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ABSTRACT: This study identified the relationship between energy balance and some blood metabolites in primiparous dairy cows with
different calving conception interval. Twenty primiparous Holstein-Friesian dairy cows were grouped according to the interval (days) from
calving to conception into early-conception (early-c; <100 days), mid-conception group (mid-c; 100 — 150 days) or late-conception (late-c;
>150 days) group; and evaluated on day -7 prior to parturition, and days 28, 56 and 90 postpartum. All groups presented positive energy
balance, serum concentrations of HDL, urea-N and progesterone with no difference on days 28 and 56 of lactation. On day 90 of lactation all
the cows presented negative energy balance; however, the early-c group presented a less intense (P < 0.05) net energy balance (-1.09 versus
-2.15 and -1.86 Mcal/day), lower concentrations of serum urea-N (3.28 versus 4.22 and 4.88 mg/dL) and HDL cholesterol (0.84 versus 1.59
and 1.46 mmol/L) and greater serum concentration of progesterone (8.13 versus 4.54 and 1.83 ng/mL) than cows of mid-c and late-c groups,
respectively. In conclusion, different from those usually observed for multiparous dairy cows, the energy balance during the first weeks of
lactation was not a determining factor affecting the calving conception interval of primiparous dairy cows in the present study. Instead, the
nutritional status and the serum concentration of urea-N and progesterone at a later stage, after 56 days of lactation, suggest having a role in
delaying these cows’ pregnant status.

Key words: conception, cholesterol, urea-N, progesterone.

Relacdo entre balanco energético e metabdlitos sanguineos em vacas | eiteiras
primiparas com diferentes intervalos entre parto e concepc¢io

RESUMO: O objetivo deste estudo foi avaliar a relagdo entre balango energético e concentragdo sanguinea de alguns metabolitos relevantes
durante o inicio da lactagdo em vacas leiteiras primiparas com diferentes desempenhos reprodutivos. Vinte vacas leiteiras holandesas
primiparas foram agrupadas de acordo com o intervalo parto-concepgdo em precoce (<100 dias), intermediario (100 - 150 dias) e tardio (>
150 dias); e foram avaliados no dia -7 pré-parto, e nos dias 28, 56 ¢ 90 dias pos-parto. Todos os grupos apresentaram balango energético
positivo, concentragdes séricas de HDL, N-uréia e progesterona sem diferenca nos dias 28 e 56 de lactagdo. Aos 90 dias de lactagdo todas
vacas apresentaram o balanco energético negativo, porém o grupo de vacas precoce foi menos intenso (P < 0.05) (-1.09 versus -2.15 e -1.86
Mcal/dia), menor concentra¢@o sérica de N-uréia (3.28 versus 4.22 e 4.88 mg/dL) e colesterol-HDL (0.84 versus 1.59 e 1.46 mmol/L) e maior
concentragdo sérica de progesterona (8.13 versus 4.54 e 1.83 ng/mL), que vacas dos grupos intermediario e tardio, respectivamente. Em
conclusdo, diferente do observado usualmente em vacas multiparas, o balango energético durante as primeiras semanas de lactagdo ndo foi um
fator determinante do intervalo parto concepgao das vacas primiparas do presente estudo. De fato, a condi¢@o nutricional e as concentragdes
séricas de N-ureia e progesterona apds 56 dias de lactagdo sugere ter impacto no atraso da concepgdo destas vacas.

Palavras-chave: concepgdo, colesterol, N-ureia, progesterona.

INTRODUCTION NEB is dependent on the milk production, which is

genetically determined, and energy intake, which

Dairy cows are under negative energy is diet-dependent. During NEB, the use of body

balance (NEB) during the first weeks of lactation as reserves of fat and protein is necessary to attend

a consequence of limited feed intake and increased the demand for high milk yield (NIGUSSIE, 2018)

milk production, which peaks 4 to 6 weeks after causing a change in the metabolic and hormonal
calving (LEDUC et al., 2021). The intensity of the status (BARLETTA et al., 2017).
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Preview studies have consistently reported
that the intensity of NEB may negatively affect
the conception rates of dairy cows by increasing
the incidence of early embryonic mortality and,
consequently, the return of ovarian activity after
calving (BRAGANCA & ZANGIROLAMO,
2018). Negative energy balance consequences
are probably similar to undernutrition and may
manifest as delayed ovarian activity interfering in
the pulsatile secretion of LH, which is essential for
ovarian follicular development (IWASA et al., 2018).
However, primiparous dairy cows usually did not
reach their tissues growth plateau at the first lactation
and presented lower reproductive performance after
calving than multiparous dairy cows (LUCY et al.,
1992; MEIKLE et al., 2004).

The nutritional and hormonal variables
involved in dairy cows’ reproductive performance
were partially identified. For example, progesterone
(P4) is a major hormone supporting early embryonic
development, in which blood concentration is determined
by the balance between P4 production, primarily by the
corpus luteum (CL), and P4 metabolism, primarily by
the liver (WILTBANK et al., 2014). In addition, most
diets offered to cows during the early lactation contain
excessive levels of rumen degradable protein, what leads
to high levels of ammonia absorption from the rumen,
increased urea production by the liver (NICHOLS et al.,
2022), and increased blood urea concentration which
negatively impacts embryo quality (MACHADO et
al., 2020). In fact, the liver is an overcharged organ,
particularly during the NEB period, when it has to
process concomitantly nutrients coming from gut and
from peripheral tissues (REYNOLDS, 1995). One
previous study (CAPELESSO et al., 2019) reported
that primiparous once-daily milked cows improve their
energy status over twice-daily milked cows. Also, in this
same study calving to conception interval did not differ
between once- or twice-daily milking, but the interval
from calving to first luteal activity tended to be shorter
in once-daily milked cows.

However, the impact of the nutritional
condition on blood metabolites and their relationship
with the reproduction of primiparous dairy cows is
not clearly understood. This study identified the
relationship between energy balance and some blood
metabolites in primiparous dairy cows with different
calving conception interval.

MATERIALS AND METHODS

This study is correlated and used blood
samples and nutritional data previously collected

and reported by CAPELESSO et al. (2019). Twenty
primiparous Holstein-Friesian cows were selected two
weeks before the expected date of calving and blocked
according to calving date, body weight (BW; 605 =
67.2 kg, mean + standard deviation), backfat thickness
(3.6 = 1.49 cm), and body condition score (3.6 + 0.29,
in a 1 to 5 point scale), and assigned to either once or
twice-daily milking up to the 8 week of lactation. The
cows were milked either at 6:00 a.m. or at 6:00 a.m. and
5:00 p.m. for once or twice-daily milking. After week
8, all cows were milked twice daily. All cows received
the same diet throughout the experiment. Prior to the
expected calving date (from -28 days), the cows were
fed a total mixed ration (TMR), formulated to meet the
requirements of heifers weighing 590 kg (NRC, 2001).
In the postpartum period, the diet was formulated to
achieve the requirements of cows weighing 520 kg
and producing 30 kg of milk per day. Seventy percent
of the estimated dry matter (DM) intake (NRC, 2001)
was individually offered as TMR (approximately
15.2 = 1.2 kg of DM/cow per day) after the morning
milking. Following the afternoon milking, all cows
grazed oat (Avena sativa L., var. INIA Halley) pasture
on paddocks size adjusted to provide 12 kg of DM/cow
per day. Intake of pasture and TMR was measured at
weeks 1, 3, 4, 6, and 8 of lactation for 3 consecutive
days per week. Individual milk yield was recorded
automatically at each milking, using DairyPlan C21
(GEA Farm Technologies, Diisseldorf, Germany).
The individual NEB was estimated at weeks 1, 3,
4, 6, and 8 of lactation as described (CAPELESSO
et al., 2019). The milk production in Dairy cows is
most profitable when conception occurs between 90
and 130 days postpartum (GIORDANO et al., 2011).
Previous studies have analyzed cows conceiving
by 100, 150, and beyond 150 days in milk (COOK
& GREEN, 2016). For this reason, differently from
CAPELESSO et al. (2019), the cows in our study were
grouped accordingly to calving conception interval,
as follows: early conception (early-c; n = 7) by 100
days in milk, mid-conception (mid-c; n = 8) from 101
to 150 days in milk and late conception (late-c; n = 5)
group that conceived beyond 151 days in milk. This
design allowed us to analyze the data (CAPELESSO
et al., 2019) considering as the endpoint a successful
pregnancy status.

Blood samples were collected from the
jugular vein, in tubes without anticoagulant, on
day -7 prior to parturition, and on days 28, 56, and
90 postpartum. The samples were kept at room
temperature for 1 h, refrigerated at 4 °C for 2 h,
centrifuged (1000 x g for 10 min at 20 °C) and stored
at —20 °C for further analysis. The N-urea in serum
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was determined by a colorimetry method using a
commercial kit (Bioclin, MG, Brazil). The analysis
of total and HDL cholesterol were performed by an
enzymatic colorimetric method (Advia 1800, Siemens,
Erlangen, Germany) and the LDL concentration was
calculated by the Friedewald formula (SCHARNAGL
etal.,2001). The progesterone analysis was performed
through the direct chemiluminescence method using
the Acridinium Ester Technology (Advia Centaur
XP, Siemens, Erlangen, Germany). The number of
days to cows return to cyclicity was recorded by
visual observation of the standing estrus. Then, the
cows were artificially inseminated and the number of
artificial inseminations necessary to conception was
also recorded.

For data analysis, cows were allocated
into three different groups, according to the interval
(days) from calving to conception: early-conception
group (early-c; < 100 days), mid-conception group
(mid-c; 100 — 150 days) and late-conception (late-c;
> 150 days). The effect of group treatment on
variables was tested by the ANOVA with repeated

measures throughout the time. Differences between
means were tested with Tukey-Kramer’s HSD test.
Data are presented as means = SEM. Significant
differences were stated at P < 0.05. Data that did not
follow a normal distribution pattern (Shapiro-Wilk’s
test) were transformed to logarithms. Homogeneity
of variance was tested with O’Brien and Brown-
Forsythe’s tests. All analytical procedures were
performed with JMP software (SAS Institute,
USA) with treatment group as main effect and cow
replicate as a random variable in F-test. The effect of
treatment was tested against each variable including
milking frequency as co-variable.

RESULTS

Cows in the early-c group presented higher
(P < 0.05) BCS (3.78) than cows of mid-c and late-c
groups (3.25 for mid-c and 3.50 for late-c cows) on
day 90, whereas no differences on BCS between
groups were observed on days -7, 28 and 56 of
lactation (Figure 1A). The energy balance (Figure 1B)

Figure 1 - Body condition score (A), energy balance (B), serum N-urea (C) and Milk production
(D) of Holstein heifers allocated into one of three distinct groups according to calving to
conception intervals: early-conception group (early-c; < 100 days), mid-conception group
(mid-c; 100 — 150 days), and late-conception group (late-c; > 150 days). Data presented as
mean + standard error of the mean (SEM). Temporal differences are indicated by P < 0.05.
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was, on average of all groups, negative only at 90
days whereas positive energy balance values were
observed in days 28 and 56 of lactation. However,
on day 90 of lactation, the early-c group had a less
intense NEB (P < 0.05) (-1.09 Mcal/day) than cows
of other groups (-2.15 for mid-c and -1.86 Mcal/day
for late-c). The cows presented no difference in days
necessary to return to cyclicity (early-c: 31 days,
mid-c: 30 days and late-c: 24 days) whereas the
number of artificial inseminations (AI) was lower
in early-c group (Al=1) when compared to mid-c
group (Al = 2) and late-c group (Al > 3).

On day -7 prior to parturition, lower
concentrations of serum N-urea (P < 0.05) were
observed in cows of early-c group (4.08 mg/dL)
when compared to the mid-c (7.98 mg/dL) and late-c
groups (6.60 mg/dL), the same result observed on day
90 (3.28 mg/dL early-c; 4.22 mg/dL mid-c; 4.88 mg/
dL late-c group) (Figure 1C). However, no differences
between groups were observed in the concentration of
serum N-urea on days 28 and 56 of the lactation. On
day 90, but not in days -7, 28, and 56 of lactation, the

HDL cholesterol concentration (Figure 2A) in serum
of cows of the early-c group was lower (P < 0.05)
(0.84 mmol/L) than in cows of mid-c (1.59 mmol/L)
and late-c (1.46 mmol/L) groups. No differences were
observed between groups for serum concentration of
LDL cholesterol (Figure 2B) and total cholesterol
(Figure 2C). Serum concentration of progesterone
was similar for all groups on days -7, 28, and 56 of
lactation (Figure 2D) and was higher in cows of the
early-c group (8.13 ng/mL) than in cows of mid-c
(4.54 ng/mL) and late-c (1.83 ng/mL) groups at 90
days of lactation.

DISCUSSION

Dairy cows frequently have severe NEB
during the first 30 days of lactation, associated
with longer intervals to first ovulation (ZHANG et
al., 2021). However, the energy balance in cows of
the present study (Figure 1B) was positive during
the earliest lactation and, different from expected,
it declined to a negative balance only about day 90

Figure 2 - HDL (A), LDL (B), total (C) cholesterol and serum progesterone (D) concentration
of Holstein heifers allocated into one of three distinct groups according to calving to
conception intervals: early-conception group (early-c; < 100 days), mid-conception
group (mid-c; 100 — 150 days), and late-conception group (late-c; > 150 days). Data were
presented as mean + standard error of the mean (SEM). Temporal differences are indicated
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of lactation in all groups. These results suggested
that the energy balance at early lactation was not
determinant of the reproductive performance of
primiparous cows and cannot explain the reason why
mid-c and late-c cows did not get pregnant before
90 days. These results suggested that the pregnancy
status of primiparous dairy cows in the present study
were influenced by some factors occurring later, after
the day 56 of lactation.

Between days 56 and 90 of lactation all
cows experienced NEB, however, the NEB in this
period was less intense in early-c group (Figure 1B).
As consequence, these cows presented a better BCS
(Figure 1A) at 90 days of lactation. In addition, at
90 days of lactation, cows of mid- and late-c groups
showed increased serum urea-N concentration (Figure
1C). High serum N-urea concentration is inversely
related to uterine pH and decreased pregnancy rates
in lactating cows (BUTLER et al., 1996). Moreover,
relatively high concentrations of serum N-urea
may change the follicular, oviductal, and uterine
environment of cows, impacting the viability and
development of embryos (MACHADO et al., 2020).
Increased urea-N concentration in blood may be a
consequence of increased levels of degradable protein
intake, excessive absorption of amino acids from gut
or during NEB, when amino acids from tissues are
deaminated into the liver of dairy cows (WRAY-
CAHEN et al., 1997, KRAFT et al., 2011). Once
mid-c and late-c cows presented a more intense NEB
(Figure 1B) after 56 days of lactation, it is probable
that these cows have mobilized more amino acids
from peripheral tissues during this period than cows
of the early-c group in the present study.

Progesterone plays a major role in the
reproductive events associated with estrous cycle
and the establishment and maintenance of pregnancy
(COUTO et al., 2019). Cholesterol is present in low
(LDL) or high-density (HDL) lipoproteins and is the
precursor for biosynthesis of progesterone in ovarium
(NISWENDER, 2002), which production is regulated
by the development of the corpus luteum after the LH
surge (WILTBANK et al., 2014) in addition to the
constitutive production of progesterone by the large
luteal cells (ARECHIGA-FLORES et al., 2019)).
Moreover, HDL is the predominant lipoprotein
present in bovine follicular fluid and it is the main
responsible to stimulate progesterone production by
luteal cells providing cholesterol substrate for luteal
steroidogenesis (WILTBANK et al., 1989). However,
in an apparent contrast, the serum concentration of
HDL (Figure 2A) at 90 days was lower and the serum
concentration of progesterone (Figure 2D) was higher

in early-c group compared to mid-c and late-c groups.
There is not a clear explanation for this difference.
However, it is possible that blood extraction of HDL
by ovarium and; consequently, progesterone synthesis,
was increased of early-c cows at 90 days. In other
way, increased blood concentration of progesterone
in early-c cows at 90 days of lactation could also be
consequence of decreased liver catabolism of this
hormone by these cows or due to pregnancy in some
cows prior to day 90.

Considering that the energy balance at
early lactation may not be directly determinant of the
reproductive performance of primiparous cows, it may
be affected by impaired liver function, independent
of what is the cause of liver injuries (ANGELI et al.,
2019). High-production dairy cows in the early lactation
have high levels of lipo mobilization, which can cause
changes in liver function and metabolism, with urea
being a blood indicator of liver function (GONZALEZ et
al., 2009). In our study, we observed lower reproductive
rates in the mid-c and late-c groups, which are the
groups with the most severe negative energy balance
and greater mobilization of body reserves.

However, differently expected, no
differences were observed between groups for
serum concentration of LDL cholesterol (Figure
2B) and total cholesterol (Figure 2C). In the early-c
group, on Day 90, lower blood concentrations of
HDL cholesterol (Figure 2A) and urea (Figure 1C)
were observed, which may indicate lower levels of
mobilization of body reserves. Therefore, we observed
in the early-c group a better postpartum metabolic
adaptation than in the mid-c and late-c group, which
promotes a gradual loss of body condition score and
the maintenance of metabolic health, ensuring the
return of postpartum cyclicality and production of
oocyte and corpus luteum quality that is required for
successful insemination (CARDOSO et al., 2021).

CONCLUSION

The cows in this study were in negative
energy balance only on day 90 postpartum. However,
during this same period, they showed changes
in metabolic variables and serum progesterone
concentration. Cows that presented a decline in
HDL (high-density lipoprotein) and N-Urea had an
increase in serum progesterone concentrations and
body condition score; and also, a shorter calving
conception interval. These parameters are important
indicators and may be used in animal selection for
reproduction in the postpartum period and in the
nutritional management of dairy properties.

Ciéncia Rural, v.54, n.9, 2024.
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