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Simple Summary: An excess of lipolysis and subsequent increase on non-esterified fatty acids
concentrations may impair animal health, welfare, and productivity after calving. In this study,
we evaluated the effect of fat mobilization in dairy cows with a recommended body condition score
at the beginning of the close-up period on blood indicators of health, incidence of diseases, behavior,
milk production, and fertility during postpartum. An increased fat mobilization in dairy cows with
an equal body condition score modified the inflammatory and oxidative stress responses during the
early postpartum without impairing their health status and fertility. Moreover, behavior and milk
production were sensitive indicators that reflected the negative effects of the excess of prepartum fat
mobilization through lactation.

Abstract: The objective of this study was to evaluate the effect of two levels of fat mobilization at
the close-up period in dairy cows with an equal body condition score (BCS = 3.0) on the circulating
concentrations of metabolic, inflammatory, and oxidative stress biomarkers, incidence of diseases,
behavior, milk production, and fertility during the postpartum. Late-gestation multiparous Holstein
cows (n = 59) with a body condition score of 3.0 (5-point scale) were enrolled at the beginning of
the close-up period and then were followed during the entire lactation. Cows were retrospectively
allocated into two groups: animals with prepartum non-esterified fatty acids concentration over
0.3 mmol/L were categorized as high fat mobilization (HFM) (n = 26), and below this threshold as
low fat mobilization (LFM) (n = 33). Blood samples were collected 21 d before expected calving and
once weekly for 3 wk postpartum in order to analyze β-hydroxybutirate, haptoglobin, fibrinogen,
total proteins, and malondialdehyde. Health was observed daily for 21 d postpartum. Behavioral
data was collected with an accelerometer and milk production and fertility were obtained from the
farm records. An increased fat mobilization in dairy cows with equal BCS modified the inflammatory
and oxidative stress responses during the early postpartum without impairing their health status and
fertility. Moreover, milk production and behavior were markedly affected by excessive prepartum fat
mobilization through lactation.

Keywords: fat mobilization; inflammation; oxidative stress

1. Introduction

Fat mobilization is a common process in dairy cows that supports the high energy demand
during the transition period. This process involves lipolysis, where non-esterified fatty acids
(NEFA) are generated from triacylglycerols (TAG) in adipocytes by the conflicting action of several
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hormone-sensitive lipases. Consequently, NEFA are then released into the bloodstream in order to be
used as substrate for milk fat synthesis in the udder and also as an energy source in many tissues [1].
However, between 15 to 20% of all NEFA are either partially oxidized to ketone bodies or re-esterified to
TAG in the liver [2]. Thus, several studies indicate that excessive lipolysis and the subsequent increase
in NEFA concentrations may predispose to TAG accumulation in the liver, oxidative stress, and to
a dysfunctional inflammatory response, with all these events leading to further lipolysis, impaired
animal health [3,4], welfare [5,6], and productivity [7,8] after parturition.

The degree of fat mobilization depends on many factors such as breed, level of milk production,
parity, and nutrition [9]. However, under similar management conditions, dairy cows show high
individual variability [10–13]. Several studies have associated this variability with the development of
insulin resistance (IR) [12,14,15], which is defined as a state whereby a normal concentration of insulin
induces a decreased biological response in the insulin-sensitive tissues [16]. Furthermore, IR may
interfere with insulin-signaling pathways related to the suppression of adipose tissue lipases, which
favor a lipolytic response [17]. This scenario has been widely studied in recent years and current
research suggests that IR may be exacerbated by several mechanisms. According to Abuelo et al. [18],
oxidative stress and the loss of reduction-oxidation (redox) homeostasis results in the accumulation
of oxygen radicals that favor an inflammatory response through the activation of the nuclear factor
NF-kB. As a result, immune cells increase the expression of pro-inflammatory cytokines, which in
turn increase reactive oxygen species (ROS) production and disrupt the insulin-signaling downstream,
increasing lipolysis [19].

In order to minimize the effects generated by increased fat mobilization, dairy farms thoroughly
monitor body condition score (BCS) during the prepartum [6,20]. The BCS is a routine tool that gives a
qualitative assessment of body fatness and allows for the identification of animals with increased risk
of suffering postpartum disorders [8,21,22]. Nonetheless, according to LeBlanc [23], the sensitivity and
specificity of BCS for predicting postpartum diseases and their consequences may be reduced when
used only as a monitoring tool. In fact, animals with a prepartum BCS within the recommended range
have a 30% incidence of postpartum health disorders [24]. Therefore, the assessment of animals using
an objective indicator of fat mobilization such as NEFA, may help elucidate the mechanisms that trigger
lipolysis in cows with a similar BCS. Therefore, the objective of this study was to evaluate the effect of
two levels of fat mobilization at the close-up period in dairy cows with an equal body condition score
(BCS = 3.0) on the circulating concentrations of metabolic (e.g., β-hydroxybutirate), inflammatory
(e.g., haptoglobin, fibrinogen, and total proteins), and oxidative stress (e.g., malondialdehyde)
biomarkers, incidence of diseases, behavior, milk production, and fertility during the postpartum.

2. Materials and Methods

All procedures described in this study were approved by the Austral University of Chile Animal
Ethics Committee (#322/2018).

2.1. Animals, Housing, and Diets

This study was carried out between August and December 2017 in a commercial dairy farm
located in Los Lagos County, Los Ríos Region, Chile (39◦51′00′′ S, 72◦50′00′′ W). Fifty-nine
pregnant, multiparous (range: 2–7) Holstein-Friesian cows with a body condition of 3.0 (5-point
scale; Edmonson et al. [25]) were enrolled upon entry to the close-up group (approximately 21 d
before expected calving date). During this period, cows were housed in a freestall barn and fed with
formulated diets (Table 1). Immediately after calving, cows were allocated into the lactating group
and managed in a daily rotational grazing system consuming perennial ryegrass (Lolium perenne)
pasture and supplemented two times a day (4:00 and 14:00 h) with a total mixed ration (TMR) and
concentrate according to nutritional requirements for lactating cows (details are shown in Table 1).
Cows were milked twice a day at 5:00 and 15:00 h in an 80-point rotary milking parlor (Afimilk Ltd.,
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Kibbutz Afikim, Israel). Cows were maintained during the entire lactation in the same lot and hence
were managed under the same conditions.

Table 1. Ingredients and chemical analysis (DM basis) of the ration offered through the study.

Items
Diets

Close-Up Dry Cows Lactating Cows

Ingredients, % of DM
Wheat Straw 21.78 3.59

High-moisture corn - 6.93
Soybean meal 7.26 5.02

Steam-flaked corn - 6.31
Canola meal 14.36 3.90

Triticale grain ground - 9.93
Corn gluten meal 5.57 -

Corn silage 44.55 12.23
Pasture 1 - 47.62

Molasses beet - 2.14
Mycotoxin binder 2 0.08 0.04

Magnesium sulphate 0.57 -
Magnesium oxide - 0.32

Sodium bicarbonate - 0.80
Mineral mix podological - 1.20

Anionic salts 3 5.02 -
Rumen buffer 4 0.81 -

Chemical analysis
NEL, Mcal/kg of DM 1.35 1.84
Crude protein, % DM 17.82 20.33

Crude fat, % DM 2.93 3.72
aNDFom, % DM 40.38 30.93

ADF, % DM 27.18 16.49
Calcium, % DM 0.76 0.54

Phosphorus, % DM 0.37 0.45
Magnesium, % DM 0.53 0.47

1 For more details, see Sube et al. [26]. 2 Mycosorb A+ (Alltech, Lexington, KY, USA). 3 Soychlor (West Central
Cooperative, Ralston, IA, USA). 4 Acid Buf (AB Vista, Marlborough, Wiltshire, England).

2.2. Group Allocation

Cows were retrospectively allocated into two groups based on prepartum non-steroidal fatty acids
concentration (NEFA) based on the threshold previously described by Ospina et al. [27]. Animals with
NEFA concentration over 0.3 mmol/L were categorized as cows with high fat mobilization (HFM; n = 26)
and animals with values below this threshold were categorized as cows with low fat mobilization
(LFM; n = 33). Differences between groups were statistically tested (Student’s t-test, p < 0.001).

2.3. Blood Sample Collection and Analysis

Blood samples were collected 21 d before the expected calving date, and on wk 1 (between d 3 to 7),
wk 2 (between d 8 to 14), and wk 3 (between d 15 to 21) postpartum. Blood samples were collected
during the morning (approximately 5 h after feeding), by coccygeal venipuncture, and stored on ice
immediately after collection. Plasma and serum were obtained after centrifugation at 3000× g for
15 min at room temperature. Samples were then aliquoted in 1.5 mL tubes (Eppendorf, Germany) and
frozen at −20 ◦C until further analysis.

Plasma concentrations of NEFA (Randox, Crumlin, United Kingdom) and Serum concentrations of
β-hydroxybutirate (BHB) (Ranbut, Randox, Crumlin, United Kingdom) were measured by enzymatic
analysis using an auto-analyzer (Metrolab 2300, Wiener Lab, Rosario, Argentina) and expressed in
mmol/L. Plasma concentrations of malondialdehyde (MDA) were measured using the thiobarbituric
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acid (TBARs) assay, as previously described by Ohkawa et al. [28]. Absorbance was measured at 540 nm
with a microplate reader (Tecan GmbH, model Sunrise, Grödig/Salzburg, Austria) and results were
expressed in nmol/mL. Serum concentrations of haptoglobin (Hp) were determined photometrically
according to the method described by Elson [29] and validated for bovine use [30]. Absorbance was
measured at 380 and 405 nm with a spectrophotometer (Thermo scientific evolution 300, Madison, WI,
USA) and results were expressed in mg/mL. Plasma fibrinogen (Fb) and total protein (TP) concentrations
were determined by refractometry (Atago, Atago co., Washington, DC, USA) according to the heat
precipitation method described by Millar et al. [31], and results were expressed in mg/mL.

2.4. Health Status and Herd Retention

Health status was assessed daily during the first 21 d postpartum by farm personnel under
veterinary supervision in order to identify diseases such as retained placenta, displaced abomasum,
clinical mastitis, clinical hypocalcemia, and clinical ketosis [32]. Additionally, metritis diagnosis was
performed in order to identify mild and severe cases of this disease [33]. To accomplish this, postpartum
body temperature and vaginal discharge were evaluated by a trained veterinarian (AR) once per
week during the first 21 d according to the method described in Huzzey et al. [34]. Herd retention
was obtained from the farm records and consisted of the number of cows that remained in the herd
finishing lactation (305-d). The decision for culling was made by the farm manager, who was blind to
the groups, and the researchers did not have influence over the culling decision.

2.5. Behavioral Data

Behavioral data was collected during the first 21 d postpartum. Within 2 days after calving,
cows were fitted with an accelerometer (AfiTag pedometer plus, Afimilk Ltd. Kibbutz Afikim, Israel)
in the right hind limb, which allowed the registration of daily activity (steps/h), lying time (min), and
lying bouts (no./d). Lying bout duration (min) was calculated by dividing the lying time by the number
of lying bouts on that day.

2.6. Milk Production and Reproductive Data

Milk production and reproductive data were obtained from farm records. Milk production was
registered daily using an automated system (Afimilk Ltd., Kibbutz Afikim, Israel). Fat, protein,
urea, and somatic cell count (SCC) were analyzed individually at 4-wk intervals by the commercial
milk-control of the dairy farm (Cooprinsem Ltd., Osorno, Chile). Reproductive data was used to
calculate the calving to first service interval (CFSI), defined as the number of days between parturition
and the first artificial insemination (AI); calving to conception interval (CCI), defined as the number of
days between parturition and the service that results in a pregnancy; conception rate at first service
(CRFS), defined as the number of first services that resulted in pregnancy divided by the total number
of first services; pregnancy rate (PR), defined as the number of pregnant cows during the current
lactation divided by the total number of animals synchronized; and services per conception (SC),
defined as the number of AIs required to conceive.

2.7. Statistical Analysis

Data were analyzed using generalized linear mixed models by the GENLINMIXED procedure of
SPSS (version 25.0, SPSS Inc., IBM, Chicago, IL, USA). Health status was modeled using a binomial
distribution with logit-link function including group (HFM/LFM) as the fixed effect and cow as
the random effect. Modelling for blood biomarkers, behavior, milk production, and reproduction
included the fixed effects of group (HFM and LFM), time (day, week, or month), and their interaction,
and the random effect of cow. Additionally, the blood biomarkers model included the prepartum
sample as the covariate. Repeated measures over time were modeled with first-order autoregressive
and Toeplitz covariance structures, which were selected based on the lowest Akaike information
criterion. Nonsignificant terms were eliminated based on Wald statistic backward selection criterion
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(p > 0.15), excluding the main effects, which were forced in the final models. Herd retention data was
analyzed using Kaplan-Meier survival curves and differences were determined by the Log-Rank test.
Cows culled or dead before 305 d were censored. For all analysis, the significance level was set at
p < 0.05 and tendencies were identified at 0.05 ≤ p < 0.10.

3. Results

3.1. Blood Biomarkers

Blood biomarker concentrations are presented in Table 2. Overall, fat mobilization was not
associated with changes on circulating concentrations of BHB (p = 0.70), Fb (p = 0.22), or TP (p = 0.43).
However, MDA and Hp concentrations were higher in the HFM group than in the LFM group (p = 0.01
and p = 0.03, respectively). All evaluated biomarkers were influenced by time (p ≤ 0.01), with the
exception of BHB (p = 0.45). Similarly, the interaction between group and time was not associated
with changes in the concentrations of BHB (p > 0.15), MDA (p = 0.14), Fb (p = 0.10), or TP (p > 0.15).
Nonetheless, Hp concentration in the HFM group was higher than the LFM group during the first
week (0.14 ± 0.04 mg/mL vs. 0.04 ± 0.01 mg/mL; p = 0.03) and then decreased during weeks two
(0.06 ± 0.01 vs. 0.03 ± 0.01; p = 0.06) and three (0.02 ± 0.01 vs. 0.03 ± 0.01; p = 0.52). Moreover, despite
the fact that group by time interaction for MDA was not significant (p = 0.14), the HFM group showed
a marked increase in MDA concentration compared with the LFM group during week two (estimated
means ± SEM = 16.5 ± 1.3 vs. 12.7 ± 0.7, respectively; p < 0.01).

Table 2. Concentrations of blood biomarkers related to energy balance (β-hydroxybutirate, BHB),
oxidative stress (malondialdehyde, MDA), and inflammation (haptoglobin (Hp), fibrinogen (Fb),
and total proteins (TP)) in high fat (HFM) and low fat (LFM) mobilization groups.

Item 1
Groups p-Value

HFM LFM SEM Group Time G × T

BHB, mmol/L 0.67 0.65 0.05 0.70 0.45 >0.15
MDA, nmol/mL 13.92 12.11 0.72 0.01 <0.01 0.14

Haptoglobin, mg/mL 0.07 0.02 0.02 0.03 <0.01 0.01
Fibrinogen, mg/mL 3.19 3.53 0.28 0.22 <0.01 0.10

Total proteins, mg/mL 76.26 75.33 1.17 0.43 <0.01 >0.15
1 Values are expressed as estimated means and SEM.

3.2. Health Status and Herd Retention

Overall, the fat mobilization level was not associated with changes in the incidence of clinical
metritis (HFM = 50% vs. LFM = 48.5%, p = 0.91), puerperal metritis (HFM = 7.7% vs. LFM = 9.0%,
p = 0.87), clinical mastitis (HFM = 3.8 vs. LFM = 0%, p = 0.42), displaced abomasum (HFM = 3.8 vs.
LFM = 0%, p = 0.42), one event of disease (HFM = 57.6 vs. LFM = 57.6%, p = 0.99), or multiple events
of disease (HFM = 7.7 vs. LFM = 0%, p = 0.12). Likewise, herd retention was not influenced by fat
mobilization (p = 0.75).

3.3. Behavior

Daily activity and lying behavior are summarized in Table 3. Overall, cows in the HFM group
were less active than cows in the LFM group, reducing their activity by 43.8 ± 14 steps/h (p < 0.01) and
increasing their lying time by 35.6 min/d (p = 0.03). Lying bouts and lying bout duration were not
associated with fat mobilization (p = 0.67 and p = 0.11, respectively). All evaluated variables were
influenced by time (p < 0.01) and the interaction between group and time was also associated with all
variables (p < 0.01) with the exception of lying time (p > 0.15). Daily activity was decreased in the HFM
group at d 2 through d 20 compared with the LFM group (Figure 1A). Similarly, lying bouts in the HFM
group were increased on d 3 (2.5 ± 0.9 bouts/d; p < 0.01) and then decreased at d 14 (1.9 ± 0.9 bouts/d;
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p = 0.03) and 21 (1.9 ± 0.7 bouts/d; p < 0.01) compared with the LFM group (Figure 1B). Moreover,
lying bouts duration was higher in the HFM group, increasing at days 14 (15.9 ± 5.5 min/d; p < 0.01),
15 (9.7 ± 4.5 min/d; p = 0.03), 16 (15.7 ± 6.3 min/d; p = 0.01), and 21 (13.3 ± 4.9 min/d; p < 0.01)
(Figure 1C).

Table 3. Daily activity and lying behavior in the high fat (HFM) and low fat (LFM) mobilization groups.

Items 1
Groups p-Value

HFM LFM SEM Groups Time G × T

Activity (no. steps/h) 283.9 327.8 14.06 <0.01 <0.01 <0.01
Lying time (min/d) 516.9 481.3 16.50 0.03 <0.01 >0.15
Lying bouts (no./d) 9.8 10.0 0.44 0.67 <0.01 <0.01

Lying bout duration (min) 57.9 52.8 3.14 0.11 <0.01 <0.01
1 Values are expressed as estimated means and SEM.
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3.4. Milk Production and Composition 

Figure 1. Daily activity (A), lying bouts (B), and lying bout duration (C) in the high fat (HFM) and low
fat (LFM) mobilization groups during the first 21 days postpartum. Values are expressed as estimated
means ± SEM. * p < 0.05; ** p < 0.01; † 0.05 ≤ p < 0.10. Lying time was excluded due p > 0.15.

3.4. Milk Production and Composition

Whole-lactation milk production and composition are summarized in Table 4. Fat mobilization
was not associated with changes in milk and fat yield. However, cows in the HFM group produced less
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protein (0.07 ± 0.03 kg/d; p = 0.03) compared with cows in the LFM group. All variables were influenced
by time (p < 0.01). Similarly, the fat mobilization by time interaction showed that cows in the HFM
group produced less milk fat during the ninth (0.125 ± 0.06 kg/d; p = 0.03) and tenth (0.159 ± 0.07 kg/d;
p = 0.03) month of lactation compared to cows in the LFM group (Figure 2A). Moreover, a tendency
to reduce the milk protein (p = 0.08) was observed in the HFM group compared to the LFM group
during the last three months of lactation (average = 122.3 kg/d; Figure 2B), whereas milk yields were
unaltered (p > 0.15). Milk components were unaffected by fat mobilization groups (all comparisons
p ≥ 0.35) or by the interaction between fat mobilization groups and time (all comparisons p ≥ 0.09).

Table 4. Milk production and composition in high fat (HFM) or low fat (LFM) mobilization groups.

Item 1
Groups p-Value

HFM LFM SEM Group Time G × T

Milk yield (kg/d) 27.96 29.61 1.04 0.11 <0.01 >0.15
Protein (%) 3.51 3.49 0.06 0.83 <0.01 0.12

Fat (%) 4.11 3.98 0.14 0.35 <0.01 >0.15
Protein yield (kg/d) 0.92 0.99 0.03 0.03 <0.01 0.08

Fat yield (kg/d) 1.07 1.13 0.04 0.14 <0.01 0.04
Milk urea (mg/dL) 37.07 38.01 1.25 0.45 <0.01 0.14

Somatic cell linear score 2 2.22 2.02 0.35 0.59 <0.01 0.09
1 Values are expressed as estimated means and SEM. 2 Calculated using the following equation: log2(SCC/100) + 3.
SCC = somatic cell count.
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3.5. Reproduction

Fat mobilization was not associated with changes in any reproductive variable evaluated (p ≥ 0.3,
Table 5).
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Table 5. Reproductive variables in high fat (HFM) and low fat (LFM) mobilization groups.

Variables 1
Groups

p-Value
HFM LFM

Conception rate at first service, % 52 (10) 50 (8.6) 0.88
Pregnancy rate, % 88.1 (5.4) 88 (5.5) 0.66

Calving to first service interval, d 72 (2.3) 72.6 (1.9) 0.84
Calving to conception interval, d 98.2 (7.9) 104.9 (7.9) 0.55

Services per conception, no. 1.8 (0.2) 2.2 (0.2) 0.30
1 Values are expressed as estimated means and SEM.

4. Discussion

The objective of this study was to evaluate the effect of two levels of fat mobilization in prepartum
dairy cows with an equal body condition score (BCS 3.0) on the concentrations of blood indicators of
health, incidence of diseases, behavior, milk production, and fertility during postpartum. In order
to a obtain a better understanding about the metabolic and inflammatory processes affected by fat
mobilization during the transition period, this study was performed in a commercial dairy farm where
cows were managed during the entire lactation under the same conditions. Despite having the same
body condition score upon enrolling, dairy cows showed different levels of fat mobilization, with 42%
of total cows showing higher NEFA concentrations during the prepartum (HFM = 690.1 ± 73.9 mmol/L
vs. LFM = 197.4 ± 10.9 mmol/L; p < 0.001).

Increased fat mobilization did not alter plasma concentrations of BHB. Nonetheless, BHB has
been previously considered to be biomarker of health status [35]. Ospina et al. [36] indicate that the
plasma concentration of NEFA and BHB have a weak correlation, with only 18% of the variability
of BHB explained by NEFA. In this study, a similar nutritional regimen was maintained and hence,
the results here described for BHB may be related to differences in the gluconeogenic capacity and/or
with the availability of other carbon sources different than NEFA, including lactate or ketogenic amino
acids [37].

Plasma MDA concentration was higher in the HFM group than in the LFM group.
Malondialdehyde is the final product of lipid peroxidation, a process that occurs as a consequence
of oxidative stress [18,38]. Although the values here reported are in the middle of the range of those
previously reported for dairy cows during the transition period [39–43], they followed a similar pattern,
characterized by a significant increase in the first two weeks after calving. These results suggest
that both groups experienced limited degrees of oxidative stress, and cows in the HFM group were
increasingly exposed to oxidative damage during the second week postpartum.

Serum concentration of Hp was significantly higher in the HFM group, whereas plasma Fb
did not differ between groups. Moreover, both biomarkers showed a similar pattern characterized
by higher concentrations during the first week that decreased gradually on weeks two and three.
However, the observed increase of Hp and Fb was slightly higher than those previously reported
for healthy animals [44]. According to Bertoni et al. [45], acute phase proteins such as Hp and Fb
are synthesized in the liver in response to the release of pro-inflammatory cytokines, increasing their
concentrations in direct relation with the degree of inflammation. This fact would confirm that an
increase in fat mobilization may induce various degrees of inflammation, particularly during the first
week postpartum. The results here presented are in agreement with previous studies in which dairy
cows were grouped according to their prepartum or early postpartum NEFA concentration [12,46].
In both cases, an increase in fat mobilization was associated with increased plasma concentration
of acute phase proteins after calving. However, based on previous studies, we observed that some
differences could arise when dairy cows were grouped on the basis of BCS. Rafia et al. [47] described
that Fb tended to increase after calving in cows with moderate or higher BCS during the prepartum.
Similarly, Roche et al. [48] observed a marked increase in plasma Hp after calving in cows with higher
BCS, which were offered 100 and 125% of their energy requirements compared to cows with low BCS
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fed under the same nutritional regimen. Likewise, Montagner et al. [49] observed that dairy cows with
a decrease in BCS had an increased inflammatory status around calving compared to those animals
that increased their BCS. On the contrary, Roche et al. [50] and Schuh et al. [51] indicate that BCS was
not associated with changes in acute phase response during the early postpartum. Taking this into
account, the results presented here would confirm that the use of BCS does not assure a success in
adaptation through the transition period and it highlights the importance of identifying those animals
with high fat mobilization using more sensitive methods.

The changes in oxidative stress and inflammatory markers observed in cows in the HFM group
were not associated with the presence of specific diseases. Cows in both groups were similarly affected
by a high incidence of health disorders, which did not have an effect on animal culling as explained
by herd retention. Moreover, fat mobilization did not have an effect on reproductive tract diseases
and fertility. According to Sordillo and Raphael [19], an increase in fat mobilization and a subsequent
increase in NEFA concentration may predispose to TAG accumulation in the liver and overproduction
of ketone bodies. Furthermore, the increased demand for energy during early lactation increases
the production of reactive oxygen species (ROS), leading to oxidative stress and, hence, to hepatic
damage [52]. However, current research indicates that NEFA and ROS can also activate receptors
present in immune cells (e.g., toll-like receptors, nuclear receptors, and inflammasomes), leading to
a chronic inflammatory condition that is responsible for both metabolic and inflammatory diseases
during the transition period [53]. Accordingly, we believe that the lack of a relationship between
oxidative stress/inflammation and the incidence of disease in cows of the HFM group may reflect a
normal status of the mechanisms that regulate disease resolution [17]. These mechanisms are regulated
by the biosynthesis of resolving oxylipids, a class of omega 3 polyunsaturated fatty acid (PUFA)
-derived lipid mediators, including maresins, protectins, and resolvins [53,54]. An important source of
precursors of resolving oxylipids during the transition period is the inclusion of high concentrations
of omega 3 in the ration, which may be internalized into membrane phospholipids of macrophages,
monocytes, and vascular endothelial cells, favoring an adequate anti-inflammatory response [55].
Unfortunately, in this study, we did not evaluate the fatty acid composition of the ration, however the
inclusion of a perennial ryegrass pasture on the postpartum diets could have contributed to increase
the total amount of omega 3 available [56].

Assessment of daily activity patterns showed that cows in the HFM group were less active and
spent more time lying down than those cows in the LFM group following calving. Although no specific
information studying the role of prepartum NEFA concentration on postpartum behavior is currently
available, some evidence indicates that behavior is modified in animals that suffer from disorders or
diseases causing stress and pain [57–60]. As previously mentioned, the incidence of disease did not
differ between groups, which could confirm that fat mobilization plays an important role influencing
daily activity during the postpartum, regardless of the presence of disease. This finding partially agrees
with the negative correlation between plasma concentration of NEFA and daily activity described
during the postpartum by Adewuyi et al. [61]. Moreover, the behavioral changes here described in
cows with increased fat mobilization could be associated with a higher degree of oxidative stress and
inflammation. According to Bertoni et al. [45], this pro-inflammatory status during the transition period
may influence and alter normal patterns of hepatic synthesis of proteins, partitioning of nutrients,
reproductive activity, body temperature, and induce anorexia and lethargy, which could alter feeding
or social behaviors [62].

Although prepartum fat mobilization decreased milk fat and protein yields during lactation,
we believe that those changes were mostly influenced by numerical differences in milk yield
(HFM = 1.65 ± 1.04 kg/d less milk). This result demonstrates that prepartum fat mobilization had
a cumulative effect through lactation, which was possibly associated with the inflammatory status
observed during the postpartum. This assumption is supported by previous studies, in which cows
treated with sodium salicylate after calving had an increase in milk yield during lactation [63,64].
Nonetheless, the mechanisms by which inflammation affects milk production during lactation remain
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unclear. A recent study by Kvidera et al. [65] suggest that differences in milk production could be
related to an increase in glucose requirements needed to maintain a more active immune system.
We believe that cows in the HFM group possibly redirected disposable glucose previously destined for
milk synthesis towards their immune system as an evolutionary response [66]. Nonetheless, research
is needed in order to confirm this assumption.

5. Conclusions

This study showed that increased fat mobilization in dairy cows with an equal BCS modified
the inflammatory and oxidative stress response during the early postpartum without impairing their
health status and fertility. Furthermore, increased levels of prepartum fat mobilization markedly
affected behavior and milk production through lactation.
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