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ABSTRACT

The objective of this experiment was to determine the 
effects of conjugated linoleic acid (CLA) and vitamin E 
as well as their interaction on biochemical and hema-
tological variables and on leukocyte populations and 
their functionality. We assigned 59 German Holstein 
cows between the 2nd and 9th lactation to 4 dietary 
groups in a 2 × 2 factorial design with the factors CLA 
and vitamin E. Six weeks before calving the cows had a 
BCS of 3.7 to provoke a higher risk of developing keto-
sis, which might impair their immune function. Blood 
samples for analyses were taken on d −42, −14, −7, 
−3, 1, 3, 7, 10, 14, 21, 28, 35, 42, 56, and 70 relative to 
parturition. Furthermore, peripheral blood mononucle-
ar cells were cultured on d −42, −7, 1, 7, 14, 28, and 70 
relative to calving. Most variables were characterized 
by a high variation between d 7 antepartum and d 7 
postpartum. Treatments did not elicit any effect, with 
the exception of vitamin E, which increased serum urea 
concentrations and decreased monocyte percentages. 
Haptoglobin, aspartate-aminotransferase, red blood cell 
count, leukocyte percentage and populations, as well as 
peripheral blood mononuclear cells were influenced by 
parity. In conclusion, the impairment of immune func-
tion caused by calving was more severe in cows in ≥3rd 
parity than in younger cows. However, neither vitamin 
E nor CLA supplementation was successful to stabilize 
parity or parturition related variance in hematological 
and immunological traits.
Key words: dairy cow, conjugated linoleic acid, 
vitamin E, immune function

INTRODUCTION

During the transition period, 3 wk before until 3 
wk after calving (Grummer et al., 1995), dairy cows 
are subjected to various endocrinological and meta-
bolic changes. According to Mallard et al. (1998), these 
changes are accompanied by a decreased immune re-
sponse. As a consequence, production diseases show the 
highest incidence in early lactation (Goff and Horst, 
1997; LeBlanc et al., 2006). As Lacetera et al. (2005) 
described, cows, especially over-conditioned cows, are 
prone to immune suppression and resulting health dis-
orders. After parturition, transitional dairy cows are 
in a state of a negative energy balance (Grummer et 
al., 1995) due to the onset of lactation and a decreased 
DMI. This negative energy balance is accompanied by 
lipid mobilization, leading to elevated blood concentra-
tions of fatty acids. Due to a relative small amount of 
oxaloacetate, fatty acids can only partly be metabolized 
by the liver and, consequently, ketone bodies are pro-
duced. Schulz et al. (2014) proved that over-conditioned 
cows at calving are more prone to lipomobilization and 
have higher fatty acid concentrations as a result. Con-
treras and Sordillo (2011) discovered that the function 
of neutrophils and leukocytes might be impaired due 
to increased concentrations of fatty acids and ketone 
bodies. Lacetera et al. (2004) observed in heifers that 
enhanced fatty acid concentrations decreased prolifera-
tion as well as secretion of antibodies and cytokines of 
lymphocytes. According to Scalia et al. (2006), high 
fatty acid concentrations are associated with respirato-
ry burst activities, leading to a decreased cell viability 
and increased necrosis rates in PMNL in vitro. Further-
more, the chemotaxis of leukocytes is impaired by high 
concentrations of BHB in vitro (Suriyasathaporn et al., 
1999). Hoeben et al. (1997) investigated the influence of 
normal and subketotic BHB concentrations on the re-
spiratory burst activity of PMNL in vitro and observed 
that it is impaired by high BHB concentrations. It is 
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consequently suggested by Hoeben et al. (1997) that el-
evated BHB concentrations might be partly responsible 
for the higher incidence of infections during the transi-
tion phase. Sordillo and Aitken (2009) proposed that 
oxidative stress might be another risk factor further 
impairing the immune system in dairy cows. Oxidative 
stress is defined as the imbalance between the produc-
tion of different reactive oxygen species (ROS) and the 
antioxidant mechanisms in the organism (Betteridge, 
2000). According to Miller et al. (1993), damage of 
lipids, proteins, polysaccharides, and DNA molecules 
might occur as a result of oxidative stress and might 
therefore be responsible for altered cell functions. On 
the other hand, the production of different ROS by the 
PMNL is a physiological protection mechanism against 
infectious diseases. According to Dahlgren and Karls-
son (1999), this reaction is mediated by the NADPH 
oxidase; however, the ROS production in transition 
cows is elevated up to a certain level, where the anti-
oxidant mechanisms might be depleted (Sordillo and 
Aitken, 2009). Additionally, it has been observed that 
high-conditioned cows are especially vulnerable to 
oxidative stress during the transition period (Berna-
bucci et al., 2005). Vitamin E has been proven to elicit 
antioxidant activities by reacting with peroxyl radical 
and thereby protecting polyunsaturated fats (Burton 
and Traber, 1990). According to Rimbach et al. (2002), 
vitamin E influences different inflammatory cell signal-
ing pathways and acts as a ligand at the peroxisome 
proliferator activating receptor (PPAR)-γ, whereby it 
is involved in the expression of different antioxidative 
enzymes (Nakamura and Omaye, 2010). Bassaganya-
Riera et al. (2002) and O’Shea et al. (2004) reported 
that CLA interact with PPAR-γ as well. According to 
Chen et al. (2012), supplementation with CLA leads 
to an enhanced storage of vitamin E in the tissue. Fur-
thermore, CLA may increase the secretion of vitamin 
E via milk (Gessner et al., 2015) and raise the vitamin 
E transport capacity of cholesterol (Schäfers et al., 
2017b). Studies in humans (Albers et al., 2003; Song et 
al., 2005) showed that CLA neither affects lymphocyte 
populations nor does it influence the proliferation of 
unstimulated or concanavalin A (Con A)-stimulated 
peripheral mononuclear blood cells (PBMC; Nugent 
et al., 2005). Kelley et al. (2002) reported no alteration 
after supplementation with both CLA isomers on the 
white blood cell profile in mice. Renner et al. (2013) 
observed that CLA inhibited proliferation of PBMC 
dose dependently.

Our objective was to evaluate ex vivo and in vivo 
the influence of CLA and vitamin E on biochemical 
and hematological variables, as well as on populations 
and functionality of immune cells from dairy cows 
during the transition period. As we have shown, CLA 

increases the transport capacity of lipoproteins, result-
ing in higher vitamin E concentrations per lipoprotein. 
Consequently, we hypothesized that a combined treat-
ment with CLA and vitamin E would attenuate the 
reduction of vitamin E in the blood, which is caused 
by reduced cholesterol concentrations shortly after par-
turition. In addition, we aimed to compare the ability 
of pluriparous cows from different parities to cope with 
the stress caused by the event of parturition.

MATERIALS AND METHODS

The study was conducted at the experimental station 
of the Institute of Animal Nutrition, Friedrich-Loeffler-
Institut in Braunschweig, Germany. The experiment 
was carried out in accordance with the German Animal 
Welfare Act approved by the LAVES (Lower Saxony 
State Office for Consumer Protection and Food Safety, 
Germany).

Experimental Design

The whole study design is presented in detail in 
Schäfers et al. (2017a). Briefly, 59 pluriparous German 
Holstein cows were allocated to 4 treatment groups 8 
wk antepartum (a.p.). We used an animal model es-
tablished by Schulz et al. (2014), consisting of a high 
concentrate proportion a.p., a high BCS at calving, 
and a decelerated increase of concentrate proportion 
postpartum (p.p.), a combination suitable to induce 
susceptibility to lipomobilization. The treatment 
groups received either 8.4 g of trans-10,cis-12 and 8.4 g 
of cis-9,trans-11 CLA/d (BASF Lutrell; CLA group, n 
= 16) or 2,327 IU of vitamin E/d (BASF Lutavit E 50; 
VE group, n = 15) or both supplements (CLA + VE, 
n = 12). The control group (CON; n = 16) as well as 
the vitamin E group received a control fat supplement 
for caloric balance. All supplements were given from d 
42 a.p. until d 70 p.p. During the whole experiment, 
animals were provided ad libitum with a standardized 
partial mixed ration by self-feeding stations (type RIC, 
Insentec B.V., Marknesse, the Netherlands). The dif-
ferent concentrates were administered via computerized 
self-feeding stations (Insentec B.V.). The ingredients 
and chemical composition of the feedstuffs are presented 
in Table 1. The study was divided into 3 periods: period 
1 from d 42 a.p. until the day of calving, period 2 from 
calving until d 21 p.p., and period 3 until d 70 p.p.

Experimental Animals

In the CON group, 10 cows were in the second (Pa 
1) and 6 cows in the third or higher parity (Pa 2). In 
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the CLA group, 9 cows were in Pa 1 and 6 in Pa 2. 
For the VE group, this relationship was 10:5, whereas 
in the CLA + VE group 5 cows were in Pa 1 and 7 
cows in Pa 2. All cows were daily clinically monitored 
by veterinarians. Body temperature was regularly mea-
sured rectally, and animals were inspected visually with 
regard to their appearance (skin turgor, body control, 
nose excretions) and gait. Consistency of feces was also 
observed. Furthermore, we monitored daily feed intake 
of each animal individually by means of the used feed-
ing system. In total, for 15 animals (CON: n = 3; CLA: 
n = 3; vitamin E: n = 5; CLA + vitamin E: n = 4) 
subclinical mastitis was detected. Cows that had to be 
treated medicinally were excluded from the trial.

Sample Collection

Samples of roughage feed were taken twice weekly. 
Concentrate samples were taken once weekly for every 
group. Roughage and concentrate samples were pooled 
to a collective sample for periods of 4 wk.

Blood samples were taken on d −42 (initial sample), 
and then on d −14, −7, −3, 1, 3, 7, 10, 14, 21, 28, 35, 
42, 56, and 70 relative to parturition. After morning 
milking and before main feeding, samples were taken 
from the jugular vein into serum and EDTA tubes. 
Additionally, blood samples were taken on d −42, −7, 
1, 7, 14, 28, and 70 relative to calving into lithium-
heparinized vacuum tubes (Vacuette, Greiner Bio-One 

Table 1. Ingredients and chemical composition of concentrate and roughage during the experimental period from d 42 antepartum until d 70 
postpartum

Item

Concentrate1

 

Roughage2

LAC3 CLA4 SF5 VE6 DRY7 Maize silage Grass silage

Ingredient (%)         
 Wheat 41 41 41 41 41    
 Dried sugarbeet pulp 30.3 24.95 26.05 29.55 30.5    
 Rapeseed meal 20 20 20 20 20    
 Soybean meal 6.5 6.5 6.5 6.5 6.5    
 CLA supplement — 5.5 — — —    
 Silafat — — 4.4 — —    
 Vitamin E — 0.05 0.05 0.75 —    
 Vitamin/mineral premix8 — 2.0 2.0 — 2.0    
 Vitamin/mineral premix9 2.0 — — 2.0 —    
 Calcium carbonate 0.2 — — 0.2 —    
Chemical analysis (g/kg of DM, unless noted)         
 DM (g/kg) 879 884 883 886 875  340 302
 Crude ash 64 67 57 66 59  36 112
 CP 188 183 187 187 191  59 124
 Ether extract 25 64 67 28 25  31 34
 Crude fiber 107 93 95 102 98  199 283
 NDFOM

10 267 243 262 258 272  399 496
 Energy11 (MJ/kg of DM)         
 ME 12.9 13.4 13.6 12.9 13.0  10.9 9.8
 NEL 8.2 8.6 8.6 8.2 8.2  7.0 5.4
 dl-α-tocopheryl acetate (IU/kg of DM) — 217 188 2,453 —  — —
 trans-10,cis-12 CLA (g/kg of DM) <0.01 4.7 <0.01 <0.01 —  — —
1Concentrate allocation (original substance) per group before parturition: control group = 2 kg of SF, 1 kg of LAC; CLA group = 2 kg of CLA, 
1 kg of LAC; VE group = 2 kg of SF, 1 kg of vitamin E; CLA + VE group = 2 kg of CLA, 1 kg of vitamin E. Concentrate allocation (original 
substance) per group after parturition: control group = 2 kg of SF, 1 kg of LAC; CLA group = 2 kg of CLA, 1 kg of LAC; VE group: 2 kg of 
SF, 1 kg of vitamin E; CLA + VE group: 2 kg of CLA, 1 kg of vitamin E.
250% maize silage, 50% grass silage on a DM basis.
3Concentrate for lactation (LAC).
4CLA concentrate.
5Silafat (SF; BASF SE, Lampertheim, Germany) concentrate.
6Vitamin E concentrate.
7Concentrate for dry cows.
8Ingredients per kg of mineral feed: 50 g of Ca; 120 g of Na; 70 g of P; 50 g of Mg; 7 g of Zn; 4.8 g of Mn; 1.3 g of Cu; 100 mg of I; 50 mg of Se; 
35 mg of Co; 800,000 IU of vitamin A; 100,000 IU of vitamin D3.
9Ingredients per kg of mineral feed: 140 g of Ca; 120 g of Na; 70 g of P; 40 g of Mg; 6 g of Zn; 5.4 g of Mn; 1 g of Cu; 100 mg of I; 40 mg of Se; 
25 mg of Co; 1,000,000 IU of vitamin A; 100,000 IU of vitamin D3.
10NDFOM = NDF determined on an OM base.
11Calculation based on equations for calculation of energy content in feedstuffs published by the GfE (2001, 2008, 2009).
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GmbH, Frickenhausen, Germany) to culture PBMC. 
All blood was used for flow cytometry and analysis of 
hematological variables. Serum and plasma samples 
were centrifuged (Varifuge 3.0R, Heraeus, Osterode, 
Germany; 2,123 × g, 15°C, 15 min) and stored at −80°C 
until analysis.

Analyses

Samples of partial mixed ration and concentrate were 
analyzed according to the standard methods defined by 
VDLUFA (1993; method numbers in brackets) for DM 
(3.1), crude ash (8.1), CP (4.1.2), ether extract (5.1.1), 
crude fiber (6.1.1) as well as NDF and tocopherol ac-
etate according to a modified version of the tocopherol 
acetate method (Japanese Pharmacopoeia Committee, 
2011). The CLA isomers were analyzed by HPLC as 
described in Schäfers et al. (2017b).

Serum samples were analyzed for albumin (ALB), 
aspartate-aminotransferase (AST), gamma-glu-
tamyl-transferase (GGT), glutamate dehydrogenase 
(GLDH), protein, bilirubin, triglycerides, and urea 
by a photometric measuring system (Eurolyser VET 
CCA, Salzburg, Austria). Haptoglobin concentrations 
were determined using an ELISA according to Hiss et 
al. (2004) with a limit of detection of 0.07 mg/mL. The 
concentrations of adiponectin were analyzed using an 
ELISA as described by Mielenz et al. (2013) with a 
limit of detection of 0.03 ng/mL.

Hematological variables were analyzed in potassi-
um-EDTA-whole blood with an automatic analyzer 
Celltac-α (MEK 6450; Nihon Kohden, Qinlab Diag-
nostik, Weichs, Germany). Both white and red blood 
cell profiles were generated. Total leukocyte count 
data (WBC), lymphocytes, monocytes, basophile, and 
neutrophile granulocytes were analyzed for the white 
blood cell profile, whereas the red blood cell profile 
consisted of red blood cell count (RBC), hemoglobin, 
hematocrit, mean corpuscular volume (MCV), mean 
corpuscular hemoglobin, and mean corpuscular hemo-
globin concentration.

Isolation of PBMC was performed according to a 
method described by Renner et al. (2011). Briefly, hepa-
rinized whole blood was diluted 1:1 with PBS and then 
centrifuged at 603 × g for 35 min at room temperature 
using Biocoll separation solution (Biochrom L6113, 
Biochrom GmbH, Berlin, Germany). The PBMC were 
isolated as buffy coat and analyzed for their metabolic 
activity and the proliferation stimulated by Con A 
(Sigma-Aldrich, Steinheim, Germany) with an Alamar-
Blue reagent (AB; AbD Serotec, Oxford, UK). Each 
well of a 96-well plate was filled with 100,000 cells in 
quintuplicates with or without 0.5 µg of Con A /well. 
Plates were incubated at 37°C with 5% CO2 for 69.5 

h and then centrifuged at 200 × g for 5 min at room 
temperature (Hettich Universal 320, Andreas Hettich 
GmbH & Co.KG, Tuttlingen, Germany). After cen-
trifugation, 100 µL of the supernatants were removed 
from each well and 11 µL of AB (dilution ratio 1:10) 
were added. After further incubation for 2.5 h at 37°C, 
the reduction of nonfluorescent resazurin to fluorescent 
resorufin, which is performed by metabolically active 
cells, was measured photometrically (Tecan infinite 
M200, Grödig, Austria) at 540 nm of excitation and 
590 nm of emission.

To phenotype the T-cell populations, whole blood 
was either stained with monoclonal antibodies for 
CD4+ (mouse anti-bovine CD4: fluorescein isothio-
cyanate, Bio-Rad Laboratories Inc., Hercules, CA) 
and CD8+ (mouse anti-bovine CD8: phycoerythrin, 
Bio-Rad Laboratories Inc.) or with isotype controls 
(mouse IgG2a negative control: RPE or mouse IgG2b: 
fluorescein isothiocyanate negative control, Bio-Rad 
Laboratories Inc.). Samples were incubated at room 
temperature for 30 min. After incubation, lysis buffer 
(BD Biosciences, Franklin Lakes, NJ) was applied for 
10 min to lyse the red blood cells. Samples were centri-
fuged (Heraeus Varifug 3.0R; 200 × g, 4°C, 5 min), then 
resuspended in HEPES-buffered saline and measured 
by the FACSCanto II flow cytometer (BD Biosciences). 
The different populations of lymphoid cells were identi-
fied using distinct side- and forward-scattering charac-
teristics. Measuring was performed until at least 10,000 
lymphocytes were stored in list mode data files. The 
BD FACSDiva software (BD Biosciences) was used to 
adjust the spillover of the fluorochromes fluorescein 
isothiocyanate and phycoerythrin. The quantity of each 
T-cell phenotype was estimated with the help of the 
percentages obtained by the flow cytometer.

The capacity of granulocytes to induce oxidative 
burst and the release of ROS was assessed by measur-
ing the oxidation of nonfluorescent dihydrorhodamine 
123 (DHR) to fluorescent rhodamine 123 (R123) by 
means of hydrogen peroxide with the flow cytometer. 
The fraction of PMNL, which converted DHR to 
R123 by the production of ROS, is represented by the 
R123+ population. The mean conversion of DHR per 
cell can be measured by the mean fluorescence inten-
sity (MFI). Either 40 µM DHR (Molecular Probes, 
Eugene, OR) or 40 µM DHR and 20 nM phorbol my-
ristate acetate (Sigma-Aldrich) were added to whole 
blood samples. Samples were then incubated at 37°C 
for 15 min. Lysis buffer (BD Pharm Lyse, BD Biosci-
ences) was applied for 10 min to lyse red blood cells. 
Thereafter, cells were washed with HEPES-buffered 
saline. Measurement was done dually by the FACS-
Canto II (BD Biosciences) until at least 10,000 granu-
locytes were measured. Granulocytes were defined by 
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their size and granularity by using side and forward 
scattering characteristics.

Calculations and Statistical Analysis

To calculate the proliferation of the PBMC in vitro, 
the stimulation index (SI) was used:

 SI = (fluorescence of cells stimulated with Con A)/  

 (fluorescence of unstimulated cells). [1]

The CD4+-to-CD8+ ratio was calculated according to 
the formula

 CD4: CD8 = (percentage of CD4+)/  

 (percentage of CD8+). [2]

Trevisi et al. (2013) had described a high correlation of 
vitamin E and cholesterol as an indication of circulat-
ing lipoproteins. On that basis, Schäfers et al. (2017b) 
used ratios of vitamin E to cholesterol for calculating 
correlations to vitamin E levels in blood.

Statistical analyses were performed using the SAS 
software package (version 9.4; SAS Institute Inc., Cary, 
NC). The procedure MIXED for repeated measures was 
used with an autoregressive covariance structure (Lit-
tell et al., 1998). The fixed effects in the model were 
CLA, vitamin E, time, parity, and the interaction be-
tween them. Each cow within treatment was considered 
to be a random effect. The day or week of sampling 
was a repeated measure. For all variables, the value 
of the d −42 sample was used as a covariate. Data are 
reported as least squares means ± standard error of the 
mean; P-values >0.05 and ≤0.10 were considered to be 
a trend, whereas P-values ≤0.05 were considered to be 
statistically significant after Tukey post-hoc test.

RESULTS

Samples taken on d 42 a.p. displayed for all presented 
variables showed no significant differences between 
groups. Selected variables of clinical chemistry are 
presented in Figure 1. During the course of the trial, 
haptoglobin concentrations were lower in Pa 1 than in 
Pa 2 (0.70 ± 0.16 vs. 1.38 ± 0.17 mg/mL; P = 0.006) 
and were influenced by time. The concentrations of 
adiponectin (Table 2) were influenced by time only (P 
< 0.001), showing a drop toward day of calving. The 
GLDH activity (not presented) was 14.0 ± 8.94 U/L; 
for this variable, we did not detect any influence of 
time, treatment, or parity. Over the course of the trial, 
AST activity (Table 2) was higher in Pa 2 than in Pa 1 

(97.7 ± 6.01 vs. 81.3 ± 5.39 U/L, P = 0.049) and was 
influenced by time (P < 0.001), showing peaks at d 7 
and 14 p.p. The GGT activity in Pa 1 was 27.6 ± 1.14 
U/L, whereas cows in Pa 2 showed mean activities of 
31.2 ± 1.26 U/L. Although we observed an influence 
of time (P < 0.001) for GGT activity, the difference 
between parities was only a trend (P = 0.054). Pearson 
correlation coefficients between GGT and cholesterol 
were significant for all groups except the CLA + VE 
group (control group: r = 0.27, P = 0.005; VE group: 
r = 0.31, P = 0.002; CLA group: r = 0.32, P = 0.001). 
Concentrations of triglycerides (Table 2) dropped dur-
ing the course of the trial (P < 0.001); we observed the 
lowest concentrations of triglycerides on d 7 p.p. The 
protein concentration (not presented) on d 42 a.p. was 
69.7 ± 1.46 g/L, it dropped to 65.9 ± 1.67 g/L at d 1 
p.p. and increased thereafter to 77.0 ± 1.44 g/L on d 70 
p.p., being influenced by time (P < 0.001). The concen-
trations of ALB (Table 2) were influenced by time (P = 
0.023); ALB concentrations increased from d 42 a.p. to 
reach a peak at d 1 p.p. and decreased again beginning 
on d 7 p.p.. The urea concentrations (Table 2) were 
higher in cows treated with vitamin E than in those not 
treated with vitamin E (25.65 ± 1.28 vs. 20.19 ± 1.15 
mg/dL, P = 0.003) and were influenced by time (P < 
0.001). Expressions of high urea concentration a.p. and 
low concentrations p.p. were caused by the employed 
animal model, which included dietary protein excess 
a.p. and low protein p.p. Bilirubin concentrations (Fig-
ure 1) showed an interaction between time, treatment, 
and parity (P = 0.005), which is reflected by cows in 
Pa 2, except for the control group peaking on d 1 p.p.; 
however, the peak occurred on d 3 p.p for cows in Pa 
1. Pearson correlation coefficients between vitamin E 
in blood and bilirubin were not significant and slope 
of the regression lines did not differ between treatment 
groups. Pearson correlation coefficients between GGT 
and bilirubin were significant only for the CLA (r = 
0.21, P = 0.037) and CLA + VE group (r = 0.38, P < 
0.001).

Figure 2 shows the red blood cell profile. For Pa 1, 
RBC was 5.93 ± 0.07 × 106/µL over the course of the 
trial, whereas cows in Pa 2 showed a mean RBC of 
5.40 ± 0.08× 106/µL. Time (P < 0.001) and parity 
(P = 0.005) had an influence on RBC. In cows in Pa 
1, HGB concentration was 9.93 ± 0.10 g/dL, whereas 
we observed a HGB concentration of 10.2 ± 0.11 g/dL 
in cows in Pa 2. However, the influence of parity was 
only a trend (P = 0.062), whereas time had a signifi-
cant influence (P < 0.001). Progressions of hematocrit 
were analogous, with time eliciting an influence (P < 
0.001) and parity showing a trend (P = 0.075). The 
MCV values in animals treated with vitamin E were 
higher (61.8 ± 0.47 vs. 53.5 ± 0.41 fL) and showed a 



1590 SCHÄFERS ET AL.

Journal of Dairy Science Vol. 101 No. 2, 2018

more profound dip after calving in Pa 2 compared with 
animals in Pa 1. This is reflected by an interaction 
between time, treatment and parity (P < 0.001). The 
mean corpuscular hemoglobin values of the VE group 
in Pa 2 were elevated on d −3, 1, 21, 42, 56, and 70, 
causing an interaction between time, treatment, and 
parity (P = 0.010). During the course of the trial the 
mean corpuscular hemoglobin concentration was 30.9 ± 

0.17 g/dL, with the CLA + VE group in Pa 1 showing 
elevated values on d 28 and 35 p.p., and thereby caus-
ing an interaction between time, treatment and parity 
(P = 0.050).

The white blood cell profile is presented in Figure 3; 
WBC increased toward calving (P < 0.001) and tended 
to be higher in animals treated with vitamin E than in 
those not treated with vitamin E (8.45 ± 0.31 × 103 vs. 

Figure 1. Variables of clinical chemistry of cows in second (left side) and ≥third (right side) parity (LSM). Groups included a control group 
(n = 16; ●, solid line), a CLA group receiving 8.4 g of trans-10,cis-12 CLA/d (n = 16; ■, long dashed line), a vitamin E group (n = 15) receiving 
2,327 IU of vitamin E/d (▲, short dashed line), and a group (n = 12) receiving both treatments (◆, long dash-dotted line) from d −42 until 70 
relative to calving. In the control group, 10 cows were in second and 6 in third or higher parity. In the CLA group, 9 cows were in second and 
6 in third or higher parity. For the vitamin E group, this relationship was 10:5, whereas in the CLA + vitamin E group 5 cows were in second 
and 7 cows in third or higher parity. GGT = gamma-glutamyl-transferase.
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7.90 ± 0.31× 103/µL; P = 0.097). Cows in Pa 1 had the 
tendency toward higher values than those in Pa 2 (8.51 
± 0.31 vs. 7.84 ± 0.31 × 103/µL; P = 0.056). Percent-
age of lymphocytes dropped toward calving (P < 0.001) 
and was higher in Pa 1 than in Pa 2 (37.58 ± 0.74 vs. 
34.27 ± 0.83%; P = 0.005). Percentage of monocytes in 
cows treated with vitamin E was decreased compared 
with those not treated with vitamin E (2.90 ± 0.26 
vs. 3.69 ± 0.31%; P = 0.047), whereas percentage of 
granulocytes increased toward calving (P < 0.001).

Figure 4 shows the evaluation of the AB assay. In 
Pa 2, fluorescence of unstimulated cells was decreased 

compared with Pa 1 (6,478 ± 317 vs. 7,825 ± 273; P 
= 0.002). Fluorescence of stimulated PBMC of control 
group cows in Pa 2 showed a drop on d 7 a.p., which 
is reflected by an interaction between time, treatment, 
and parity (P = 0.001). We observed an influence of 
time (P < 0.001) and parity (P = 0.004) on the SI. Cor-
relation coefficient between fatty acids and SI was sig-
nificant only for the VE group (r = −0.19, P = 0.040).

Population of lymphocytes is presented in Figure 5. 
The CLA group in Pa 1 showed a peak in percentage of 
CD4+-lymphocytes on d 1 a.p., causing an interaction 
between time, treatment, and parity (P = 0.039). Cows 

Table 2. Concentration of adiponectin (ADI), aspartate aminotransferase (AST), triglycerides (TRI), albumin (ALB), and urea in blood serum 
of the experimental groups in 2nd (Pa 1) and 3rd and higher parities (Pa 2) during period 1 (d 42 antepartum until calving), period 2 (d 1–21 
postpartum), and period 3 (d 22–70 postpartum; LSM)1

Item   

Treatment2

SEM

P-value3

Control 
n = 16

CLA 
n = 16

Vitamin E 
n = 15

CLA +  
vitamin E 

n = 12 CLA Vitamin E T Pa
C × VE  

× T × Pa

ADI (mg/mL)           
 Period 1 Pa 1 29.14 29.62 31.04 30.25 0.58 0.325 0.971 <0.001 0.909 0.215
 Pa 2 31.14 29.14 30.51 30.03
 Period 2 Pa 1 27.41 28.72 27.59 24.11 0.55
 Pa 2 30.73 26.30 29.60 27.76
 Period 3 Pa 1 28.67 30.33 26.94 28.17 0.57
 Pa 2 26.28 25.36 28.88 27.52
AST (U/L)           
 Period 1 Pa 1 70.27 61.28 61.19 63.77 5.91 0.972 0.738 <0.001 0.092 0.577
 Pa 2 66.56 68.14 64.60 72.67
 Period 2 Pa 1 119.60 85.58 84.20 84.30 5.12
 Pa 2 119.88 133.03 139.88 119.53
 Period 3 Pa 1 79.24 81.74 83.38 89.53 5.58
 Pa 2 82.98 92.75 71.58 94.40
TRI (mg/dL)           
 Period 1 Pa 1 15.91a 15.87 14.24 14.23ab 0.59 0.893 0.273 <0.001 0.831 0.702
 Pa 2 13.76ab 15.61 14.10 16.02a

 Period 2 Pa 1 12.05ab 7.76 9.66 9.36ab 0.50
 Pa 2 8.80ab 10.76 7.27 9.15ab

 Period 3 Pa 1 8.42b 9.50 10.34 7.84ab 0.56
 Pa 2 9.84ab 10.69 9.32 8.05b

ALB (g/L)           
 Period 1 Pa 1 34.63 34.00 34.03 31.61 0.42 0.072 0.954 0.023 0.076 0.963
 Pa 2 36.34 33.55 36.13 35.17
 Period 2 Pa 1 33.96 33.91 34.59 34.07 0.37
 Pa 2 36.17 32.97 35.26 34.87
 Period 3 Pa 1 35.09 34.91 35.50 33.85 0.40
 Pa 2 36.11 35.51 35.61 36.05
Urea (mg/dL)           
 Period 1 Pa 1 26.42 26.17 31.70 31.68 1.26 0.296 0.008 <0.001 0.991 0.415
 Pa 2 29.99 29.47 34.19 25.85
 Period 2 Pa 1 16.62 16.27 23.26 27.29 1.11
 Pa 2 18.97 18.85 32.03 19.86
 Period 3 Pa 1 14.49 15.79 24.45 18.78 1.19
 Pa 2 13.16 16.96 18.81 14.55
a,bLeast squares means with different superscripts within columns differ (P < 0.05).
1The concentration on d 42 antepartum was used as a covariable in the statistical analysis.
2Treatment: Before calving cows were fed a concentrate proportion of 60%. Postpartum, the concentrate proportion increased from 30 to 50% 
within 3 wk in all groups. CLA (n = 16) and CLA + vitamin E (n = 12) received 8.4 g of trans-10,cis-12 CLA/d (BASF Lutrell; Ludwigshafen, 
Germany). Vitamin E (n = 15) and CLA + vitamin E groups received 2,327 IU of vitamin E/d (BASF Lutavit E 50). The control group (n = 
16) as well as the vitamin E group received 88 g/d of a rumen-protected fat supplement.
3T = time; Pa = parity; C × VE × T × Pa = interaction between CLA, vitamin E, time, and parity.
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Figure 2. Red blood cell profile of whole blood of cows in second (left side) and ≥third (right side) parity (LSM). Groups included a control 
group (n = 16; ●, solid line), a CLA group receiving 8.4 g of trans-10,cis-12 CLA/d (n = 16; ■, long dashed line), a vitamin E group (n = 15) 
receiving 2,327 IU of vitamin E/d (▲, short dashed line), and a group (n = 12) receiving both treatments (◆, long dash-dotted line) from d 
−42 until 70 relative to calving. In the control group, 10 cows were in second and 6 in third or higher parity. In the CLA group, 9 cows were in 
second and 6 in third or higher parity. For the vitamin E group, this relationship was 10:5, whereas in the CLA + vitamin E group 5 cows were 
in second and 7 cows in third or higher parity.
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Figure 3. White blood cell profile of whole blood of cows in second (left side) and ≥third (right side) parity (LSM). Groups included a con-
trol group (n = 16; ●, solid line), a CLA group receiving 8.4 g of trans-10,cis-12 CLA/d (n = 16; ■, long dashed line), a vitamin E group (n = 
15) receiving 2,327 IU of vitamin E/d (▲, short dashed line), and a group (n = 12) receiving both treatments (◆, long dash-dotted line) from d 
−42 until 70 relative to calving. In the control group, 10 cows were in second and 6 in third or higher parity. In the CLA group, 9 cows were in 
second and 6 in third or higher parity. For the vitamin E group, this relationship was 10:5, whereas in the CLA + vitamin E group 5 cows were 
in second and 7 cows in third or higher parity.
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in Pa 1 had lower percentages of CD8+-lymphocytes 
than older cows (10.93 ± 0.63 vs. 13.11 ± 0.71%, respec-
tively; P = 0.022). We detected no influence of time, 
treatment, or parity on the ratio of CD to lymphocytes.

Figure 6 shows the basal and stimulated proportion 
and fluorescence intensity of the R123+ population of 

PMNL. Basal R123+ proportion in Pa 1 was increased 
compared with Pa 2 (10.4 ± 0.56 vs. 8.2 ± 0.63%, re-
spectively; P = 0.012) and decreased by 78% from d 42 
a.p. to d 1 p.p. (P < 0.001). The MFI of basal R123+ 
cells dropped 32% from d 42 to 3 a.p. (P < 0.001). 
Treatment and parity were without effect. Correlation 

Figure 4. Activity of unstimulated and concanavalin A-stimulated peripheral mononuclear blood cells (PBMC) and resulting stimulation 
index of cows in second (left side) and ≥third (right side) parity (LSM). Groups included a control group (n = 16; ●, solid line), a CLA group 
receiving 8.4 g of trans-10,cis-12 CLA/d (n = 16; ■, long dashed line), a vitamin E group (n = 15) receiving 2,327 IU of vitamin E/d (▲, short 
dashed line), and a group (n = 12) receiving both treatments (◆, long dash-dotted line) from d −42 until 70 relative to calving. In the control 
group, 10 cows were in second and 6 in third or higher parity. In the CLA group, 9 cows were in second and 6 in third or higher parity. For the 
vitamin E group, this relationship was 10:5, whereas in the CLA + vitamin E group 5 cows were in second and 7 cows in third or higher parity.
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coefficients between MFI of basal R123+ cells and vita-
min E in serum were only significant for the VE group 
(r = −0.25, P = 0.012). Stimulated R123+ proportion 
peaked on d 1 a.p. (P = 0.038) without influence of 
treatment or parity; MFI of stimulated R123+ propor-
tion increased 29% from d 42 to 1 a.p. (P < 0.001).

DISCUSSION

The objective of our trial was to investigate the influ-
ences of treatment with either CLA or vitamin E or a 
combination thereof on biochemical and hematological 
variables as well as on populations of immune cells and 

Figure 5. Mean proportion of CD4+ and CD8+ subpopulations of lymphocytes as well as the CD ratio of whole blood of cows in second (left 
side) and ≥third (right side) parity (LSM). Groups included a control group (n = 16; ●, solid line), a CLA group receiving 8.4 g of trans-10,cis-12 
CLA/d (n = 16; ■, long dashed line), a vitamin E group (n = 15) receiving 2,327 IU of vitamin E/d (▲, short dashed line), and a group (n = 
12) receiving both treatments (◆, long dash-dotted line) from d −42 until 70 relative to calving. In the control group, 10 cows were in second 
and 6 in third or higher parity. In the CLA group, 9 cows were in second and 6 in third or higher parity. For the vitamin E group, this relation-
ship was 10:5, whereas in the CLA + vitamin E group 5 cows were in second and 7 cows in third or higher parity.
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Figure 6. Mean basal and stimulated proportion and fluorescence intensity (MFI) of rhodamine (R)123+ population of total PMNL of cows 
in second (left side) and ≥third (right side) parity (LSM). Groups included a control group (n = 16; ●, solid line), a CLA group receiving 8.4 g 
of trans-10,cis-12 CLA/d (n = 16; ■, long dashed line), a vitamin E group (n = 15) receiving 2,327 IU of vitamin E/d (▲, short dashed line), 
and a group (n = 12) receiving both treatments (◆, long dash-dotted line) from d −42 until 70 relative to calving. In the control group, 10 cows 
were in second and 6 in third or higher parity. In the CLA group, 9 cows were in second and 6 in third or higher parity. For the vitamin E group, 
this relationship was 10:5, whereas in the CLA + vitamin E group 5 cows were in second and 7 cows in third or higher parity.



Journal of Dairy Science Vol. 101 No. 2, 2018

CONJUGATED LINOLEIC ACID AND VITAMIN E IN COWS 1597

their function in higher-conditioned dairy cows during 
the transition period (mean BCS at d −42 was 3.7). 
Gillund et al. (2001) showed that cows with high body 
condition before parturition are at a particularly high 
risk p.p. for lipomobilization and, consequently, keto-
sis. Therefore, we chose the animal model proposed by 
Schulz et al. (2014), according to which cows sensitive 
to ketosis should be selected for the trial. This model 
was shown by Drong et al. (2016) to be suitable to in-
vestigate the efficacy of treatments on health variables 
of transitional dairy cows. 

The present trial’s serum concentrations of BHB, 
fatty acids, and glucose, as well as variables of lac-
tation performance, were described in Schäfers et al. 
(2017a). According to Holtenius and Holtenius (1996), 
the type-II ketosis is characterized by an increase of 
BHB and fatty acids during the first 3 wk in early 
lactation, which in combination with stress might lead 
to a fatty liver. In our trial, however, cows did not 
develop fatty livers (Schäfers et al., 2017a). Contrary 
to the type-II ketosis, type-I ketosis occurs after 3 to 
6 wk of lactation, with cows able to use ketone bod-
ies to partially compensate for the decreased energy 
intake. Consequently, these animals do then not show 
symptoms related to liver stress. The cows in our trial 
were higher-conditioned (Schäfers et al., 2017a) and fed 
according to the chosen animal model, but they did not 
develop type-II ketosis (Holtenius and Holtenius, 1996). 
High concentrations of fatty acids and ketone bodies in 
early lactation accompanied with a fatty liver might be 
important for the development of diseases in transition 
dairy cows (Roche et al., 2009; Esposito et al., 2014). 
The activity of AST, GGT, and GLDH measured blood 
is suitable for assessing liver cell integrity (Bertoni and 
Trevisi, 2013). Sevinc et al. (2001) reported that elevat-
ed activities of AST and GGT are linked to fatty liver. 
During the present trial, the activities of these enzymes 
were in all groups within physiological range according 
to Kraft and Dürr (2005); therefore, we can conclude 
that liver cell integrity was not impaired. Consequently, 
it was not possible to show any effect of treatment on 
variables of clinical chemistry related to liver health. 

The peak bilirubin concentration in our trial observed 
shortly after parturition exceeded the physiological con-
centration of 0.35 mg/dL. Increased bilirubin concen-
trations might be attributed to prehepatic, hepatic, or 
posthepatic causes. Bertoni and Trevisi (2013) suggest 
that increased bilirubin concentrations around parturi-
tion are caused by inflammation, which is responsible 
for a reduced production of liver proteins. We assumed 
that, among the reduced liver proteins, enzymes respon-
sible for excretion of bilirubin into bile were reduced as 
well and that, consequently, this excretion might be 
impaired. According to Bobe et al. (2004), increased 

bilirubin might also be an indicator of a decreased 
bile flow within the liver. Correlations between GGT 
and bilirubin were significant for the groups treated 
with CLA, whereas correlations between GGT and 
cholesterol were significant for all groups except the 
CLA + VE group. This might indicate a decreased bile 
flow, which we, however, did not particularly measure. 
As concentrations were within physiological values 14 
d after parturition for cows in Pa 1 and 28 d after 
parturition for cows in Pa 2, we concluded that that 
the effect of inflammation around parturition on the 
production of liver proteins was more severe in older 
than in younger cows.

Hematological variables were influenced by day and, 
hence, by parturition rather than by treatment. A 
hemoconcentration caused by a reduced water intake 
around calving might be responsible for the peaks in 
hemoglobin and hematocrit. According to Shperling 
and Danon (1990), the MCV in humans increases with 
age. This increase is probably caused by a decreased 
lifespan of red blood cells, leading to an increased pro-
duction of red blood cells. As young red blood cells 
have a higher volume, the MCV consequently increases 
as well. Generally, the values were within physiologi-
cal ranges according to Kraft and Dürr (2005) for all 
groups during our trial. Therefore, we came to the 
conclusion that neither treatment nor parity elicited a 
negative effect on the red blood profile.

The increase in WBC toward calving is in line with 
literature (Zerbe et al., 2000; Drong et al., 2017). Ac-
cording to Quiroz-Rocha et al. (2009), the WBC of cows 
in 3rd or higher parity should be enhanced compared 
with cows in the 2nd parity before calving; this finding 
was not confirmed by the present results. Similar to 
Kelley et al. (2002) and Albers et al. (2003) in humans, 
as well as Song et al. (2005) in mice, we detected no 
influence of treatment with CLA on the white blood 
cell profile. Meydani et al. (1997) reported that vitamin 
E supplementation did not affect total quantity of B 
and T lymphocytes in humans, which is in accordance 
with our findings; however, supplementation with CLA 
and vitamin E might elicit a different effect in cows 
challenged by ketosis.

The subpopulations and functionality of immune cells 
were influenced by parturition and not by treatment or 
parity. Metabolic activity of PBMC was lowest around 
parturition, which is in accordance with the findings of 
Ishikawa (1987), Detilleux et al. (1994), Lessard et al. 
(2004), and Renner et al. (2012). The ability of PBMC 
to respond to stimulation showed in all groups the low-
est values on d 7 p.p., which is in accordance with the 
results by Hussen et al. (2011) and Renner et al. (2013). 
In the present trial, we observed no difference in SI 
increase after parturition, and that no effect of CLA 
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supplementation could be found may be attributed to 
several factors. Though we did not analyze the fatty 
acid profile in PBMC, we assumed that a dose of 8.4 
g of CLA/d for 112 d was sufficient to include trans-
10,cis-12 CLA into the fatty acid profile. Hussen et al. 
(2011) and Renner et al. (2012) reported a change of 
fatty acid profile at 5.7 g of CLA/d for 105 d; Renner et 
al. (2012) also observed negative correlations between 
fatty acids and SI. In the present study, correlations 
between fatty acids and SI were not significant; there-
fore, we might conclude that fatty acid concentrations 
were not high enough to provoke a disrupting effect on 
PBMC. Peak fatty acid concentration in our study was 
0.79 mmol/L at d 7 p.p. Lacetera et al. (2004) reported 
a decreased proliferation of PBMC from fatty acid con-
centrations of 1 mmol/L and above. Park and Pariza 
(1998) observed that commercial calf serum as used in 
the AB assay can contain significant amounts of trans-
10,cis-12 CLA itself, which might mask the effect of the 
exogenous CLA supplementation. According to Nugent 
et al. (2005), the effect of CLA on PBMC might also be 
attributed to the cis-9,trans-11 isomer. Those authors 
observed an influence of CLA when cows received 1.4 
g/d of cis-9,trans-11 CLA in an 80:20 mixture. The 
PBMC of cows that received 1 g/d of cis-9,trans-11 
CLA in a 50:50 mixture were not influenced; however, 
cows in our trial received a higher dose of 8.4 g/d of cis-
9,trans-11 CLA in a 50:50 mixture. Therefore, it might 
be possible that not the daily amount of cis-9,trans-11 
CLA is crucial, but the ratio of both isomers.

Contrary to Hussen et al. (2011), who detected a 
decrease of CD4+ lymphocytes from d 21 p.p. on in 
animals treated with 5.7 g of CLA daily, we did not 
detect any changes in lymphocyte subpopulations. 
The observed distinct nadir of the R123+ proportion 
of granulocytes from 2 to 10% shortly after calving is 
in line with results described in literature (Dosogne et 
al., 1999; Rinaldi et al., 2008); and Drong et al. (2017) 
emphasized the importance of parturition for the oxida-
tive system of the cow. The R123+-populations in cows 
in 3rd or higher parity were increased only from d 28 
p.p. on. Consequently, we concluded that the ability of 
PMNL to elicit an oxidative burst reaction might be 
impaired in older cows compared with younger cows. 
This effect of aging is well described in literature for 
human PMNL (Niwa et al., 1989). As the oxidative 
burst of granulocytes is an important defense mecha-
nism against pathogens, older cows might be more 
sensitive to infections. We did not observe any influ-
ence of supplementation. Ndiweni and Finch (1996) 
found in vitro that vitamin E increased chemotactic 
and phagocytic abilities as well as the production of 
superoxide of bovine PMNL. Politis et al. (1995, 2004) 
reported that doses of 3,000 IU/d of vitamin E increase 

the function of bovine PMNL. Gyang et al. (1984) com-
pared the phagocytizing ability of cows supplemented 
with 1,000 IU of vitamin E and selenium to that of 
selenium-deficient cows and detected no difference in 
function of PMNL. Therefore, we can conclude that 
supplementation with 2,354 IU of vitamin E does not 
increase the function of PMNL to phagocyte pathogens 
and that a daily supplementation of at least 3,000 IU 
might be necessary. Kang et al. (2007) reported that 
trans-10,cis-12 CLA upregulates the PPARγ-expression 
in porcine PBMC, which leads to an increased produc-
tion of tumor necrosis factor-α and consequently im-
proves the phagocytic capacity of PMNL. Furthermore, 
Kang and Yang (2008) observed that supplementation 
of trans-10,cis-12 CLA enhances the phagocytic capac-
ity and oxidative burst activity in PMNL of dogs. Be-
cause vitamin E is a ligand at PPARγ, we assumed that 
supplementation of CLA and vitamin E might have 
an effect on the function of PMNL. As this is not the 
case, further studies are necessary to clarify stimulation 
mechanisms of bovine PMNL.

CONCLUSIONS

The aim of this study was to investigate the effects 
of treatment with CLA or vitamin E or a combination 
thereof on biochemical, hematological and immunologi-
cal variables of dairy cows during the critical transition 
phase. Elevated BHB and fatty acid concentrations 
play an important role in the disruption of immune 
functions around calving. Though we applied an estab-
lished animal model, which has been proven to increase 
the susceptibility for lipomobilization and ketosis, cows 
in the present trial did not show ketotic concentrations 
of BHB and fatty acids. Therefore, the potential to ob-
serve treatment effects might have been limited. How-
ever, we can conclude that the supplemented dose of 
vitamin E was not sufficient to counteract the immune 
suppression caused even in healthy cows by the event 
of parturition. Furthermore, we concluded that the im-
mune function of older cows was more sensitive to the 
event of calving. Older cows might be more susceptible 
to inflammatory events, which might be caused by their 
impaired ability to produce liver proteins in the state of 
inflammation caused by the event of parturition.
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