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ABSTRACT

Negative energy balance in dairy cows in early lacta-
tion has been associated with increased inflammation
and oxidative stress in these cows. The objective of
this study was to evaluate the effects of dry period
(DP) length and dietary energy source on inflamma-
tory biomarkers and oxidative stress in dairy cows.
Holstein-Friesian dairy cows (60 primiparous and 107
multiparous) were assigned randomly to a 3 x 2 facto-
rial design with 3 DP length (0, 30, or 60 d) and 2
early lactation rations (glucogenic or lipogenic). Cows
were fed a glucogenic or lipogenic ration from 10 d
before the expected calving date. Blood was collected
in wk —3, —2, —1, 1, 2, and 4 relative to calving. Dry
period length affected inflammatory biomarkers and
oxidative stress, especially in wk 1 and 2 after calving.
Cows with a 0-d DP had higher levels of ceruloplasmin,
cholesterol, and reactive oxygen metabolites, and they
tended to have higher haptoglobin levels compared
with cows with a 30- or 60-d DP. Cows with a 0-d DP
had a lower plasma paraoxonase and bilirubin in the
first 2 wk after calving and a lower liver functionality
index compared with cows with a 60-d DP. Cows of
parity >3 fed a glucogenic ration had higher cholesterol
levels compared with cows of parity >3 fed a lipogenic
ration. No interaction between DP length and ration
was present for inflammatory biomarkers or oxidative
stress variables. Plasma bilirubin levels for cows with a
0-d DP were negatively related to energy balance and
metabolic status in these cows. Moreover, occurrence of
clinical health problems (fever, mastitis, metritis, and
retained placenta) was 41, 27, and 30% for cows with
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0-, 30-, and 60-d DP, respectively. High levels of ceru-
loplasmin, cholesterol, and reactive oxygen metabolites
in cows with 0-d DP were related to the occurrence of
health problems in these cows. In conclusion, omitting
the DP increased levels of ceruloplasmin, cholesterol,
and reactive oxygen metabolites, and decreased levels
of bilirubin and paraoxonase in plasma, independent
of ration, compared with cows with a 60-d DP. These
contrasting effects of DP length on inflammatory status
could be explained in part by the improved energy bal-
ance and occurrence of health problems in these cows,
but was not related to increased somatic cell count in
cows with a 0-d DP. Cows with a 0-d DP had better
energy balance, but also had higher levels of oxidative
stress compared with cows with a 60-d DP. Moreover,
occurrence of health problems did not differ between
cows with different DP lengths.

Key words: continuous milking, acute phase protein,
oxidative stress, energy balance

INTRODUCTION

During the transition period, which lasts from 3 wk
before to 3 wk after calving (Drackley, 1999), dairy
cows experience negative energy balance (NEB),
which is accompanied by metabolic disorders and by
increased inflammation (Bionaz et al., 2007; Trevisi et
al., 2012a), immunosuppression (Mallard et al., 1998),
and oxidative stress (Sordillo et al., 2009). Proinflam-
matory cytokines are related to increased inflammation
during NEB (Grimble, 1990; Ametaj et al., 2005) by
stimulating hepatic synthesis of positive acute phase
proteins (APP), such as haptoglobin and ceruloplas-
min, and impairing hepatic synthesis of negative APP,
such as albumin and cholesterol (Bionaz et al., 2007;
LeBlanc, 2012). Cows with NEB and inflammation
have higher bilirubin in plasma due to impairment of
hepatic function (Bertoni et al., 2008). Paraoxonase is
part of an extensive antioxidative system (Turk et al.,
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2004) and is considered a negative APP (James and
Deakin, 2004). In the early postpartum period, a lower
plasma paraoxonase activity is positively associated
with lipid metabolic disorders. Negative energy balance
and high plasma free fatty acid (FFA) levels contribute
to the development of fatty liver, which is in turn a
contributing factor to other health concerns (e.g., me-
tritis and retained placenta; Kaneene et al., 1997) and
periparturient immunosuppression in the postpartum
period (Lacetera et al., 2005; Kehrli et al., 2006).

Shortening or omitting the dry period (DP) during
early lactation in dairy cows has been shown to im-
prove energy balance (EB) (van Knegsel et al., 2014)
and metabolic status (Rastani et al., 2005; Chen et
al., 2015) of dairy cows in the subsequent lactation.
However, earlier studies showed variable effects of dry
period length (DPL) on mammary health (Pezeshki et
al., 2007; Watters et al., 2008; Mayasari et al., 2016).
A shortened DP (34-40 d) compared with a conven-
tional DP (55-65 d) did not result in differences in
SCC (Gulay et al., 2003; Watters et al., 2008; Shoshani
et al., 2014) or clinical mastitis (CM; Enevoldsen and
Sorensen, 1992; Watters et al., 2008; Shoshani et al.,
2014). Other studies have shown that a shortened DP
was associated with a tendency for higher SCC (Ré-
mond et al., 1997; Annen et al., 2004) or tendency
for lower SCC (Rastani et al., 2005) compared with a
conventional DP. Some studies (Klusmeyer et al., 2009;
Mayasari et al., 2016) concluded that omitting the DP
resulted in higher SCC values compared with cows with
a 56-d DP, but some studies showed no differences on
SCC between cows with 0- and 56-d DP (Rastani et al.,
2005; Kopf et al., 2014). Another study showed that
omitting DP had a tendency for higher SCC (Rémond
et al., 1997) compared with a conventional DP. To our
knowledge, omitting the DP did not affect occurrence
of CM (Rémond et al., 1997; Mayasari et al., 2016).
The effects of shortening or omitting the DP in dairy
cows on inflammatory biomarkers, liver functionality
(paraoxonase and bilirubin levels), oxidative stress [re-
active oxygen metabolites (ROM) and ferric-reducing
antioxidant power (FRAP) levels], and creatinine as
markers for mobilization of body muscle have not been
reported.

We can hypothesize that when EB is improved by
shortening or omitting the DP, the beneficial effects of
other management strategies, such as feeding a more
glucogenic ration to improve EB and metabolic health,
are reduced. Earlier, we reported that cows used in the
current experiment fed a glucogenic ration compared
with a lipogenic ration had improved EB (van Knegsel
et al., 2014) and decreased plasma BHB concentra-
tion (Chen et al., 2015), independent of DPL. In other
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studies, reduced FFA and BHB concentrations were
associated with increased cholesterol and reduced hap-
toglobin levels in plasma (Bionaz et al., 2007; Trevisi et
al., 2009) and reduced plasma ROM levels (Bernabucci
et al., 2005; Trevisi et al., 2009). Thus, we could expect
that feeding a glucogenic ration would reduce inflam-
mation and oxidative stress of cows with different DPL.

Our hypothesis was that improving EB and meta-
bolic status by omitting or shortening the DP would
reduce the inflammatory response (i.e., higher levels of
negative APP, lower levels of positive APP, and higher
liver functionality) and oxidative stress (lower ROM
and higher FRAP levels in plasma) during the transi-
tion period. Moreover, if omitting the DP resulted in
increased SCC but no occurrence of CM, inflammatory
biomarkers and oxidative stress may not be affected.
The objective of this study was to evaluate effects of
DPL and dietary energy source on inflammatory bio-
markers and oxidative stress in plasma from dairy cows.

MATERIALS AND METHODS
Animals and Experimental Design

The Institutional Animal Care and Use Committee
of Wageningen University (Wageningen, the Nether-
lands) approved the experimental protocol (registration
number 2010026). The experimental design, DPL, and
dietary contrasts were described by van Knegsel et al.
(2014). In summary, 167 Holstein-Friesian dairy (60
primiparous and 107 multiparous) were selected from
the Dairy Campus research herd (WUR Livestock Re-
search, Lelystad, the Netherlands), blocked according
to parity, calving date, milk yield in previous lactation,
and BCS, and randomly assigned to treatments within
blocks. In total, 28 blocks were used and each block
consisted of 6 cows and 1 cow/treatment (28 blocks x
6 cows = 168 cows; 1 cow was excluded because she
received the wrong ration at drying off). Before the
experiment began, all cows had SCC <250,000 cells/
mL at the last and second last monthly test-day record-
ings. Treatments consisted of 3 DPL (0, 30, or 60 d)
and 2 early lactation rations (glucogenic or lipogenic)
resulting in a 3 x 2 factorial design. Cows used in this
study were clinically healthy at start of the experiment.
Cows were housed in a freestall with slatted floor and
cubicles, and milked twice daily (0500 and 1630 h). The
drying-off protocol was as follows: cows with a 30-d or
a 60-d DP received a far-off ration 7 d before drying-off
and were milked once daily 4 d before drying-off. All
cows were treated with an intramammary antibiotic
at drying off (Supermastidol; Virbac Animal Health,
Barneveld, the Netherlands).
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Rations

Ration composition was described previously (van
Knegsel et al., 2014). Prepartum, cows with 30-d and
60-d DP received a dry cow ration, and cows with a
0-d DP received a lactating cow ration supporting 25
kg of milk yield per day. From 10 d before expected
calving onward, cows of all treatments were fed 1 kg/d
of glucogenic or lipogenic concentrate, which was in-
creased postcalving in steps of 0.5 kg/d until the con-
centrate supply reached 8.5 kg/d. The main ingredient
of the glucogenic concentrate was corn, and the main
ingredients of the lipogenic concentrate were sugar beet
pulp, palm kernel, and rumen-protected palm oil. A
computerized feeder located in the freestall provided
experimental concentrates. Cows in the parlor received
1 kg/d of standard lactation concentrate. Forage com-
position did not differ among rations and was supplied
ad libitum and consisted prepartum of grass silage,
corn silage, wheat straw, and a protein source (rapeseed
meal or soybean meal) in a ratio of 39:25:25:11 (DM
basis). Postpartum, forage consisted of grass silage,
corn silage, straw, and a protein source (rapeseed meal
or soybean meal) in a ratio of 51:34:2:13 (DM basis).
Rations were isocaloric [net energy basis: Dutch net
energy evaluation (VEM) system; Van Es, 1975], and
contained equal amounts of intestinal digestible pro-
tein and degraded protein balance (DVE/OEB system;
Tamminga et al., 1994). Concentrate and forage were
supplied separately.

Milk Yield and Composition, EB, DMI, and SCC

Milk sampling and EB calculation were described
previously by van Knegsel et al. (2014). In short, milk
yield was recorded daily. Milk samples for fat, protein,
lactose, and SCC analysis (ISO, 2013; Qlip NV, Zut-
phen, the Netherlands) were collected 4 times per week
(Tuesday afternoon, Wednesday morning, Wednesday
afternoon, and Thursday morning). Dry matter intake
was recorded weekly. Energy balance was calculated ac-
cording to the VEM system (Van Es,; 1975; CVB, 2005)
as the difference between VEM supplied with feed and
VEM required for maintenance and milk production.
Animal maintenance requirements are 42.4 VEM/
kg"™-d (where 1,000 VEM = 6.9 MJ of net energy).
The VEM required for milk production is 442 VEM /kg
of fat- and protein-corrected milk (Van Es, 1975).

Blood Sampling

Blood sampling was described previously by Chen et
al. (2015). In short, blood samples from 92 cows were
taken weekly from the tail vein at 3 h before the morn-

ing feeding from wk —3 to 8 relative to calving. Blood
was collected in evacuated tubes (Vacuette, Greiner
BioOne, Kremsmunster, Austria) containing NaF for
glucose; EDTA for insulin, FFA, BHB, and urea analy-
sis; or lithium heparin for IGF-I, haptoglobin, cerulo-
plasmin, cholesterol, albumin, bilirubin, paraoxonase,
ROM, FRAP, and creatinine. Samples were kept cold
on ice for a maximum of 2 h until they were centrifuged
at 3,000 x ¢ for 15 min at 4°C. Plasma was decanted,
aliquoted, and frozen at —20°C until analysis.

Laboratory Analysis

Plasma samples for metabolite and hormones deter-
mination were analyzed at the Veterinary Physiology
group of the Vetsuisse Faculty, University of Bern
(Bern, Switzerland). Concentrations of glucose and urea
were measured using commercial kits no. 61269 and
no. 61974 from bioMérieux (Marcy I’Etoile, France), as
described previously (Graber et al., 2012). Concentra-
tions of FFA and BHB were measured enzymatically
using kit no. 994-75409 from Wako Chemicals (Neuss,
Germany) and kit no. RB1007 from Randox Labora-
tories (Ibach, Switzerland), as described previously
(Graber et al., 2012). Insulin-like growth factor-1 and
insulin were measured using RIA, as described previ-
ously (Vicari et al., 2008).

Inflammatory biomarkers and oxidative stress were
measured at the Istituto di Zootecnica of the Universita
Cattolica del Sacro Cuore (Piacenza, Italy), following
the procedures previously described by Bionaz et al.
(2007), Calamari et al. (2016), and Jacometo et al.
(2015) using a clinical auto-analyzer (ILAB 650, Instru-
mentation Laboratory, Lexington, MA). In short, total
cholesterol (cat. no. 0018250540), albumin (cat. no.
0018250040), total bilirubin (cat. no. 0018254640), and
creatinine (cat. no. 0018255540) were measured using
the IL Test purchased from Instrumentation Laborato-
ry Spa (Werfen Co., Milan, Italy). The haptoglobin was
determined with the method described by Skinner et al.
(1991) and Owen et al. (1960), adapted to ILAB 650
condition. The method based on peroxidase activity of
methemoglobin-haptoglobin complex measured by the
rate of oxidation of guaiacol (hydrogen donor) in the
presence of hydrogen peroxide (oxidizing substrate).
The ceruloplasmin was determined with the method
described by Sunderman and Nomoto (1970), adapted
to ILAB 650 conditions. The test is based on measure-
ment of the color, which originates from the oxidation
of p-phenylenediamine dihydrochloride induced by the
ceruloplasmin. Reactive oxygen metabolites were mea-
sured using commercial kits (kit d-ROMs-test MC003;
Diacron International s.r.l., Grosseto, Italy) adapted
to the ILAB 650 conditions. Antioxidant potential was
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assessed as ferric-reducing antioxidant power (FRAP)
using the colorimetric method of Benzie and Strain
(1996). Plasma paraoxonase (PON) activity was mea-
sured by adapting the method of Ferré et al. (2002) to
the ILAB 650 conditions.

Statistical Analysis

The MIXED procedure of SAS (version 9.2; SAS In-
stitute Inc., Cary, NC; Littell et al., 1996) for repeated-
measures analysis was used to analyze the effects of
DPL and ration on inflammatory biomarkers and oxi-
dative stress. The fixed effects were DPL (0, 30, or 60
d), ration (glucogenic or lipogenic), parity (2, 3, or >3),
wk (=3, =2, —1, 1, 2, and 4 relative to calving), and
their 2-way interactions (model 1). Cow was considered
the repeated subject. All variables approximated nor-
mality of residuals by examining whether skewness and
kurtosis were in a range of —2 to 2. Four covariance
structures were tested: compound symmetry, heteroge-
neous compound symmetry, first-order autoregressive
[AR (1)], and unstructured covariance structure. Co-
variance structure that resulted in the smallest Akaike
information criterion was used. For comparison of DPL
effects, P-values are presented after a Tukey-Kramer
adjustment. Preliminary analysis showed that effects
of DPL were more pronounced in the first 2 wk after
calving; therefore, data were analyzed separately for
the total transition period (-3, —2, —1, 1, 2, and 4
relative to calving) and for the first 2 wk after calving.
The [AR (1)] covariate structure covariance structure
was the best fit and was used to account for within-cow
variation. Preliminary results showed that the levels of
bilirubin for all samples were relatively low compared
with earlier studies (Bionaz et al., 2007; Bertoni et al.,
2008; Trevisi et al., 2012a). The animal experiment
was performed from 2010 until 2013, and the prolonged
storage condition of the plasma samples may have af-
fected the level of bilirubin. However, in the current
study, the dynamic of bilirubin levels by week around
calving followed the typical pattern of change observed
in the peripartum period in earlier studies (Ametaj et
al., 2005; Bionaz et al., 2007; Trevisi et al., 2012a).
All plasma parameters were set with calibration curves,
and data were standardized using quality control
standards (internal and purchased by Instrumentation
Laboratory, Lexington, MA).

Liver functionality index (LFI) was calculated ac-
cording to Trevisi et al. (2012a). Albumin, cholesterol,
and bilirubin data were used to calculate the LFI. The
LFI calculation is carried out in 2 steps; the first step
considers the values of the 3 parameters observed in wk
1 and their changes between wk 1 and 4. In the second
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step, these partial indices are standardized according to
average values observed in “healthy” cows. The higher
the LFI, the better the adaptation of the cow to the
transition period; lower LFI indicates the presence of
inflammation and metabolic disorders (Trevisi et al.,
2016). The LFI was calculated according to the follow-
ing formula:

LFI = [(albumin index — 17.71)/1.08
+ (cholesterol index — 2.57)/0.43
— (bilirubin index — 6.08)/2.17)].

These partial indices were categorized to 4 quartiles
of LFI: low, intermediate low, intermediate-high, and
high. To determine the 4 quartiles, first we ranked cows
by LFI value from smallest to highest, and then we di-
vided cows into 4 groups with equal numbers of cows in
each. The high LFI value was taken to define “healthy”
and “well-adapted” cows and low values were associated
with a large inflammatory response and clinical health
problems. Clinical health problems were defined as
occurrence of metritis, fever, mastitis, or retained pla-
centa per cow per week; these are diseases that cause
an inflammatory response. Healthy cows were defined
as cows not treated for disease. The frequency of clini-
cal health problem was determined in the 4 quartiles
of LFI from wk 1 to 4 postcalving. Statistical analysis
for LFI was performed in the first 4 wk after calving
with model 1. Because there was only one LFI value
per cow, week was excluded from the model. The AR
(1) covariance structure was the best fit and was used
to account for within-cow variation. Statistical analysis
for milk yield, EB, SCC, plasma metabolites, and hor-
mones were performed in the first 2 wk after calving
with model 1. Cow was considered the repeated sub-
ject. The AR (1) covariate structure was determined to
be the best fit and was used to account for within-cow
variation. For comparison of DPL effects, P-values are
presented after a Tukey-Kramer adjustment. The result
for milk yield, EB, SCC, plasma metabolites, and hor-
mones in the first 2 wk after calving are presented in
Appendix Table Al.

To analyze whether EB, SCC, or clinical health
problems (yes or no) explained the differences in in-
flammatory biomarkers and oxidative stress between
DPL in the first 2 wk after calving, EB, SCC, and
clinical health problems were included as fixed effects
in the model 1. Average EB, SCC, and clinical health
problems (1 or 0) were included as covariates in the
model one by one. Cow was considered as the repeated
subject. The AR (1) covariate structure was the best fit
and was used to account for within-cow variation. For
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comparison of DPL effects, P-values are presented after
a Tukey-Kramer adjustment. Values are presented as
least squares means (LSM) with their pooled standard
errors of the mean (SEM), unless otherwise stated.

RESULTS

Effects of DP and Ration on Inflammatory
Biomarkers in Plasma of Cows

During the transition period from wk —3 to 4 relative
to calving, cows with a 0-d DP had higher ceruloplas-
min and cholesterol levels in plasma compared with
cows with a 30-d or a 60-d DP (Table 1). Cows with a
60-d DP had higher bilirubin levels compared with cows
with a 30-d DP. Plasma bilirubin levels did not differ
among cows with a 0-d DP and those with a 30-d or
60-d DP. The effects of DPL on inflammatory biomark-
ers were more pronounced in the first 2 wk after calving
(Figure 1). In the first 2 wk after calving, cows with a
0-d DP had higher levels of ceruloplasmin and choles-
terol and tended to have higher haptoglobin levels in
plasma compared with cows with a 30-d or a 60-d DP
(Table 2). In addition, in the first 2 wk after calving,
cows with a 0-d DP had lower plasma paraoxonase and
bilirubin levels compared with cows with a 60-d DP.
From wk —3 to 4 relative to calving, cows of parity >3
had higher ceruloplasmin and lower albumin levels in
plasma compared with cows of parity 2 (1.7 vs. 1.8 vs.
1.8 + 0.1 pmoL/L and 37.8 vs. 36.9 vs. 36.8 + 0.2 g/L
for parity 2 vs. 3 vs. >3 for ceruloplasmin and albumin,
respectively). From wk —3 to 4 relative to calving, we
detected an interaction between ration and parity for
cholesterol. Cows of parity >3 fed a glucogenic ration
had higher cholesterol in plasma compared with cows
fed a lipogenic ration. In contrast, cows of parity 2
fed a lipogenic ration had higher cholesterol in plasma
compared with cows fed a glucogenic ration.

Effects of DP and Ration on LFI in Plasma of Cows

Cows with a 0-d DP had lower LFI compared with
cows with a 30-d or 60-d DP (Table 1). Significant in-
teractions between DP x ration and DP x parity were
found for LFI. We ranked cows by LFI and divided them
into 4 groups with an equal number of cows, resulting
in the 4 quartiles of LFI: low (—1.70 to 0.70), inter-
mediate-low (0.86 to 2.32), intermediate-high (2.36 to
3.34), and high (3.36 to 12.00). Cows with low LFT had
a higher frequency of clinical health problem (mastitis,
metritis, retained placenta, and fever; 17 occurrences)
compared with intermediate-low, intermediate-high,
and high LFT (7 vs. 1 vs. 8 occurrences, respectively;
P < 0.01).

metabolites (ROM) and ferric reducing antioxidant power (FRAP)], creatinine and liver functionality index in plasma of dairy cows with varying dry period lengths (0, 30, or 60

Table 1. Inflammatory biomarkers (haptoglobin, ceruloplasmin, albumin and cholesterol), index of liver function (paraoxonase and bilirubin), oxidative stress [reactive oxidative
d) and fed either a glucogenic (G) or a lipogenic (L) ration (LSM =+ pooled SEM) from wk —3 to 4 relative to calving

1
P-values

Ration

Dry period length (d)

W2 DxR DxP DxW PxR

SEM G L SEM D

60

30

Ttem

0.63
0.90
0.13
0.01
0.88
0.87
0.26
0.44
0.24

0.20
<0.01

0.22
0.49
0.06
0.23
0.34
0.72
0.53
0.07
0.01

0.15
0.88
0.36
0.68
0.04
0.20
0.82
0.60
0.67

<0.01

0.50
0.05
0.03

<0.01

0.62
0.31
0.38
0.09
0.13
0.83
0.37
0.61
0.30

0.35
<0.01

0.02
0.06
0.31
0.08
0.03
1.62
0.27
3.67
1.38

45
0.43

44
0.41
1.81

37.02

0.03
0.07
0.40
0.11
0.06
2.02
0.33
5.25
1.74

29
0.38

31
0.43

29
0.44

Cows (n = 89)
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1.67"
37.67

1.68"

36.95

1.98"
36.98

Haptoglobin (g/L)

<0.01

1.74
37.38

Ceruloplasmin (pmol/L)

Albumin (g/L)

0.28
<0.01

<0.01

0.35
<0.01

3.26" 2.91°

3.70"

<0.01

3.20
0.85
42.92

3.39
0.79

43.41

Cholesterol (mmol/L)
Bilirubin (pmol/L)

0.93"
44.41

0.80""
39.50

<0.01

<0.01

0.29
0.64
0.23
0.01
0.02

0.04
0.08

<0.01

0.73"
45.60

0.02
<0.01

<0.01

Paraoxonase (U/mL)

14.39"
164.05

15.03"
167.10

<0.01

15.24
166.39

15.57
168.39

16.79"
171.02

ROM (mg of H,0,/100 mL)

FRAP (pmol/L)

0.54
0.35

<0.01

0.66
0.25

<0.01

104.99

105.78 103.10
40

25

104.49
28

101.74

42

29

Creatinine (pmol/L)

Cows (n = 82)

<0.01 NA? <0.01  0.02 NA 0.08

0.70

0.13 <0.01

2.39 2.46

0.16

2.49° 2.85"

1.92°

Liver functionality index

*PValues within a row (across dry period lengths) with different superscripts differ (P < 0.05).

*Weeks —3, —2, —1, 1, 2, and 4 relative to calving.

'D = dry period; R = ration; P = parity.
SNA = not applicable.
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Figure 1. Inflammatory biomarkers (haptoglobin, ceruloplasmin, albumin, and cholesterol), index of liver function (paraoxonase and biliru-
bin), oxidative stress markers [reactive oxidative metabolites (ROM) and ferric reducing ability of plasma (FRAP)], and creatinine in plasma of
dairy cows per dry period lengths (0, 30, or 60 d) per week (means & SEM). P-values of dry period length (DPL) and interaction between DPL
x week (W) for each parameter are shown. Asterisks indicate significant (P < 0.05) differences between DPL within week.
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Effects of DP and Ration on Oxidative Stress
in Plasma of Cows

Cows with a 0-d DP had higher levels of ROM in
plasma compared with cows with a 30-d or 60-d DP
(Table 1). The contrasts between DPL for ROM levels
were more pronounced in the first 2 wk after calving.
We detected no effect of DPL on FRAP levels in plasma
of cows but did detect an interaction between DPL and
parity for FRAP. Cows of parity >3 cows had lower
FRAP compared with cows with parity <3 (171.6 vs.
171.2 vs. 158.9 £ 4.0 pmol/L for parity 2 vs. 3 vs. >3)
in the first 2 wk after calving.
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Effects of DP on Creatinine, Milk Yield, DMI, EB,
SCC, Plasma Metabolites, and Hormones

There was no effect of DPL or ration on creatinine
levels in plasma of cows (Tables 1 and 2). However,
there was an interaction between DPL and parity for
creatinine. Cows of parity >3 had higher creatinine in
plasma when they had a 0-d DP compared with cows
of parity 2. Contrary, cows of parity >3 had lower cre-
atinine in plasma when they had a 30-d or 60-d DP
compared with cows of parity 2 and 3. In the first 2 wk
after calving, cows with a 0-d DP produced less milk,
had better EB, higher SCC in milk, lower FFA, higher
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Figure 1 (Continued). Inflammatory biomarkers (haptoglobin, ceruloplasmin, albumin, and cholesterol), index of liver function (paraox-
onase and bilirubin), oxidative stress markers [reactive oxidative metabolites (ROM) and ferric reducing ability of plasma (FRAP)], and creati-
nine in plasma of dairy cows per dry period lengths (0, 30, or 60 d) per week (means + SEM). P-values of dry period length (DPL) and interac-
tion between DPL x week (W) for each parameter are shown. Asterisks indicate significant (P < 0.05) differences between DPL within week.
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15.18"
168.64

16.13"
163.28

0.22
0.83
0.47

0.32
0.24
0.22

0.29
0.53
0.02

0.93
0.51

0.95
0.57

<0.01

0.46
0.64
0.68

0.30
0.41
0.23

<0.01

0.36
7.70
1.75

16.49
162.57

17.01
271.63

0.44
9.40
2.14

18.95"
169.38

ROM (mg of H,0,/100 mL)

FRAP (pmol/L)

0.88
0.17

0.73

104.35

101.38

102.79 105.78

100.02

Creatinine (pmol/L)

**Values within a row (across dry period lengths) with different superscripts differ (P < 0.05).

'D = dry period; R = ration; P = parity.

MAYASARI ET AL.

*Weeks 1 and 2 postcalving.

IGF-I, and higher glucose and insulin concentrations
in plasma compared with cows with a 30-d or 60-d DP
(see Appendix Table Al). In addition, DMI did not
differ among DPL treatments in the first 2 wk after
calving (P = 0.95).

Relationships of EB and SCC with Inflammatory
Biomarkers and Oxidative Stress

When EB was included as a covariate, low bilirubin
levels were related to better EB in the first 2 wk after
calving. Bilirubin levels between DPL were similar and
not significant (Table 3).

Level of SCC was not related to levels of inflamma-
tory biomarkers or oxidative stress except for cerulo-
plasmin. The relation of SCC with ceruloplasmin was
dependent on parity (Table 4).

Relationships of Clinical Health Problems with
Inflammatory Biomarkers and Oxidative Stress

Occurrence of clinical health problems was related
to high ceruloplasmin, low albumin, low bilirubin, and
high ROM, and tended to be related to high levels of
haptoglobin in plasma (Table 5). The contrasts between
DPL remained whether excluding or including clinical
health problems in the model. In the first 2 wk after
calving, occurrence of clinical health problems related
to inflammation (fever, mastitis, metritis, and retained
placenta) was 41, 27, and 30% for cows with 0-, 30-,
and 60-d DP, respectively (Table 6). Dry period length
did not affect occurrence of clinical health problems (P
= 0.23).

DISCUSSION
Effect of DPL on Inflammatory Biomarkers

In the current study, cows with a 0-d DP compared
with a 30-d or a 60-d DP had higher cholesterol and
ceruloplasmin and tended to have higher haptoglobin
levels in plasma, especially in the first 2 wk after calv-
ing, independent of dietary treatment. Previous stud-
ies have shown that a quicker increase in cholesterol
(Kaneene et al., 1997; Trevisi et al., 2009) has been
associated with a better EB and improved metabolic
status in dairy cows in early lactation. In another study,
reduced levels of haptoglobin and ceruloplasmin were
associated with better EB (Bionaz et al., 2007). The
increase of haptoglobin is related to high production of
liver macrophages (known as Kupffer cells) during in-
flammation (Ametaj et al., 2005; Trebicka et al., 2011).
The increase of ceruloplasmin has been associated with
health problems in cows in early lactation (Conner et
al., 1988; Chassagne et al., 1998; Sheldon et al., 2001).
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0.26
0.07

0.86  0.97 0.15 0.13
091 <0.01 0.46

0.52

0.71
0.31

1274  0.55
0.35

174.22

13.48 174.01  181.76 162.28 17.20 171.15
2.13 2.90

178.56

166.81

FRAP (pmol/L)

102.56  2.25

100.55

103.84 102.67

98.15

100.23

102.88

Creatinine (pmol/L)

*PValues within a row (across dry period lengths) with different superscripts differ (P < 0.05).

'CHP = metritis, mastitis, retained placenta, or fever.

MAYASARI ET AL.

D = dry period; R = ration; P = parity; CHP x D, CHP x R, CHP x P, D x R, D x P, and P x R interactions were also included in the model but were not significant.

3Weeks 1 and 2 postcalving.

Effect of DPL on Liver Functionality

In the current study, cows with a 0-d DP had lower
levels of bilirubin and paraoxonase in plasma compared
with cows with a 60-d DP, especially in the first 2 wk
after calving. Bilirubin and paraoxonase are commonly
used biomarkers for liver functionality status around
calving (Bertoni et al., 2008; Bertoni and Trevisi, 2013).
Previous studies have shown that reduced bilirubin lev-
els indicate better clearance of secretory enzymes in the
liver and are associated with a better EB and improved
metabolic status in dairy cows in early lactation (As-
senat et al., 2004; Bertoni et al., 2008). In the cur-
rent experiment, omitting the dry period reduced milk
yield, improved the EB, reduced total milk and fat- and
protein-corrected milk yields, and yields of lactose, fat,
and protein but did not affect DMI, compared with
cows with a 60-d DP (van Knegsel et al., 2014), and not
in the first weeks of lactation, which was the focus of
the current study (Appendix Table A1). In the current
study, DMI was negatively related to bilirubin levels (r
= —0.35, P < 0.01), whereas milk yield was positively
related to bilirubin levels (r = 0.22, P < 0.01).

Paraoxonase, a liver protein with hydrolase activity,
is considered a marker of liver activity (Bionaz et al.,
2007) and as a negative APP (James and Deakin, 2004).
Previous studies have shown that reduced paraoxonase
levels in plasma were associated with lipid metabolic
disorders (Aviram and Rosenblat, 2004; Turk et al.,
2004) and chronic liver damage in dairy cows (Ferré
et al., 2002). In the current study, the reduced biliru-
bin levels in plasma after a 0-d DP might be associ-
ated with better functionality of hepatocytes related
to better EB. Moreover, the decrease in paraoxonase
was not associated with EB. Previously, reduced levels
of paraoxonase in plasma were associated with an in-
creased level of bilirubin in plasma (Bionaz et al., 2007;
Trevisi et al., 2012b). However, in the current study,
the reduced paraoxonase levels in plasma of cows with
a 0-d DP was accompanied by increased haptoglobin
levels (r = —0.28, P = 0.03), which could be related
to a more severe inflammatory condition (Bionaz et
al., 2007; Bertoni and Trevisi, 2013) of these cows in
the first 2 wk after calving. Our study indicated that
reduced paraoxonase was related to inflammation and
low liver functionality of dairy cows with a 0-d DP, at
least in the first 2 wk after calving.

Results of this study indicate that cows with a 0-d
DP had better clearance of waste products in the liver,
as shown by a reduced level of bilirubin in plasma im-
mediately after calving. However, in the 4 wk after
calving, the levels of bilirubin, albumin, and cholesterol
in plasma of cows with a 0-d DP resulted in lower
LFTI compared with cows with a 30-d or 60-d DP. The
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Table 6. Distribution of cows with different clinical health problems in wk 1 and 2 postcalving

Dry period length (d) n Fever Mastitis Metritis Retained placenta Total Total/no. (%)
0 56 2 8 2 11 23 41
30 55 2 5 1 7 15 27
60 56 4 2 1 10 17 30
Total 167 8 15 4 28 55 33

LFT defines good liver functionality when the levels of
bilirubin decrease and those of cholesterol and albumin
increase between wk 1 and 4 in lactation (Trevisi et al.,
2012a). When liver functionality, according to LFI, is
poor, these levels stabilize during wk 1 to 4 in lacta-
tion. Trevisi et al. (2012a) suggested that a low LFI
indicates lower liver function immediately after calving
because of severe inflammation, and cows that have
problems adapting to their inflammatory challenges
have a low response of negative APP in the first month
of lactation. In the current study, cows with a 0-d DP
had high cholesterol at calving and after calving (but
with a slight increase in the first month of lactation)
compared with cows with a 60-d DP, which showed a
marked increase from wk 1 to 4. In addition, cows with
a 0-d DP had low bilirubin at calving and a limited
decrease after calving. Thus, levels of cholesterol were
high but stable and levels of bilirubin were low and
relatively stable for cows with a 0-d DP, whereas levels
of albumin decreased after calving. This might imply
that recovery of the liver is poor between wk 1 and 4
of lactation for cows with a 0-d DP, which is partly
related to the high liver status at calving.

Effect of DPL on Oxidative Stress

In the first 2 wk after calving, omitting the DP in-
creased ROM levels in plasma compared with a 60-d
DP. High ROM levels indicate conditions of high oxida-
tive stress (Esposito et al., 2014), which is associated
with severe NEB (Bernabucci et al., 2005; Pedernera
et al., 2010). In the current study, the better EB due
to lower milk yield in cows with a 0-d DP was not as-
sociated with increased ROM levels in plasma. Osorio
et al. (2014) suggested that oxidative stress is triggered
by the imbalance between the production of ROM and
the neutralizing capacity of antioxidant mechanisms
(including production of FRAP) in tissues and blood.
A previous study showed that increased levels of ROM
in plasma were associated with reduced levels of para-
oxonase as part of the extensive antioxidative system
in plasma (Trevisi et al., 2012b). In the current study,
omitting the DP compared with a 30-d or 60-d DP
increased levels of ROM and reduced paraoxonase lev-
els without affecting FRAP levels. Our results indicate
that the increased of ROM levels in cows with a 0-d

DP might be related to decreased paraoxonase levels
(r = —0.31, P = 0.02), which indicated a more severe
oxidative stress compared with cows with a 60-d DP.

In the current study, cows with a 0-d DP had in-
creased levels of pro- and antiinflammatory markers,
increased oxidative stress, and lower liver functionality
compared with cows with 60-d DP. Inflammation and
oxidative stress are associated with reduced mammary
health (Pyoréld, 2003), NEB, and the occurrence of
clinical health problems (Drackley, 1999; Trevisi et al.,
2014). To our knowledge, only one study (Trevisi et
al.; 2010) has reported the relationship between in-
flammatory biomarkers and SCC or health status in
cows with different DPL from 47 to 71 d. However,
research on the relationship between SCC, EB, or clini-
cal health problems and inflammatory biomarkers or
oxidative stress in cows with different DPL (0-d, 30-d,
or 60-d DP) is lacking. It is not clear whether the
increase in proinflammatory biomarkers and oxidative
stress in the current study was directly due to DPL
effects or related to differences in SCC, EB, or clinical
health problems.

Effect of SCC on Inflammatory Biomarkers
and Oxidative Stress

In the current study, the effect of DPL on inflam-
matory biomarkers and oxidative stress variables could
not be explained by the effect of DPL on SCC. A previ-
ous study showed that mammary gland cell differentia-
tion and proliferation, and oxidative stress might cause
inflammation during transition period (Trevisi et al.,
2010). Subclinical mastitis, defined as an elevated SCC
without clinical signs, was associated with increased
haptoglobin levels in plasma (Safi et al., 2009). Occur-
rence of CM was associated with increased haptoglobin
levels (Pyoréla, 2003) and bilirubin levels (Minuti et
al., 2015) and decreased paraoxonase levels (Turk et al.,
2012). As previously reported, in the current experi-
ment, omitting the DP increased SCC in milk in the
subsequent lactation but did not affect the occurrence
of CM compared with cows with a 30- or a 60-d DP
(Mayasari et al., 2016). This is in line with the present
results that high SCC in cows with 0-d DP was not
associated with inflammatory biomarkers and oxidative
stress.

Journal of Dairy Science Vol. 100 No. 6, 2017
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Effect of EB on Inflammatory Biomarkers
and Oxidative Stress

In the current study, low plasma bilirubin levels
were associated with better EB independent of DPL.
In addition, DMI was negatively related to levels of
haptoglobin (r = —0.38, P < 0.01), cholesterol (r =
—0.26, P < 0.01), and bilirubin (r = —0.35, P < 0.01).
Milk yield was positively related to bilirubin levels (r =
0.22, P < 0.01) independent of DPL. Previous studies
showed that NEB in dairy cows is related to fatty liver,
potentially affecting liver function (Ametaj et al., 2005;
Bertoni et al., 2008). Bilirubin is commonly used as a
biomarker for liver status around calving (Bionaz et al.,
2007; Bertoni et al., 2008). Hence, it can be suggested
that the effect of DPL on bilirubin levels might be as-
sociated with alterations in EB and metabolic status in
the first 2 wk after calving. Moreover, liver functional-
ity is associated with fatty acid uptake and secretion of
cholesterol from triglycerides (Bell, 1995). In contrast,
the lower bilirubin levels in cows with a 0-d DP im-
mediately after calving suggest a better clearance in
the liver.

Effect of Health Problems on Inflammatory
Biomarkers and Oxidative Stress

In the current study, the occurrence of clinical health
problems was related to high levels of ceruloplasmin,
low albumin levels, low bilirubin levels, high ROM
levels, and a tendency for high haptoglobin levels in
plasma, independent of DPL. In addition, the levels of
ceruloplasmin and ROM in plasma before calving were
higher for cows with clinical health problems. This is
in line with previous studies in which the occurrence
of clinical health problems was associated with con-
sequences of severe or prolonged inflammation before
calving (Trevisi et al., 2011, 2012a) and oxidative stress
(Trevisi et al., 2010). Our results indicate that the DPL
may not directly be a causative factor for inflammation
and stress. The changes in inflammatory biomarkers
after calving are related to the occurrence of health
problems, but many of these begin before calving and
several remain subclinical.

Effect of Ration and Parity on Inflammatory
Biomarkers and Oxidative Stress

Parity influenced the levels of ceruloplasmin, albu-
min, cholesterol, creatinine, and FRAP. Albumin levels
were lower in cows of parity >3 compared with cows
of parity 2, independent of DPL. Ceruloplasmin levels
were higher in cows of parity >3 compared with cows
of parity 2, independent of DPL. In addition, cows of
parity 2 fed a glucogenic ration had higher cholesterol

Journal of Dairy Science Vol. 100 No. 6, 2017

levels compared with cows fed a lipogenic ration. In
the current study, the differences in cholesterol levels
among DPL were present from wk —3 to 1 relative to
calving but did not differ after wk 1. Previously, it has
been suggested that different levels of cholesterol might
be affected by ration composition during the DP (Ber-
toni and Trevisi, 2013; Newman et al., 2016). In the
current experiment, during prepartum, cows with a 0-d
and 30-d DP had higher DMI and energy intake than
cows with a 60-d DP (van Knegsel et al., 2014). Indeed,
prepartum, cows with a 0-d DP received a lactating ra-
tion and produced milk, whereas cows with a 30-d and
60-d DP received a dry cow ration and did not produce
milk. It is likely that the differences in cholesterol levels
between DPL are explained by the intake and the dif-
ferent rations before calving.

The changes in concentrations of APP are affected
by internal and external challenges such as infection
and stress (Murata et al., 2004; Ceciliani et al., 2012),
which can occur in young or old animals. During the
first 2 wk after calving, cows of parity >3 had higher
creatinine and FRAP levels in plasma than cows of
parity 2 when the DP was omitted. Creatinine, an indi-
cator of body muscle mass, typically decreases around
calving due to milk production (Kokkonen et al., 2005;
Osorio et al., 2014). In addition, FRAP is an indicator
of antioxidant status (Jacometo et al., 2015; Konvi¢na
et al., 2015) and acts to neutralize the production of re-
active intermediates caused by oxidative stress in early
lactations (Esposito et al., 2014). Previous studies from
Annen et al. (2004) and Santschi et al. (2011) showed a
reduction in milk yield after shortening or omitting the
DP for cows of parity 2, but not for cows of parity >3.
In our study, during the first 2 wk after calving, cows
of parity >3 showed less reduction in milk yield when
the DP was omitted compared with cows of parity 2.
Therefore, it seems that the high plasma creatinine and
FRAP levels in cows of parity >3 in the first 2 wk
of lactation compared with those in cows of parity 2
indicate high mobilization of body muscle mass after
calving and less stress, perhaps explained by the lesser
reduction of milk yield when the DP is omitted.

CONCLUSIONS

Omitting the DP resulted in higher levels of choles-
terol (negative APP), ceruloplasmin (positive APP),
and ROM, lower levels of bilirubin and paraoxonase,
and a lower liver functionality index, and tended to
result in higher haptoglobin levels in plasma compared
with cows with a 60-d DP. Omission of the DP is related
to better EB and improvement of metabolic status in
the early lactation due to less milk yield, which could
also contribute to a reduction in inflammation and
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oxidative stress. Low bilirubin is associated with better
EB, independent of DPL. In addition, omission of the
DP is associated with the increase of positive APP and
oxidative stress, which could be explained partly by the
occurrence of clinical health problems.
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