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Simple Summary: This study examined the effects of different prepartum supplementation plans
for Nellore cows, testing a control group receiving only minerals and three groups receiving 2 g, 4 g,
or 6 g of protein-energy supplement per kilogram of body weight daily. Cows receiving 4 g and 6 g
supplements showed improved body weight, condition scores, and a shorter service period. Higher
supplement levels also enhanced some metabolic health markers. We recommend 4 g of supplement
per kilogram of body weight to improve overall metabolic health and performance.

Abstract: This study assessed the effects of different prepartum supplementation plans on Nellore
cows’ performance, metabolic responses, and early offspring development. Thirty-nine pregnant
Nellore cows (224 ± 2.67 days of pregnancy, 5.3± 0.29 years of age, body weight 520± 15.2 kg, initial
body condition score 6.0 ± 0.07) were assigned to one of four treatments: a control group receiving
only mineral mixture ad libitum, and three groups receiving daily protein-energy supplements of
2, 4, or 6 g/kg BW for 60 days prepartum. Weights and body condition scores were evaluated
at the start of the experiment, 7 days before calving, and at 45 and 90 days postpartum. Cows
supplemented with 4 and 6 g/kg BW showed improved body weight and body condition scores
prepartum and postpartum and had a shorter service period (p < 0.05). The highest blood urea
nitrogen concentrations were observed in cows receiving 6 g/kg BW (p = 0.0124). There was a
reduction in blood urea nitrogen at calving for the 6 g/kg BW group, while the control group showed
an increase (p < 0.001). Non-esterified fatty acids concentrations were lower 21 days before calving
for the 4 and 6 g/kg BW groups compared to the control (p < 0.05) and decreased postpartum for all
treatments (p < 0.001). No significant differences were observed in calf birth weight or performance.
Supplementing with 4 g/kg BW of protein-energy is recommended to enhance metabolic health and
overall performance.

Keywords: nutrition; metabolism; reproduction

1. Introduction

The nutritional status of beef cows at calving is the main factor influencing the service
period [1,2]. An inadequate supply of nutrients at the end of pregnancy is detrimental to
reproduction, even when it is provided in sufficient quantity during lactation. There are
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studies that show that supplementing cows in the pre-calving period is more important
than in the post-calving period [3–5].

In beef cattle production systems, the reproductive season is ideally timed when
body weight, body condition score (BCS), and nutritional levels are at their optimal levels.
However, beef cows spend most of their gestation period during the dry season, which
is characterized by low availability and quality of forage. During this period, it is recom-
mended that forage availability should be in the upper range of 4 to 6% of body weight
(BW), with a crude protein (CP) content above 70 to 80 g/kg of dry matter (DM). Thus,
supplementation during this period can correct nutritional deficiencies and improve cows’
body condition [6,7], as this is one of the most important factors in determining the extent
of postpartum anestrus [8]. On the other hand, excess nutrients in the prepartum period
have also been associated with adverse effects on reproductive efficiency [5,9,10] and an
increased incidence of dystocia.

Changes in the nutritional status of beef cattle can be assessed through metabolites
that link nutrition and physiology [11] and help to accurately indicate the effects of sup-
plementation on animal metabolism. However, studies with Bos indicus under pasture
conditions are scarce and the results have been inconsistent. In a study of grazing Nel-
lore cows receiving protein-energy supplementation during the last 60 days of gestation,
ref. [12] observed an improvement in the prepartum negative energy balance. However, no
residual postpartum effects were detected. In contrast, ref. [13] reported that prepartum
supplementation with a protein-rich concentrate led to increased body weight in cows and
higher birth weight in calves.

The hypothesis is that higher levels of pre-calving supplementation reduce the negative
energy balance and improve reproduction in Nellore cows. Therefore, the aim of this study
was to evaluate different nutritional plans for beef cows in prepartum and their effects on
performance, metabolism, and influence on the early development of calves.

2. Materials and Methods
2.1. Animals, Experimental Design and Treatments

All practices involving the use of animals were approved by the Ethics Committee on
Animal Use at the Federal University of Viçosa (Protocol CEUAP-UFV 142/19).

The experiment was conducted at the Teaching, Research, and Extension Unit in
Cattle (UEPE-GC), at the Federal University of Viçosa, Minas Gerais, Brazil (20◦45′ S
42◦52′ W). The research was conducted from July 2019 to January 2020. The mean values of
temperature were 22.5 ◦C and the total precipitation was 1295 mm (Figure 1).
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We used 39 pluriparous, pregnant female Nellore cows with an average of 224± 2.67 days
of pregnancy at the start of supplementation, 5.3 ± 0.29 years of age, a body weight (BW) of
520 ± 15.2 kg, and a mean initial body condition score (BCS) of 6.0 ± 0.07, as detailed in the
following section. Body weight (BW) was measured individually using a mechanical scale
(Valfran®, Votuporanga, Brazil) at both the beginning and end of the experiment.

The animals were randomly assigned to a completely randomized design and under-
went 14 days of adaptation to the experimental area to be divided into lots of 4 or 5 animals
each, and also to the diet.

The experimental area consisted of eight paddocks of approximately 7.5 hectares each,
covered with Urochloa decumbens grass, with free access to water and feeders. Supplemen-
tation was 2 g/kg BW for all the animals, including those that would be allocated to the
control group in the future. During the adaptation period, endo- and ectoparasites were
also controlled with 3.5% doramectin (Treo ACE®, Zoetis, SP, Brazil).

The nutritional plans evaluated were control (cows that received only mineral mixture
ad libitum) and groups of cows that received 2, 4, or 6 g/kg body weight of protein-energy
supplement for 60 days before calving, in addition to mineral mixture ad libitum. The
supplement was provided in groups. After calving, all groups received only mineral
mixture ad libitum until 90 days after calving. The supplement was formulated to contain
300 g of crude protein per kg of dry matter (Tables 1 and 2).

Table 1. Supplement composition (g/kg) as feed.

Item Supplement

Ingredients (g/kg)
Ground corn 258
Wheat bran 258

Soybean meal 479
Urea:ammonium sulfate (9:1) 5

Mineral mixture composition: dicalcium phosphate (500.0 g/kg), sodium chloride (471.9 g/kg), zinc sulfate
(15.0 g/kg), copper sulfate (7.0 g/kg), cobalt sulfate (0.5 g/kg), potassium iodide (0.5 g/kg), sodium selenite
(0.1 g/kg) and manganese sulfate (5.0 g/kg).

Table 2. Chemical composition of the supplement and forage.

Item Supplement
Forage

August September October November December

DM 1 892.3 651.2 665.4 516 234.4 238.6
OM 2 965 931.8 933.6 934.7 933.7 934.1
CP 2 308.9 54.9 51.3 62.5 100.2 102.3

apNDF 2 163.3 749.2 780.6 709.4 530.3 535.1
iNDF 2 56.7 339.6 352.1 330.8 166.9 170.5

DM—Dry matter, OM—Organic matter, CP—Crude protein, apNDF—neutral detergent fiber corrected for ash
and protein, iNDF—indigestible neutral detergent fiber. 1 g/kg of natural material. 2 g/kg of DM.

Supplements were provided daily at 11:00 a.m. To prevent paddock effects in the treat-
ments the animals were alternated between paddocks every seven days so that each group
remained for the same amount of time in each paddock. Supplements were supplied to the
group of animals, with the amount calculated in relation to the group’s average weight.

2.2. Performance

Body Condition Score (BCS) is a tool used to assess the amount of body fat and muscle
reserves in an animal through visual evaluation. This score typically ranges on a scale
from 1 to 9, where 1 indicates a very thin animal and 9 indicates an obese animal [14].
To evaluate the performance of the cows, weights and BCS evaluations were performed
at the beginning of the experiment (60 days prepartum) and 7 days before the expected
calving date, and at 45 and 90 days after calving. The BCS was assessed by 3 experienced
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evaluators to NRC [14]. Body weight change prepartum was calculated as the difference in
BW 7 days before calving compared to the initial weight, and weight change postpartum
was calculated as the difference in BW at 45 and 90 days compared to calving. Shortly after
birth, the calves received their first navel treatments, identification, and weighing at birth
and at 90 days after birth to assess average daily gain (ADG).

The cows, 45 days after calving, underwent the mating season, during which they
were synchronized and then performed fixed-time artificial insemination (FTAI). The same
protocol was used for all animals, which consisted of the insertion of an intravaginal device
containing 1 g of progesterone (P4) (PRIMER®, Agener Union animal health, São Paulo
(SP), Brazil) on the first day of the protocol (D0), together with the administration of 2 mg of
estradiol benzoate (RIC BE®, Agener União animal health, SP, Brazil), via the intramuscular
administration. After 8 days (D8), the intravaginally P4 device was removed and 0.524 mg
of Cloprostenol (ESTRON®, Agener Union Animal helth, SP, Brazil) and 300UI of equine
chorionic gonadotropin (ECEGON®, Biogénesis Bagó animal health, Curitiba, Brazil) were
administered via intramuscular injection. On day 9 (D9), we applied 1 mg of estradiol
benzoate (RIC BE®, Agener Union animal health, SP, Brazil) and it was also administered
via intramuscular injection.

Artificial insemination (AI) was scheduled according to preovulatory follicle diameter
(PFOD) for 48 or 56 h after P4 device removal. Animals with PFOD ≥ 14 mm at D10 were
inseminated at the same time (48 h), while those with PFOD < 14 mm were evaluated
again after 8 h when they were then inseminated (56 h), provided that follicular growth or
ovulation was observed. Animals that presented PFOD less than 11.5 mm or more than
20 mm in any of the evaluations received 25 µg of Lecirelina, a GnRH analog (TEC-Relin®,
Agener Union animal health, SP, Brazil). All cows were examined via transrectal ultrasound
30 days after the first fixed-time artificial insemination (FTAI). Those who were not pregnant
underwent a second FTAI and were re-evaluated 30 days later. Cows with a viable embryo
were classified as pregnant. Pregnancy at the first FTAI was calculated as the proportion
of pregnant females 30 days after the first FTAI, divided by the total number of cows, and
overall pregnancy was calculated as the proportion of pregnant females 60 days after the
second FTAI, divided by the total number of cows. The service period was calculated as
the number of days it took the animals to become pregnant.

2.3. Body Composition

Seven days before the expected calving date, body composition was measured using
ultrasound to measure the loin eye area (LEA), in cm2, thickness of subcutaneous rib fat
(TSR), in mm, and thickness of subcutaneous fat on the croup (TSC) in mm. The TSC
images were taken between the ileum and ischium in a rectilinear position between the
two tuberosities until the identification of the upper border of the Biceps femuris, while
the TSR and LEA images were obtained in the intercostal region, between the 12th and
13th ribs, in the middle distal third of the loin eye area. The equipment used was the Aloka
ultrasound (SSD 500V®, Aloka, Ltd., Tokyo, Japan) with an 18 cm linear probe. The images
were analyzed with BioSoft Toolbox® II for beef (Biotronics Inc., Ames, IA, USA).

2.4. Forage Sampling

Pasture samples were collected every 30 days by handpicking (simulated grazing) to
assess forage quality.

To evaluate forage availability, forage was collected by cutting 5 cm from the ground
at five random points in each paddock, using a metal square of dimensions (0.5 × 0.5 m)
every 30 days. Subsequently, all samples were weighed, dried in an oven (55 ◦C), and then
ground in a Willey mill (Thomas-Wiley Laboratory Mill Model 3: Arthur H. Thomas Co.,
Philadelphia, PA, USA) at 2 and 1 mm for further analysis.

Forage and supplement samples processed on a 1 mm sieve were analyzed following
the description of standard analytical procedures of the National Institute of Science and
Technology in Animal Science (INCT-CA) [15], for the content of DM (INCT-CA method
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G-003/1), crude protein (CP; INCT-CA method N-001/1), mineral matter (MM; INCT-CA
method M-001/1), ether extract (EE; INCT-CA method G-004/1), neutral detergent fiber,
using thermostable alpha amylase without the addition of sodium sulfite and corrected
for ash and protein (apNDF; INCT-CA method F-002/1). For quantification of indigestible
neutral detergent fiber (iNDF; INCT-CA method F-009/1), an incubation procedure was
performed in situ nonwoven textile bags (100 g/m2) for 288 h of the samples processed at
2 mm.

2.5. Milk Sampling

To estimate milk production the cows were milked 30 days postpartum using a milking
machine. In order to drain the udders of the cows, the calves were separated from their
mothers from 3:00 p.m. to 5:45 p.m. when they were reunited with their mothers so that
they could suckle and then drain the milk from their udders. At 6:00 p.m., the calves
were separated from the cows, during which time they were housed in a pen with access
to water. The cows were milked at 5:00 a.m. of the following day immediately after the
application of 2 mL of Oxytocin (10 IU/mL, Ocitopec®, Biovet, São Paulo, Brazil) in the
mammary vein. The milk was weighed after complete extraction and about 30 mL of milk
was separated from each cow to assess milk composition. The exact order and time that
each cow was milked was recorded and then the calves were kept away from their mothers
and a new milking was performed at 6:00 pm to obtain 24 h milk production. After the
second milking, the calves were returned to the cows.

The collected milk was analyzed for protein, fat, lactose, and total solids content by
infrared spectroscopy (Foss MilkoScan FT120, São Paulo, Brazil).

2.6. Blood Samples

For evaluation of the metabolic and hormonal profile, blood samples were collected
at 7:00 a.m. on days −21, 0, 21 and 42 from calving (taking parturition as day 0) and for
progesterone blood samples were collected at 42 days postpartum by jugular vein puncture,
using sterile vacuum tubes and coagulation accelerator gel (SST II Advance®, BD Vacun-
tainer, São Paulo, Brazil) to quantify the concentrations of urea, total proteins, albumin,
triglycerides, total cholesterol, non-esterified fatty acids (NEFA), beta-hydroxybutyrate
(βHB), and progesterone. A tube with EDTA and sodium fluoride (BD Vacutainer® Fluori-
nated/EDTA, São Paulo, Brazil) was used to quantify the plasma glucose concentration.
After collection, samples were centrifuged at 3600× g for 20 min. Serum and plasma were
immediately frozen at −20 ◦C until analyzed.

Blood samples were analyzed using Bioclin® (Belo Horizonte, Brazil) kits to dose urea
(K056-UV kinetic method), total protein (K031-Biuret Method), albumin (K040-Bromocresol
Green Method), triglycerides (K117-Enzymatic Colorimetric Method), total cholesterol
(K083-Enzymatic Colorimetric Method) and glucose (K082-Enzymatic Colorimetric Method
(GOD-PAP)). Non-esterified fatty acids (NEFA) and β-hydroxybutyrate (βHB) were ana-
lyzed using Randox® kits (FA115—Colorimetric Method and RB1007—Enzymatic Method,
Antrim, UK). An automated biochemical analyzer (Mindray, BS200E, Shenzhen, China)
was used for all the aforementioned analyses. Progesterone levels were assessed using a
Beckman Coulter® kit (33,550, Brea, CA, USA). Globulins were calculated as the difference
between total protein and albumin. Blood urea nitrogen (BUN) was estimated as 46.67% of
total serum urea.

2.7. Statistical Analysis

The experiment was conducted and analyzed in an entirely randomized experimental
design with a double error structure. The results were analyzed by adopting the initial
body weight as covariate. The analyses of variance (ANOVA) for the variables studied
were performed according to the following mathematical model:

Yijk = µ+T_i + e_(i)j + ε_(ij)k, (1)
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where Yijk: observation taken on individual k in paddock j subjected to treatment i; µ:
overall mean; Ti: fixed effect of treatment; e(i)j: random, unobservable error associated with
each paddock j subjected to treatment i, NID assumption (0, σe2), and ε(ij)k: unobservable
random error associated with each observation k allocated to paddock j and subjected to
treatment i, NID assumption (0, σ2ε).

The effect of supplementation and the linear and quadratic effects of supplementa-
tion level were evaluated by decomposition of the sum of squares through orthogonal
contrasts [16]. Body weight, body composition, and blood metabolite measurements were
analyzed using the repeated measures procedure, where the day of collection was consid-
ered the repeated variable. The most appropriate covariance structure was chosen based on
the lowest value of the corrected Akaike information criterion. For variables that showed
a linear or quadratic effect, a Dunnett test at 5% probability was performed to identify
whether a supplemented treatment differed from the control. The pregnancy rate was
evaluated using a chi-square test. Values of p < 0.1 for reproductive evaluations were
considered a tendency. For all statistical procedures, the PROC MIXED procedure of SAS
(Statistical Analysis System; version 9.4) was used, adopting α = 0.05 as the critical level for
the probability of occurrence of type I error.

3. Results

The average availability of DM and pdDM (Potentially digestible dry matter) during
the experimental period was 4087 and 2970 kg/ha, respectively. For the forage samples
collected via simulated manual grazing, the average CP content was 77.7 g/kg DM (Table 2).

The BW of the cows showed a positive linear behavior in pre and postpartum with the
supplementation plan during the experimental period and showed differences in relation
to the day of weighing (p = 0.012; p < 0.001; Figure 2), and the animals that received 4
and 6 g/kg BW showed differences compared to the animals in the control treatment, in
relation to changes in BW 7 days before calving, with greater body weight gain (p = 0.008;
Table 3), and for these treatments the animals showed less change in body weight at 90 days
postpartum (p = 0.032; Table 3; Figure 2), compared to the animals of the control treatment.
The animals in the 4 and 6 g/kg BW treatments did not differ from each other. Animals in
the 2 g/kg BW treatment did not differ from the control treatment for BW change at pre
and postpartum (p > 0.05; Table 3; Figure 2).
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Table 3. Effect of supplementation levels on cow and calf performance.

Item 1
Treatments (g/kg BW) SEM p-Value 2

Control 2 4 6 C × S L Q

Cows
Initial BW, kg 508 524 524 522 16.62 0.465 0.599 0.607

BW 7 days prepartum, kg 531 547 569 585 17.04 0.140 0.071 0.974
Calving BW, kg 494 505 525 538 16.79 0.205 0.110 0.956

BW 45 days Postpartum, kg 471 486 515 530 15.21 0.087 0.038 0.983
BW 90 days Postpartum, kg 487 500 525 541 15.82 0.202 0.055 0.920
3 Change BW prepartum, kg 22.6 22.3 44.2 * 62.7 * 6.577 0.053 0.008 0.209

BW change 45 days Postpartum, kg −22.9 −19.6 −9.9 −8.9 5.478 0.183 0.839 0.101
BW change 90 days Postpartum, kg −7.1 −5.5 0.0 * 2.7 * 2.428 0.091 0.032 0.815

Initial BCS 5.9 6.0 6.1 6.0 0.149 0.401 0.589 0.423
Calving BCS 6.4 6.8 7.5 * 7.7 * 0.164 0.007 0.015 0.454

BCS 90 days Postpartum 5.5 5.8 6.3 * 6.7 * 0.208 0.032 0.011 0.789
Change of prepartum BCS 0.51 0.77 1.4 * 1.65 * 0.179 0.021 0.007 0.977

BCS change 90 days Postpartum −0.83 −0.97 −1.15 −0.89 0.126 0.296 0.575 0.169
LEA, cm2 42.6 45.6 48.5 * 49.8 * 1.171 0.015 0.009 0.479
TSR, mm 2.6 3.2 4.2 * 4.9 * 0.238 0.004 0.001 0.854
TSC, mm 3.2 3.6 4.9 * 5.4 * 0.382 0.028 0.008 0.894

Serving period, days 81 76 57 * 56 * 5.749 0.054 0.020 0.784
Calves

BW Birth, kg 37 36 35 37 1.754 0.744 0.878 0.396
BW 90 days, kg 87 91 89 95 3.091 0.246 0.155 0.666

ADG, kg/d 0.97 1.01 0.99 1.06 0.347 0.252 0.157 0.653
1 BW—Body weight; BCS—Body Condition Score; LEA—Loin Eye Area; TSR—thickness of subcuta-neous rib
fat; TSC—thickness of subcutaneous fat on the croup; FTAI—fixed-time artificial insemination; ADG—Average
daily gain. 2 C × S—Control vs. Supplementation; L e Q—linear and quadratic order effects. * Means statistically
different from the control by Dunnett’s test. 3 Change in body weight 7 days prepartum compared to the start of
the experiment

The results for BCS at birth and at 90 days postpartum presented a positive linear
effect with increasing supplementation (p = 0.015 and p = 0.011, respectively; Table 3), and
the change in BCS presented a positive linear effect in the prepartum (p = 0.007; Table 3),
being higher for animals in the treatments 4 and 6 g/kg BW compared to control, however,
there was no difference for BCS change 90 days Postpartum (p = 0.296; Table 3). For the
measurements of LEA (p = 0.009), TSR (p = 0.001), and TSC (p = 0.008) there was a positive
linear effect as the supply of supplement increased in the prepartum (Table 3).

Regarding calf performance, no effect of the supplementation plan was observed on
birth weight (p = 0.744; Table 3) and at 90 days of age (p = 0.246; Table 3). There were no
differences for overall pregnancy (p = 0.9386; Table 4), and for pregnancy at first FTAI,
there was a tendency for greater pregnancy as the supplement increased (p = 0.07; Table 4),
however, a positive linear effect was observed for the service period (p = 0.02; Table 3), in
which a lower service period was observed for animals in the 4 and 6 g/kg CP treatments
compared to animals in the control treatment (p < 0.05; Table 3), and animals in the 2 g/kg
CP treatment did not differ from the control (p > 0.05; Table 3). Milk yield (p = 0.698; Table 5)
and composition were not influenced by treatments (p > 0.05; Table 5).

Table 4. Effect of supplementation levels on cow reproduction.

Item 1
Treatments (g/kg BW)

SEM p-Value
Control 2 4 6

First FTAI pregnancy, % 33.3 45.4 70 88.9 - 0.0701
Overall pregnancy, % 77.8 81.8 88.9 88.9 - 0.9386

1 FTAI—fixed-time artificial insemination.
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Table 5. Effect of supplementation levels on milk yield and composition.

Item
Treatments (g/kg BW)

SEM
p-Value 1

Control 2 4 6 C × S L Q

Production, kg/d 7.5 7.8 7.6 7.7 0.439 0.698 0.825 0.831
Fat, % 5.6 5.5 5.3 5.5 0.337 0.691 0.749 0.697

Protein, % 4.5 4.5 4.5 4.4 0.129 0.859 0.711 0.726
Lactose, % 4.5 4.5 4.5 4.6 0.104 0.674 0.548 0.853

Total solids, % 15.2 15.3 15.0 15.2 0.376 0.981 0.924 0.919
1 C × S—Control vs. Supplementation; L e Q—linear and quadratic order effects.

For the concentrations of BUN (p < 0.001; Table 6), βHB (p = 0.013; Table 6), and NEFA
(p = 0.001; Table 6), there was an interaction of treatment with the day of blood collec-
tion for the other metabolites there were differences only regarding the day of collection
(p < 0.01; Table 6).

Table 6. Effect of supplementation levels on the metabolic profile of cows in pre and postpartum.

Item 1
Treatments (g/kg BW) SEM p-Value 2

Control 2 4 6 C × S L Q Day Treat × Day

Glucose, mg/dL 61.3 61.9 62.9 61.2 1.338 0.948 0.921 0.416 <0.0001 0.489
BUN, mg/dL 11.6 12.9 13.7 * 14.6 * 0.635 0.060 0.040 0.771 <0.0001 <0.001

Total Cholesterol, mg/dL 100.3 106 108 100.5 3.096 0.363 0.893 0.151 <0.0001 0.995
Triglycerides, mg/dL 20.2 22.1 22.3 20.1 0.924 0.291 0.970 0.084 <0.0001 0.160
Total Protein, g/dL 6.8 6.7 6.7 6.5 0.114 0.354 0.230 0.792 0.0002 0.871

Albumin, g/dL 2.9 2.9 3.0 3.0 0.051 0.282 0.150 0.697 <0.0001 0.707
Globulins, g/dL 3.9 3.8 3.7 3.6 0.127 0.188 0.100 0.956 0.003 0.996
βHB, mmol/L 0.47 0.43 * 0.42 * 0.42 * 0.011 0.015 0.020 0.105 <0.0001 0.013

NEFA, mmol/L 0.25 0.23 0.20 0.18 0.017 0.033 0.010 0.782 <0.0001 0.001
Progesterone, ng/mL 0.22 0.46 1.19 * 1.22 * 0.179 0.023 0.009 0.584 - -

1 BUN—Blood urea nitrogen; βHB—β-hydroxybutyrate; NEFA—Non-esterified fatty acids. 2 C × S—Control vs.
Supplementation; L e Q—linear and quadratic order effects; Day related to the birth; Treat × Day—Interaction
treatment day. * Means statistically different from the control by Dunnett’s test.

For glucose (Figure 3), higher concentrations were observed at parturition (p < 0.001;
73.5 mg/L), at 21 days postpartum, the concentrations reduced and remained stable
(p > 0.05). Lower serum concentrations were observed for total cholesterol (Figure 4)
at parturition and at 21 days postpartum (p < 0.001), which then increased from day 21 to
day 42.

The highest concentrations of BUN were observed in cows that received 6 g/kg of
PC on day −21, compared to those that received 4 g/kg of PC (p = 0.0124; Figure 5), both
of which differed significantly from the control group (p < 0.001). The animals in the
control treatment showed an increase in BUN concentrations at parturition (p < 0.001). In
contrast, cows in the 6 g/kg PC treatment experienced a reduction in BUN concentrations
at parturition (p < 0.001). The 2 g/kg and 4 g/kg PC treatments maintained stable BUN
concentrations at parturition (p = 0.6806 and p = 0.7785, respectively).

Triglyceride concentrations reduced from day −21 until calving (p < 0.0001; Figure 6),
holding constant over time (p > 0.05; Figure 6).

Total protein concentrations decreased at parturition (p < 0.001; Figure 7A), being no
difference 21 days postpartum (p = 0.2254; Figure 7A) and thereafter increased with the
days until day 42 (p = 0.0099; Figure 7A). Albumin decreased until day 21 postpartum
and subsequently increased (p < 0.05; Figure 7B), whereas globulins decreased only at
parturition (p = 0.004; Figure 7C) and maintained similar concentrations on days −21, 21,
and 42 postpartum (p > 0.05; Figure 7C).
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Figure 3. Glucose concentrations during pre and postpartum. Different letters indicate significant
differences between collection days (p < 0.05).
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Figure 4. Concentrations of total cholesterol during the pre and postpartum period. Different letters
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Figure 5. Blood urea nitrogen (BUN) concentrations during pre and postpartum. Asterisks (*) are
significantly different between treatments (p < 0.05).



Animals 2024, 14, 2283 10 of 17

Animals 2024, 14, x 10 of 17 
 

 
Figure 5. Blood urea nitrogen (BUN) concentrations during pre and postpartum. Asterisks (*) are 
significantly different between treatments (p < 0.05). 

Triglyceride concentrations reduced from day −21 until calving (p < 0.0001; Figure 6), 
holding constant over time (p > 0.05; Figure 6). 

 

Figure 6. Triglyceride concentrations during pre and postpartum. Different letters indicate signifi-
cant differences between collection days (p < 0.05). 

Total protein concentrations decreased at parturition (p < 0.001; Figure 7A), being no 
difference 21 days postpartum (p = 0.2254; Figure 7A) and thereafter increased with the 
days until day 42 (p = 0.0099; Figure 7A). Albumin decreased until day 21 postpartum and 
subsequently increased (p < 0.05; Figure 7B), whereas globulins decreased only at parturi-
tion (p = 0.004; Figure 7C) and maintained similar concentrations on days −21, 21, and 42 
postpartum (p > 0.05; Figure 7C). 

*

Control 2 g/kg 4 g/kg 6 g/kg

BU
N

 (m
g/

dL
)

8

10

12

14

16

18

20

22

Days relative to calving
−21 0 21 42

a

b b bTr
ig

ly
ce

ri
de

s (
m

g/
dL

)

10

15

20

25

30

35

40

45

Days relative to calving
−21 0 21 42

Figure 6. Triglyceride concentrations during pre and postpartum. Different letters indicate significant
differences between collection days (p < 0.05).
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Figure 7. Concentrations of total proteins (A); albumin (B); globulins (C) during pre and postpartum.
Different letters indicate significant differences between days (p < 0.05).
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The concentration of βHB was higher in the prepartum period for animals in the
control treatment (p < 0.001; Table 6; Figure 8). In this same period, there was no increase
in βHB concentrations for animals that received 4 and 6 g/kg of BW (p = 0.5062 and
p = 0.5142, respectively). However, animals that received 2 g/kg of BW at parturition
showed an increase (p = 0.0317). After parturition, all supplemented treatments showed an
increase in βHB concentrations (p < 0.001, Table 6 and Figure 8).
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Figure 8. Concentrations of β-hydroxybutyrate (βHB) during pre and postpartum. Asterisks (*) are
significantly different between treatments (p < 0.05).

The NEFA concentrations were lower 21 days before calving for the animals in the
treatments that received 4 and 6 g/kg BW (p = 0.004 and p = 0.001, respectively) compared
to the animals in the control treatment at calving the concentrations were high and there
were no differences between the treatments and at 21 days after calving, the 4 and 6 g/kg
BW treatments differed from the control (p = 0.048 and p = 0.031, respectively; Figure 9),
and at 42 days after calving the behavior was maintained, with the 4 and 6 g/kg treatments
differing from the control (p = 0.002 and p < 0.001, respectively; Figure 9) the same behavior
of reduced NEFA concentrations were observed after calving for all treatments (p < 0.001;
Figure 9).

Progesterone concentrations showed a positive linear effect with increasing supple-
ment supply (p = 0.009; Table 6; Figure 10), and higher progesterone concentration was
observed at 42 days for animals receiving 4 and 6 g/kg BW compared to animals in the
treatment 2 g/kg BW (p = 0.035 and p = 0.034, respectively; Table 6; Figure 10), animals in
the 2 g/kg BW treatment did not differ from the control (p = 0.394; Table 6 and Figure 10).
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Figure 9. Concentrations of non-esterified fatty acids (NEFA) during pre and postpartum. Asterisks
(*) are significantly different between treatments (p < 0.05).

Animals 2024, 14, x 13 of 17 
 

Progesterone concentrations showed a positive linear effect with increasing supple-
ment supply (p = 0.009; Table 6; Figure 10), and higher progesterone concentration was 
observed at 42 days for animals receiving 4 and 6 g/kg BW compared to animals in the 
treatment 2 g/kg BW (p = 0.035 and p = 0.034, respectively; Table 6; Figure 10), animals in 
the 2 g/kg BW treatment did not differ from the control (p = 0.394; Table 6 and Figure 10). 

 
Figure 10. Concentrations of progesterone at 42 days postpartum. Asterisks (*) are significantly dif-
ferent between treatments (p < 0.05). 

4. Discussion 
In this study the availability of forage was not a limiting factor for animal perfor-

mance, considering the supply of pdDM of 55 g/kg of animal BW during the entire exper-
imental period, higher than the range suggested by [7] of 40 to 50 g/kg BW. This justifies 
the good performance of the animals in the control treatment and the animals that re-
ceived 2 g/kg BW. 

During the last 60 days of pregnancy, cows have higher nutritional needs [17] and, 
according to [18], supplementation administered in adequate amounts during this period 
can have beneficial effects on the energy and protein metabolism of cows, not only due to 
the increase in body reserves but also due to its effects on cow metabolism later when 
supplements are no longer provided. These metabolism results found, provide evidence 
that adopting higher levels of supplementation in the prepartum period improves post-
partum cow performance. 

The levels of supplementation in the prepartum period influenced the body weight 
(BW) at 45 days postpartum. The animals that presented the greatest change in BW during 
the prepartum period, specifically those that received treatments of 4 and 6 g/kg BW, 
showed a reduction in BW loss at 90 days postpartum. This suggests a lower negative 
energy balance (NEB), evidenced by the lower concentration of non-esterified fatty acids 
(NEFA). Similar results were observed in studies, where animals that received 1.5 kg of 
supplement (3 g/kg BW) for 60 days before calving also showed less weight loss [18]. 

For BUN, the concentrations observed for the animals supplemented in the prepar-
tum period were linear with an increase in the level of supplementation. This is due to the 
fact that BUN is synthesized in the liver in quantities proportional to the concentration of 
ammonia produced in the rumen and the blood concentration of BUN is directly corre-
lated with the levels of protein, the proportions of rumen degradable protein (RDP) and 
rumen undegradable protein (RUP), in the supplement and with the energy/protein ratio 

*
*

0.23

0.46

1.20
1.22

Pr
og

es
te

ro
ne

 (n
g/

m
L)

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Control 2 g/kg BW 4 g/kg BW 6 g/kg BW

Figure 10. Concentrations of progesterone at 42 days postpartum. Asterisks (*) are significantly
different between treatments (p < 0.05).

4. Discussion

In this study the availability of forage was not a limiting factor for animal performance,
considering the supply of pdDM of 55 g/kg of animal BW during the entire experimental
period, higher than the range suggested by [7] of 40 to 50 g/kg BW. This justifies the good
performance of the animals in the control treatment and the animals that received 2 g/kg BW.

During the last 60 days of pregnancy, cows have higher nutritional needs [17] and,
according to [18], supplementation administered in adequate amounts during this period
can have beneficial effects on the energy and protein metabolism of cows, not only due to
the increase in body reserves but also due to its effects on cow metabolism later when sup-
plements are no longer provided. These metabolism results found, provide evidence that
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adopting higher levels of supplementation in the prepartum period improves postpartum
cow performance.

The levels of supplementation in the prepartum period influenced the body weight
(BW) at 45 days postpartum. The animals that presented the greatest change in BW during
the prepartum period, specifically those that received treatments of 4 and 6 g/kg BW,
showed a reduction in BW loss at 90 days postpartum. This suggests a lower negative
energy balance (NEB), evidenced by the lower concentration of non-esterified fatty acids
(NEFA). Similar results were observed in studies, where animals that received 1.5 kg of
supplement (3 g/kg BW) for 60 days before calving also showed less weight loss [18].

For BUN, the concentrations observed for the animals supplemented in the prepartum
period were linear with an increase in the level of supplementation. This is due to the
fact that BUN is synthesized in the liver in quantities proportional to the concentration of
ammonia produced in the rumen and the blood concentration of BUN is directly correlated
with the levels of protein, the proportions of rumen degradable protein (RDP) and rumen
undegradable protein (RUP), in the supplement and with the energy/protein ratio in the
diet [19–21]. It is known that feeding high levels of RDP reduces the efficiency of nitrogen
recirculation [22,23], leading to a higher concentration of BUN and kidney losses.

Previous studies in cattle during pregnancy [11,24] have provided evidence that
supplementation systems during the last third of pregnancy can alter calf birth weight,
suggesting that the source of energy and protein may affect fetal growth, which could
lead to problems with dystocia. Calf birth weight is a major factor in increasing the risk of
dystocia [25] and in such cases, calves typically perform inferiorly compared to animals
that have had non-dystocia births [25]. Furthermore, dystocia usually leads to delayed
return to estrus by cows postpartum [24].

However, in this study, there were no differences in BW of calves at birth and no cases
of dystocia. The performance of calves presented no differences at 90 days post-partum.
Corroborating the results of this study, refs. [18,26] found no difference in calf BW at birth
according to the supplementation applied to the cows.

According to some studies [4,27], BCS is a determining factor for cows to return to
early estrus with better conception rates. Furthermore, for cows with adequate BCS in
the final third of pregnancy, there is evidence that body reserves can be utilized during
pregnancy without compromising subsequent reproductive function [3].

The literature data reveal that restricted intake in pregnant cows during the late
gestation period results in weight loss, body condition score (BCS) loss, and elevated serum
concentrations of non-esterified fatty acids (NEFA) and beta-hydroxybutyrate (βHB). This
leads to prolonged periods of negative energy balance (NEB) in the postpartum period
for both dairy [28,29] and beef cows [27]. Non-esterified fatty acids are mobilized from
adipose tissue to provide energy for specific needs [29]. Elevated levels of NEFA can result
in the production of ketone bodies, such as β-OHB, and other energy substrates [2].

According to [10], non-supplemented pregnant cows can metabolize energy reserves
and alter their metabolism to meet the energy requirements of the growing fetus without
altering intake or overall growth, an example of these mechanisms is an increase in cir-
culating βHB accompanied by a reduction in body fat. As observed in this study, βHB
concentrations differed between treatments at prepartum with higher concentrations for
the non-supplemented animals and lower fat thickness in the rib and croup compared to
the other supplemented treatments.

Elevated βHB concentrations are indicative of a lack of energy and nutrients in the
animal body, leading to mobilization of its body reserves, resulting from poor adaptation to
NEB [30]. In beef cows, reduced serum βHB concentration prior to breeding was associated
with increased pregnancy rates at first service [27].

Although there was a difference between treatments in βHB concentrations on day 21,
these levels do not indicate a strong mobilization of body reserve for the non-supplemented
animals as observed by [2] who found values greater than 0.71 mmol/L of βHB at 30 days
prepartum, but rather that the cows had different nutrient balances during prepartum as
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also observed by [12], in which it was evident for animals in the control and 2 g/kg BW
treatment, which also presented greater weight loss postpartum.

The interval between calving and conception greatly influences the profitability of
beef production. Thus, in beef cattle systems, it is important that the cow is pregnant
within 85 days of calving to ensure that the cow produces one calf per year [18]. Although
no effect was observed on the overall pregnancy rate of cows, it is observed that animals
that received 4 or 6 g/kg BW of supplement had a higher number of pregnant animals at
the first FTAI. In addition, they had a shorter service period (Table 3), which can impact
future calf performance, as calves born earlier in the calving season have higher BW at
weaning [31].

Prepartum supplementation of beef cows has shown significant positive effects on
postpartum progesterone levels. This study observed that higher levels of prepartum sup-
plementation led to higher postpartum progesterone levels and a trend towards a higher
pregnancy rate at the first fixed-time artificial insemination (FTAI). Research indicates
that energy-protein supplementation during the last 60 to 84 days of pregnancy not only
improves productive performance but also optimizes the metabolic status of cows, resulting
in higher blood concentrations of progesterone after calving [32,33]. This increase in pro-
gesterone levels is directly associated with a faster return to ovarian activity, a crucial factor
for fertility and reproductive efficiency in cows. Additionally, adequate supplementation
helps to reduce NEFA levels, improving the energy balance and overall health of cows
during the peripartum period [32].

The fact that cows that received 4 and 6 g/kg BW, lost less weight from calving to
45 days postpartum in relation to control treatment cows’ evidence that they were less
affected with NEB. Furthermore, postpartum NEFA concentrations reduced with time
in relation to calving, suggesting recovery of the nutritional status of the animals, also
observed by the variation in BW of the animals, but for the animals that received 4 and
6 g/kg BW supplement, these concentrations at postpartum were lower than the control
treatment. Thus, these differences in blood concentrations between treatments reinforce
that supplementation with 4 and 6 g/kg BW during the prepartum period influenced
the energy requirements and the intensity of postpartum catabolism of cows, resulting in
higher NEB for non-supplemented animals and animals of the 2 g/kg BW treatment, as
previously discussed which having a higher BW. In fact, the animals in the treatments 4
and 6 g/kg BW, obtained higher levels of progesterone at 42 days after calving in relation
to the animals in the control treatment, which resulted in lower NEB and consequently
lower loss BW of these animals and shorter period of service.

Total cholesterol concentrations were reduced at calving and increased progressively
with days for all nutritional plans. Corroborating with [34,35] for postpartum blood choles-
terol in lactating beef cows and the reduction in triglyceride concentrations postpartum
suggests their use as energy demand for lactation, as they are important sources of long-
chain fatty acids for milk fat synthesis [36].

Albumin concentrations decreased significantly at parturition until 21 days after
calving, which could be related to the higher requirement of amino acids for milk produc-
tion [37]. At calving, globulins presented lower levels compared to the rest of the period,
which is justified by the transfer of immunity to colostrum production [38], which is also
reflected in the behavior of total protein concentrations.

In view of the results found in the present study, all nutritional plans presented
an acceptable calving interval. However, the animals that received 4 and 6 g/kg BW
supplementation presented a shorter service period compared to the control and 2 g/kg
BW groups. Thus, the increase in earlier calving due to earlier pregnancy can increase the
value of calves at weaning, justifying a higher supplementation level. In this case, there is
no significant difference between the use of 4 and 6 g/kg BW in supplements. Therefore,
economically, the use of 4 g/kg BW is the most recommended.
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5. Conclusions

Providing 4 g/kg BW of protein-energy supplement to grazing Nellore cows 60 days
prior to calving is recommended, which improves the metabolic characteristics of NEFA,
βHB, and progesterone levels and performance in the prepartum and postpartum period,
potentially affecting pregnancy rates.
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