLI et al. 2013). Additionally, a lactation specific pattern was observed for CD4
+ 

and CD8
+
 cells with increasing CD4

+ 
cells and decreasing CD8

+ 
as lactation progressed 

(BONELLI et al. 2013). The higher concentration of CD4
+
 and CD8

+ 
cells in the blood of 

multiparous cows might indicate that older cows suffer from an impaired T cell trafficking 
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into milk which might also account for the higher susceptibility of mastitis with progressing 

age (BOUJENANE et al. 2015).  

7.4.2.2 Differences in immune cell function 

MEHRZAD u. ZHAO (2008) stated that aging leads to a decreased mitogen-induced 

lymphoproliferation activity. Their study was conducted during mid lactation and primiparous 

cows were 2.4 ± 0.5 and multiparous cows were 6.8 ± 0.7 years old. However, present results 

might diminish the general assumption of an age-dependent decrease in lymphocyte 

proliferation capacity in older cows, because in the present study the stimulation index (SI) 

did not differ distinctly between primiparous and multiparous cows on 100 DIM. Present 

results suggest that only the prepartum period and the time closely around parturition are 

associated with parity-related differences in the proliferative capacity of PBMC. The 

discrepancies between the present study and that of MEHRZAD u. ZHAO (2008) might be 

due to the fact that multiparous cows were clearly older in that study (6.8 ± 0.7 vs. 3.7 ± 0.7 

years) which might force parity-related differences.  

However, it was stated that blood metabolites such as BHB and NEFA also affect the 

function of PBMC (SATO et al. 1995; LACETERA et al. 2002), but statements are 

contrasting. LACETERA et al. (2002) observed that the decrease in responsiveness of PBMC 

during ketosis is attributed more to increased NEFA concentrations than to BHB 

concentrations. This is underlined by the negative correlation between NEFA concentrations 

and PBMC proliferation (CARBONNEAU et al. 2012; STER et al. 2012).  

However, present results highlight that the SI was moderately depressed both in 

primiparous and in multiparous cows closely around parturition. This was attributed to the 

reduced lymphocyte blastogenesis in response to Con A, whereas the basal activity of the 

lymphocytes was moderately elevated at the same time. From the present results it can be 

concluded that both metabolites, NEFA and BHB affect lymphocyte function as those 

concentrations were fundamentally elevated at this time. Nevertheless, the observation of the 

present study that primiparous cows had a higher Con A-stimulated proliferation capacity and 

a higher SI 42 d prepartum and closely around parturition might reveal the observation of 

SATO et al. (1995) that ketosis is associated with a decreased lymphocyte blastogenesis. 

Although in the present study multiparous cows never suffered from subclinical or clinical 

ketosis, multiparous cows had higher BHB concentrations compared to primiparous cows 

which might highlight the importance of high BHB levels in the development of 

immunosuppression around parturition.  
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The glucose concentrations decreased markedly after parturition and it was shown that 

multiparous cows had lower glucose concentrations compared to primiparous cows in the 

current study. It has recently been shown that glucose is an important nutrient for immune 

cells especially in times of increased metabolic demands (PEARCE u. PEARCE 2013). Thus, 

low glucose availability might be an additional influencing factor for the responsiveness of 

lymphocytes (indicated by the SI) of multiparous cows around parturition.  

Several researchers showed that an inadequate calcium concentration in blood is 

responsible for a diminished function of immune cells (KIMURA et al. 2006; MARTINEZ et 

al. 2012). For example, KIMURA et al. (2006) showed that the blood mononuclear cell 

cytosolic calcium concentrations were reduced around parturition with a higher reduction in 

cows suffering from hypocalcemia. They further clarify that the decrease in intracellular 

calcium stores before parturition has great impacts on the development of periparturient 

immune suppression. REINHARDT et al. (2011) observed an increased prevalence of 

subclinical hypocalcemia with increasing lactation number. Taking all of these factors into 

account, the blood calcium level might also account for the observed parity-related 

differences in PBMC function around parturition.  

Present observations might reveal that primiparous and multiparous cows response 

differently to periparturient changes due to differences in 1) the maturation process, 2) the 

metabolic pathways and the metabolic profile, 3) the production level and 4) the social 

hierarchy. It is shown that the metabolism of multiparous cows is quite more stressed during 

the periparturient period which has extensive consequences for the immune system.  
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8 SUMMARY 

Reka Tienken (2016) 

Niacin in dairy cow rations: Investigations on the bioavailability of niacin and its 

interactions with dietary energy density on the health and performance of dairy cows 

During the second half of the twentieth century the dairy industry experienced profound 

changes. These changes and advances in breeding, husbandry, nutrition and health 

management of dairy cows aimed to increase milk yield and economic efficiency of milk 

production. Especially, the genetic selection for high milk yield strengthens the energy deficit 

in early lactation as the increased energy requirement of lactation cannot be covered by 

dietary intake. In this situation, cows rely on the mobilization of body mass to fill the energy 

gap between dry matter intake and the energy output for milk production. The increased lipid 

mobilization postpartum is associated with serious changes of the metabolism and lead to an 

enormous burden of hepatic function. All of this causes undesirable side effects resulting in 

an increased susceptibility for disorders and a reduced reproductive and lactation 

performance. Furthermore, the focus of the dairy industry to maximize milk yield lead to 

nutritional approaches which often strengthen this tensed metabolic situation closely around 

parturition. It has been shown that increasing the dietary energy content of prepartum diets 

favors body fat accretion which is associated with an improved milk production and a change 

in milk composition postpartum. This increase in milk performance often exacerbates the 

negative energy balance and leads to an increased mobilization of body reserves postpartum. 

For achieving an optimal balance between economic efficiency, the use of feed additives 

gained in importance as those substances can cause positive effects on the metabolism, 

production performance and health of dairy cows. One of those feed additives is niacin and it 

was shown that niacin is able to balance catabolism by the inhibition of lipolysis and to 

improve milk production.  

One part of the present thesis aimed to investigate the effects of an energy-dense diet and 

daily supplementation of 24 g nicotinic acid (NA) on production, metabolic and immunologic 

variables of dairy cows which were similar in prepartum body condition and in late gestation 

and early lactation. The present study design aimed to use a model to generate experimental 

groups with different degrees of postpartal negative energy balance and mobilisation of body 

tissues to test niacin's effectiveness under these conditions.  Thirty-six multiparous and 20 

primiparous German Holstein cows were fed with an energy-dense (60% concentrate/40% 

roughage mixture; HC group) or adequate (30% concentrate/70% roughage mixture; LC 
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group) diet during the last 6 weeks of gestation. After parturition, concentrate proportion was 

dropped to 30% for all HC and LC groups and was increased to 50% within 16 days for LC 

and within 24 days for HC groups. In addition, half of the cows per group received 24 g NA 

per day and cow.  

The objective of the second part of the present thesis was to investigate the bioavailability 

and pharmacokinetic properties of NA. A feeding experiment was conducted with 35 late 

gestating dairy cows to investigate the effects of 0, 6, 12 or 24 g NA per day and cow either in 

differing galenic forms (non-rumen protected (nRP) vs. rumen protected form (RP)) on serum 

niacin concentrations and production performance. The pharmacokinetic approach aimed to 

examine the serum niacin kinetics over 24 h after giving a single oral bolus of 24 g nRP or RP 

NA either included in pelleted or ground concentrate. 

Present results confirm that the periparturient period is a stressful period for dairy cows 

due to the occurrence of several endogenous changes which affect the energy, fat and protein 

metabolism as well as the immune system. As an adaptation response to the pronounced 

negative energy balance cows of the present study mobilized body mass which is represented 

by losses in body weight, body condition as well as the increase in the concentrations of non-

esterified fatty acids (NEFAs). The present feeding scheme aimed to generate a tensed 

metabolic situation for testing the effectiveness of oral supplemented niacin. Although a high 

energy supply prepartum caused a higher dry matter intake (HC 15.1 ± 0.3 kg/d vs. LC 13.2 ± 

0.3 kg/d) and, therefore, a more positive energy balance (HC 58.9 ± 1.9 MJ of NEL/d vs. LC 

35.6 ± 1.9 MJ of NEL/d), the body condition score (HC 3.4 ± 0.1 vs. LC 3.5 ± 0.1) did not 

differ prepartum. Furthermore, the feeding of an energy-dense diet prepartum did not affect 

postpartum performance and mobilization of body reserves, as the dry matter intake (HC 16.7 

± 0.3 kg/d vs. LC 17.0 ± 0.4 kg/d), body condition score (HC 3.1 ± 0.1 vs. LC 3.0 ± 0.1), 

body weight (HC 613 ± 9 kg vs. LC 610 ± 9 kg), milk yield (HC 32.9 ± 1.1 kg/d vs. LC 33.5 

± 1.1 kg/d) and concentrations of NEFAs (HC 0.37 ± 0.02 mmol/l vs. LC 0.40 ± 0.02 mmol/l) 

did not differ between treatment groups postpartum. The composition of the immune cells as 

well as the immune function were not influenced by dietary energy density at any time. These 

results show that the present dairy cows were not predisposed for body fat accretion, because 

they did not show fat accretion in times of high dietary energy supply. Furthermore, present 

results underline the importance of the body condition score as an important management 

tool, as this parameter is useful for assessing the risk of postpartum metabolic disorders. The 

present results indicate that the feeding model did not generate different degrees of negative 
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energy balance postpartum and mobilisation of body reserves, in order to test the 

effectiveness of oral supplemented NA.  

These results indicate that the group-specific interaction of dietary energy supply and 

similar body condition did not worsen the metabolic situation postpartum and that, under 

these circumstances, the testing of niacin's effectiveness could not be performed. However, 

present results do not indicate that niacin is able to reduce postpartal lipolysis as the 

concentrations of NEFAs peaked around parturition and did not differ pre- and postpartum 

between groups (prepartum: Control 0.30 ± 0.01 mmol/l vs. Niacin 0.33 ± 0.01 mmol/l; 

postpartum: Control 0.37 ± 0.02 mmol/l vs. Niacin 0.40 ± 0.02 mmol/l). Furthermore, the 

present results did not reveal an improvement of lactational performance in supplemented 

groups as both groups had similar milk yields (Control 33.4 ± 1.1 kg/d vs. Niacin 33.1 ± 1.1 

kg/d) and energy-corrected milk yield (Control 34.2 ± 1.2 kg/d vs. Niacin 35.6 ± 1.2 kg/d). 

The immune system and function remained unaffected by niacin supplementation.  

Nicotinic acid was under the detection limit in the present study. Therefore, only 

nicotinamide was detected in the present blood serum. The daily supplementation with 24 g 

NA elevated serum nicotinamide concentrations (mean nicotinamide concentration: Control 

2.01 ± 1.10 µg/ml vs. Niacin 3.35 ± 1.65 µg/ml). Both galenic forms resulted in similar area 

under the curves as a result of the kinetic counterbalancing alterations. However, the 

supplementation of nRP NA resulted in higher Rmax values (maximum theoretical 

nicotinamide concentration) compared to RP NA. Furthermore, the feeding of nRP NA 

accelerated the rate of absorption, because Rmax of nRP NA occurred 1.7 h before the Rmax of 

RP NA. Both galenic led to an adequate bioavailability which abolish the general assumption 

of massive ruminal degradation of nRP NA. The maximal dose of 24 g NA per cow and day 

resulted in highest serum nicotinamide concentrations (6 g NA: 0.98 ± 0.20 µg/ml; 12 g NA: 

0.88 ± 0.20 µg/ml; 24 g NA: 1.76 ± 0.09 µg/ml). Serum nicotinamide concentrations 

remained unaffected by dietary energy density (LC diet with 24 g NA: 1.95 ± 0.20 µg/ml vs. 

HC diet with 24 g NA: 2.71 ± 0.20 µg/ml).  

Furthermore, the results of the present study demonstrate that there were distinct parity-

related differences in the metabolism and requirements resulting in age-specific adaptations to 

the onset of lactation and to variable responses to feeding strategies. Multiparous cows 

consumed more dry matter during late gestation and early lactation and yielded more milk 

(multiparous: 39.1 ± 1.0 kg/d vs. primiparous: 27.3 ± 1.2 kg/d). Additionally, multiparous 

cows suffered from a more tensed metabolic situation postpartum (multiparous: -36.7 ± 2.7 
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MJ of NEL/d vs. primiparous: -16.3 ± 3.4 MJ of NEL/d) which is also displayed by higher 

concentrations of NEFAs (multiparous: 0.41 ± 0.02 mmol/l vs. primiparous: 0.36 ± 0.02 

mmol/l) and ß-hydroxybutyrate (multiparous: 0.82 ± 0.04 mmol/l vs. primiparous: 0.71 ± 0.05 

mmol/l). Furthermore, primiparous and multiparous cows had different cellular prerequisites 

and functional capacities as younger cows had higher counts of total leukocytes (primiparous: 

9.5 ± 0.4 10
3
/µl vs multiparous: 7.7 ± 0.3 10

3
/µl), granulocytes (primiparous: 4.8 ± 0.2 10

3
/µl 

vs multiparous: 4.1  ± 0.2 10
3
/µl), and lymphocytes (primiparous: 4.0 ± 0.2 10

3
/µl vs 

multiparous: 2.9 ± 0.1 10
3
/µl). This indicates that primiparous as well as multiparous cows 

need different attention during the periparturient period and that a “one size fits all” approach 

to feed management is not an effective way to satisfy age-specific requirements at this time.  
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9 ZUSAMMENFASSUNG 

Reka Tienken (2016) 

Niacin in Rationen von Milchkühen: Untersuchungen zur Bioverfügbarkeit von Niacin 

und zu dessen Wechselwirkungen mit der Energiekonzentration in der Ration auf die 

Gesundheit und Leistung von Milchkühen 

In der zweiten Hälfte des zwanzigsten Jahrhunderts erlebte die Milcherzeugung einen 

grundlegenden Wandel. Diese Veränderungen und Fortschritte in Zucht, Haltung, Ernährung 

und Gesundheitsmanagement von Milchkühen zielten darauf ab, die Milchleistung und somit 

die Wirtschaftlichkeit der Milchproduktion zu steigern. Besonders die Selektion auf hohe 

Milchleistung verstärkt dabei das Energiedefizit in der Frühlaktation, da die Futteraufnahme 

den erhöhten Energiebedarf für die Milchleistung nicht decken kann. Um diese Energielücke 

füllen zu können, sind Milchkühe in dieser Situation auf die Mobilisierung von 

körpereigenem Gewebe angewiesen. Die gesteigerte Mobilisation von Körperreserven ist 

häufig mit gravierenden Veränderungen im Stoffwechsel assoziiert und resultiert in einer 

enormen Belastung der Leberfunktion. All dies ist von unerwünschten Nebeneffekten 

begleitet, die letztlich zu Leistungseinbußen, einer verminderten Reproduktionsleistung und 

einer erhöhten Krankheitsanfälligkeit führen. 

Der Fokus der Milcherzeugung, die Milchleistung zu steigern, führten zur Entwicklung 

von Fütterungskonzepten, die häufig die angespannte Stoffwechsellage in der peripartalen 

Phase verstärken. Es wurde gezeigt, dass eine Erhöhung des Energiegehaltes in der 

präpartalen Ration den Körperfettansatz fördert und zu einer höheren Milchleistung führt. 

Jedoch verstärkt diese Zunahme der Milchleistung die negative postpartale Energiebilanz und 

führt zu einer gesteigerten Mobilisation von Körperreserven. Dies zeigt, dass die Ziele der 

Wirtschaftlichkeit und der Gesundheit häufig im Widerspruch stehen. Aus diesem Grund, hat 

der Einsatz von Futtermittelzusatzstoffen an Bedeutung gewonnen, da diese Substanzen 

positive Effekte auf den Stoffwechsel, die Leistung und die Gesundheit von Milchkühen 

ausüben können. Einer dieser Futtermittelzusatzstoffe ist Niacin. Es wurde gezeigt, dass 

Niacin in den Energiestoffwechsel eingreift, indem es die Lipolyse von körpereigenem 

Fettgewebe hemmt und somit der Entstehung einer Ketose und Fettleber entgegenwirkt. 

Weiterhin wurde in verschiedenen Studien gezeigt, dass Niacin die Milchleistung positiv 

beeinflusst.  

Ein Teil der vorliegenden Untersuchungen zielte darauf ab, die Effekte einer 

energiereichen Ration und einer täglichen Supplementation mit 24 g Nikotinsäure (NA) auf 
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die Leistung, den Stoffwechsel und das Immunsystem von Milchkühen, die eine ähnliche 

präpartale Körperkondition aufwiesen und sich in der späten Trächtigkeit und Frühlaktation 

befanden, zu untersuchen. Dabei wurde ein Fütterungsmodel genutzt, um unterschiedliche 

Ausprägungen der postpartalen negativen Energiebilanz und Mobilisation von Körpergewebe 

zu generieren und unter diesen Umständen die Wirksamkeit von oral supplementierten Niacin 

untersuchen zu können. Hierfür bekamen 36 multipare und 20 primipare Kühe der Rasse 

Deutsche Holstein eine energiereiche (60% Kraftfutter/40% Grobfutter Mischung, HC 

Gruppe) oder eine adäquate (30% Kraftfutter/70% Grobfutter Mischung, LC Gruppe) Ration 

in den letzten 6 Trächtigkeitswochen. Nach der Kalbung wurde der Kraftfutteranteil zunächst 

in allen Fütterungsgruppen auf 30% reduziert und dann innerhalb von 16 Tagen in den LC 

Gruppen und innerhalb von 24 Tagen in den HC Gruppen auf 50% gesteigert. Zusätzlich 

wurde der Hälfte der Kühe einer jeden Gruppe 24 g NA pro Tag und Kuh supplementiert. 

Das Ziel des zweiten Teils der vorliegenden Dissertation war, die Bioverfügbarkeit und 

pharmakokinetischen Eigenschaften von NA zu untersuchen. In einem Fütterungsversuch 

erhielten 35 spätlaktierenden Milchkühe 0, 6, 12 oder 24 g NA pro Tag und Kuh, wobei die 

galenische Formulierung der NA (ungeschützt (nRP) vs. pansen geschützt (RP)) variierte. In 

diesem Teil der Dissertation wurden die Dosiseffekte und die Effekte der unterschiedlichen 

galenischen Formulierungen auf die Niacinkonzentrationen im Blutserum und die 

Leistungsparameter untersucht. In einer weiteren Studie wurden die pharmakokinetischen 

Eigenschaften von Niacin im Blutserum nach einer einmaligen oralen Aufnahme von 24 g 

nRP oder RP NA, welche in pelletierten oder gemahlenen Kraftfutter beinhaltet war, über 24 

Stunden untersucht.  

Die vorliegenden Ergebnisse bestätigen, dass die peripartale Periode eine kritische Periode 

für Milchkühe ist, da sich in dieser Phase des Laktationszyklus eine Vielzahl von endogenen 

Veränderungen ereignen, die den Energie-, Fett- und Proteinstoffwechsel sowie das 

Immunsystem betreffen. Die Ergebnisse der vorliegenden Studie zeigen, dass die Milchkühe 

zu Laktationsbeginn ein Energiedefizit entwickelten, das sie durch die Mobilisation von 

körpereigenen Reserven kompensierten. Diese Anpassungsvorgänge der Milchkühe zu 

Beginn der Laktation führten zum Verlust an Körpermasse und Körperkondition sowie zur 

Erhöhung der Konzentrationen der freien Fettsäuren (NEFA). Vorliegende 

Untersuchungsergebnisse stützen jedoch nicht die Annahme, dass die peripartale Phase mit 

einer starken Immunsuppression einhergeht. Vielmehr bestätigte sich ein funktioneller 



ZUSAMMENFASSUNG 

 

 

130 

 

Zusammenhang zwischen der Energiebilanz und der Funktion der mononuklearen Zellen im 

peripheren Blut. 

Obwohl die Verfütterung einer energiereichen Ration in der präpartalen Periode zu einer 

höheren Trockenmasseaufnahme (HC 15.1 ± 0.3 kg/Tag vs. LC 13.2 ± 0.3 kg/Tag) und zu 

einer positiveren Energiebilanz (HC 58.9 ± 1.9 MJ NEL/Tag vs. LC 35.6 ± 1.9 MJ NEL/Tag) 

führte, blieb die präpartale Körperkondition (HC 3.4 ± 0.1 vs. LC 3.5 ± 0.1) vom 

Fütterungsregimen unbeeinflusst. Ebenso zeigte sich, dass die postpartale Leistung und 

Mobilisation von körpereigenen Reserven von der Verfütterung einer energiereichen Ration 

in der präpartalen Phase unbeeinflusst blieb, da sich die Trockenmasseaufnahme (HC 16.7 ± 

0.3 kg/Tag vs. LC 17.0 ± 0.4 kg/Tag), die Körperkondition (HC 3.1 ± 0.1 vs. LC 3.0 ± 0.1), 

die Körpermasse (HC 613 ± 9 kg vs. LC 610 ± 9 kg), die Milchleistung (HC 32.9 ± 1.1 

kg/Tag vs. LC 33.5 ± 1.1 kg/Tag) und die NEFA Konzentrationen (HC 0.37 ± 0.02 mmol/l vs. 

LC 0.40 ± 0.02 mmol/l) nicht zwischen den Behandlungsgruppen unterschieden. DieTiere der 

vorliegenden Studie besaßen keine genetische Veranlagung für einen hohen Fettansatz, da sie 

trotz der Verfütterung einer energiereichen Ration keinen abnormen Fettansatz zeigten. 

Weiterhin verdeutlichen die vorliegenden Ergebnisse die Wichtigkeit der 

Körperkonditionsbeurteilung, da dieser Parameter hilfreich für die Einschätzung des Risikos 

von postpartalen Stoffwechselentgleisungen ist. Mit dem verwendeten Fütterungsmodel 

wurden keine unterschiedlichen Ausprägungen der postpartalen  negativen Energiebilanz und 

der Mobilisation von Körpergewebe generiert, um unter diesen Umständen die Wirksamkeit 

von oral supplementierten Niacin zu untersuchen. 

Die orale Supplementation von NA führte nicht zu einer Hemmung der postpartalen 

Mobilisation von Körperfettgewebe, da die NEFA Konzentrationen zur Abkalbung hin ihr 

Maximum erreichten und sich sowohl prä- als auch postpartal nicht zwischen den 

Fütterungsgruppen unterschieden (präpartal: Kontrolle 0.30 ± 0.01 mmol/l vs. Niacin 0.33 ± 

0.01 mmol/l; postpartal: Kontrolle 0.37 ± 0.02 mmol/l vs. Niacin 0.40 ± 0.02 mmol/l). 

Außerdem führte die Supplementation mit NA nicht zu einer Verbesserung der Milchleistung, 

da beide Behandlungsgruppen eine gleiche Milchleistung (Kontrolle 33.4 ± 1.1 kg/d vs. 

Niacin 33.1 ± 1.1 kg/d) und Energie-korrigierte Milchmenge (Kontrolle 34.2 ± 1.2 kg/d vs. 

Niacin 35.6 ± 1.2 kg/d) aufwiesen.  

Im Blutserum der Milchkühe war in den vorliegenden Untersuchungen keine NA 

nachweisbar, so dass lediglich Nikotinsäureamid detektiert werden konnte. Die tägliche 

Supplementation mt 24 g NA resultierte in einer Erhöhung der Nikotinsäureamid-
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Konzentrationen im Blutserum (mittlere Nikotinsäureamid-Konzentration: Kontrolle 2.01 ± 

1.10 µg/ml vs. Niacin 3.35 ± 1.65 µg/ml). Die Ergebnisse der pharmakokinetischen Studie 

zeigen, dass beide galenische Formulierungen zu ähnlichen Flächen unter der Zeit-

Konzentrations-Kurven führten, obwohl sich gewisse Unterschiede in den 

pharmakokinetischen Eigenschaften beider Formen ergaben. So führte zum Beispiel die 

Supplementation mit nRP NA zu höheren Rmax Werten (maximale theoretische 

Nikotinamidkonzentration) verglichen mit RP NA. Weiterhin wurde nRP NA schneller 

absorbiert, da die maximale theoretische Nikotinsäureamid-Konzentration von nRP NA 1.7 

Stunden vor der von RP NA auftrat. Beide galenische Formulierungen zeigten eine adäquate 

Bioverfügbarkeit und widerlegen damit die Annahme einer massiven ruminalen Zerstörung 

von nRP NA. Die maximale Dosis von 24 g NA pro Kuh und Tag führte zu den höchsten 

Nikotinsäureamid-Konzentrationen im Blutserum von Milchkühen (6 g NA: 0.98 ± 0.20 

µg/ml; 12 g NA: 0.88 ± 0.20 µg/ml; 24 g NA: 1.76 ± 0.09 µg/ml). Die Energiedichte der 

Ration zeigte keinen Einfluss auf die Nikotinsäureamid-Konzentration (LC mit 24 g NA 1.95 

± 0.20 µg/ml vs. HC mit 24 g NA 2.71 ± 0.20 µg/ml). 

Weiterhin verdeutlichen die vorliegenden Studienergebnisse, dass sowohl der Stoffwechsel 

als auch der Bedarf altersspezifische Unterschiede aufwies. So nahmen multipare Kühe mehr 

Trockenmasse in der späten Trächtigkeit und frühen Laktation auf und zeigten eine höhere 

Milchleistung (multipar: 39.1 ± 1.0 kg/Tag vs. primipar: 27.3 ± 1.2 kg/Tag). Dies führte zu 

einer stark angespannten Stoffwechselsituation in der postpartalen Periode, was wiederrum 

durch höhere NEFA (multipar: 0.41 ± 0.02 mmol/l vs. primipar: 0.36 ± 0.02 mmol/l) und ß-

hydroxybutyrat (multipar: 0.82 ± 0.04 mmol/l vs. primipar: 0.71 ± 0.05 mmol/l) 

Konzentrationen verdeutlicht wurde. Ebenso besaßen primipare und multipare Milchkühe 

unterschiedliche zelluläre Vorraussetzungen und Funktionsfähigkeiten. So zeigten primipare 

Kühe eine höhere Anzahl an Leukozyten (primipar: 9.5 ± 0.4 10
3
/µl vs multipar: 7.7 ± 0.3 

10
3
/µl), Granulozyten (primipar: 4.8 ± 0.2 10

3
/µl vs multipar: 4.1  ± 0.2 10

3
/µl) und 

Lymphozyten (primipar: 4.0 ± 0.2 10
3
/µl  vs multipar: 2.9 ± 0.1 10

3
/µl). Insgesamt zeigt sich, 

dass sowohl primipare als auch multipare Milchkühe in der peripartalen Phase besondere 

Aufmerksamkeit benötigen, da sie aufgrund ihrer altersspezifischen Ansprüche und 

Anpassungsreaktionen differenziert betrachtet werden müssen und unterschiedlich auf 

diätetische Maßnahmen reagieren.  
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