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Simple Summary: Zebu cattle can produce food in high quantity and quality under adverse farming
conditions due to their greater tolerance to heat stress and resilience to parasites compared to taurine
breeds. With advances in genetic improvement programs, Gyr dairy cows currently have production
rates comparable to those of some taurine herds. The present study aimed to characterize the
metabolic profile (energy, protein, and mineral metabolism) of Gyr cows during the transition period,
which comprises the 21 days before and after parturition. This period constitutes a fundamental phase
in the life of a dairy cow, as significant hormonal and metabolic changes occur, which can predispose
the cow to diseases, in addition to affecting its productive indices. This study provides relevant
information by showing that high-yielding Gyr cows are metabolically balanced and less predisposed
to disease during the transition period compared to taurine dairy breeds. The possibility of rearing
this Zebu breed in the tropical regions of the world with excellent production rates highlights the
importance of this subject.

Abstract: This study aimed to evaluate the effects of parity, body condition score (BCS) at calving,
and milk yield on the metabolic profile of Gyr (Zebu) cows. Healthy cows in late pregnancy were
grouped according to parity (primiparous, biparous, and multiparous); to BCS scale at calving (high—
HBCS and normal—NBCS); and to milk yield (high—HP and moderate—MP production). BCS was
assessed, and blood samples were collected on −21, −7, 0, 7, 21, and 42 days relative to parturition.
The concentrations of non-esterified fatty acids (NEFA), beta-hydroxybutyrate (BHB), cholesterol,
glucose, total protein (TP), albumin, total calcium (Ca), phosphorus (P), and magnesium (Mg);
and activities of aspartate aminotransferase and gamma-glutamyltransferase were measured. Data
were analyzed by two-way repeated measures ANOVA. The frequencies of high lipomobilization,
subclinical ketosis, subclinical hypocalcemia (SCH), and the occurrence of diseases during early
lactation were established. Regardless of grouping, NEFA, BHB, and cholesterol increased during
early lactation; glucose showed higher values at calving; TP and albumin were higher at 21 and
42 DIM; and Ca, P, and Mg were lower at calving. Parity had little effect on the metabolic profile,
HBCS did not differ from NBCS cows, and HP did not differ from MP cows in most metabolites.
High lipomobilization in early lactation and SCH at calving were the most common imbalances but
were not related to postpartum diseases. High-yielding Gyr cows have a balanced metabolic profile
during the transition period, with few biologically relevant effects of parity, BCS at parturition, or
milk yielded.
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1. Introduction

Gyr cattle (Bos taurus indicus) are characterized by their ability to produce milk in
pasture systems under adverse environmental conditions due to their tolerance to heat
stress and parasites [1]. In Brazil, Gyr cows have been selected for milk yield since the
1930s [2]. Within specialized breeding programs, some Gyr herds have stood out for their
high production rates, which can be compared with some specialized dairy herds of taurine
breeds [3,4]. The importance of the Gyr breed in Brazilian dairy farming is due, in addition
to milk production, to its use in crosses with the Holstein breed, which produces Girolando
cattle (Holstein × Gyr) that are extremely productive and adapted to the environmental
conditions typical of tropical or subtropical climates [5].

The transition period is critical for dairy cows [6,7]. The endocrine and metabolic
changes that occur in the pre and postpartum periods are responsible for a series of imbal-
ances that predispose cows to diseases such as hypocalcemia, ketosis, retained placenta,
metritis, mastitis, and abomasal displacement [8–10]. High-producing Holstein and Jersey
cows are already known to be susceptible to these diseases, especially during early lactation,
and have been widely studied with regard to metabolic imbalances during the transition
period [11–13].

Information on this subject in Zebu dairy cows is scarce. Some studies conducted by
Brazilian researchers on crossbred Holstein × Gyr cows have shown that high-producing
cows have metabolic imbalances similar to those present in Holstein cows [14–17]. Specifi-
cally, for Gyr cows, information on the metabolic aspects during the transition period is
limited to two studies that included cows with low milk production (6 to 9 kg/day) and
measured a smaller number of metabolites [18,19]. The authors are unaware of previous
studies on high-yielding Gyr cows, and due to the relevance of the subject, they raised the
hypothesis that metabolic behavior during the transition period may be influenced by the
order of lactation, body condition score (BCS) at calving, and volume of milk produced. The
present study aimed to evaluate the effects of parity, BCS at calving, and milk production
levels on energy, protein, and mineral metabolism during the transition period in Gyr cows
selected for a high milk yield.

2. Material and Methods

This was a longitudinal study with convenience sampling. This study was carried out
in accordance with Brazilian law and the National Council for Animal Experiment Control
(CONCEA) guidelines. The project was previously approved by the Ethics Committee on
the Use of Animals (CEUA) of the Universidade Estadual de Londrina (protocol number:
CEUA-UEL 9250.2018.90).

2.1. Animals and Management

This study was carried out between June and December 2019 in a commercial dairy
farm located in the state of Minas Gerais, Brazil (20◦17′29′′ S 45◦32′23′′ W and 740 m of
altitude). The rainy season (November to March) is humid and cloudy with an average
monthly minimum temperature of 18 ◦C and maximum of 31 ◦C. The dry season (May to
September) is generally clear, with a minimum temperature of 12 ◦C and a maximum of
26 ◦C (public data from the National Institute of Meteorology). The herd comprised 154
lactating Gyr cows with mean body weights varying between 370 kg (primiparous cows)
and 520 kg (multiparous cows), and an average individual daily milk yield ranging from
19 to 33 kg. Total daily production varied between 3000 and 3700 kg of milk.

Eighty-five healthy cows at approximately 240 days of gestation were included based
on parity and BCS. They were divided into primiparous (P; n = 26), biparous (B; n = 21), and
multiparous (M; 3–6 calvings; n = 17) groups, all with BCS at calving ranging from 3.0 to 3.5,
according to the traditional scale [20]. Two other groups were composed according to BCS
at calving, including high BCS (HBCS; >3.5; n = 21) and normal BCS (NBCS; 3.0–3.5; n = 21).
The HBCS group was composed exclusively of multiparous cows. For the NBCS group, all
cows from the M group were included, in addition to 4 cows drawn from the B group. It
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was not possible to include cows that calved with a low BCS because this condition was
not observed during the study period. Finally, most of the cows included in the study,
except the P cows, were redistributed into the following two other groups according to
milk yield at 60 days in milk (DIM): a high producing group (HP; >30 kg of milk; n = 22)
and a moderate producing group (MP; 20–30 kg of milk; n = 30). The HP group consisted
of 5 biparous cows and 17 multiparous cows, while the MP group consisted of 13 biparous
cows and 17 multiparous cows. Cows with dystocia or twin pregnancies were not included
in the study.

The cows were kept in an open confinement system and separated into the following
two batches according to the production period: non-lactating cows in late pregnancy
(the last 21 days before calving) and lactating cows. Each batch was housed in uncovered
paddocks, with an available space of 10–15 m2 per cow and a feeding trough located along
the lateral fence of the paddock. Primiparous cows were housed together with other cows
in the paddocks. The feed consisted of a total mixed ration (TMR) calculated for the cows
in the prepartum transition period and during lactation (Table 1). The TMR was provided
three times daily (at 5 a.m., 11 a.m., and 4 p.m.) to ensure that feed was always available
in the trough. Water was provided ad libitum from troughs that were easily accessible to
the animals.

The calves were separated from the cows immediately after calving, and the colostrum
was milked within one hour postpartum using a mechanical milking system. Throughout
lactation, the cows were manually milked twice daily (at 5 a.m. and 3 p.m.). Individual
milk yields were measured by means of weighing every 15 days.

Table 1. Diets supplied for high-producing Gyr cows in the prepartum transition period and in the
first 100 days of lactation.

Prepartum * Postpartum
(kg/d) (%) (kg/d) (%)

Components
Corn silage 22.90 65.64 20.88 65.58

Corn 4.00 12.56 2.85 8.95
Soybean meal 3.74 11.74 2.30 7.22

Citrus pulp 1.77 5.55 1.97 6.19
Protected fat - - 0.33 1.03
Mineral core 0.18 0.56 0.52 1.61

Ammonium chloride 0.66 2.10 - -
Magnesium sulfate 0.54 1.70 - -

Dicalcium phosphate 0.05 0.15 - -
Lactating concentrate feed - - 3.00 9.42

Chemical composition
Dry matter (%) 46.51 48.57

Net energy (Mcal/kg) 2.21 2.36
Starch (%) 31.22 34.55

Crude protein (%) 12.33 14.92
NDF (%) 34.39 34.13
ADF (%) 18.57 19.30
EE (%) 2.46 2.63
Ca (%) 0.30 0.58
P (%) 0.22 0.30

Mg (%) 0.28 0.25
K (%) 0.75 0.94

Na (%) 0.03 0.22
S (%) 0.28 0.20
Cl (%) 0.20 0.42

DCAD (mEq/100 g DM) −10.0 9.41
* Period of intake: 21 days before calving.
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2.2. BCS Assessment and Sample Collection and Processing

The BCS was always evaluated by the same trained examiner at −21 (±3), −7 (±2), 0,
7, 21, and 42 days relative to calving, using the traditional scale [20].

At the same time points, blood samples were collected by coccygeal venipuncture
using a 30 × 0.8 mm needle and vacuum tubes without an anticoagulant and with EDTA
and sodium fluoride. On the day of calving, blood samples were collected immediately
after milking the colostrum. At other time points during lactation, samples were collected
after the first milking of the day. After a 60 min rest, the samples were centrifuged (2000× g
for 10 min). The serum and plasma obtained were stored in 2 mL aliquots and frozen
(−20 ◦C) until processing six months later.

Serum concentrations of non-esterified fatty acids (NEFA) (NEFA; Randox Laborato-
ries Ltd., Crumlin, UK); beta hydroxybutyrate (BHB) (Rabut; Randox Laboratories Ltd.,
Crumlin, UK); cholesterol (Cholesterol; Flex reagent cartridge, Siemens, São Paulo, SP,
Brazil); total protein (TP) (TP; Flex reagent cartridge, Siemens); albumin (ALB-PP; Gold
Analisa Diagnóstica Ltd., Belo Horizonte, MG, Brazil); total calcium (Ca) (Ca; Flex reagent
cartridge, Siemens); phosphorus (P) (P; Flex reagent cartridge, Siemens); and magnesium
(Mg) (Mg; Flex reagent cartridge, Siemens); plasma glucose concentration (Glucose; Flex
reagent cartridge, Siemens); and serum aspartate aminotransferase (AST) (AST; Flex reagent
cartridge, Siemens) and gamma-glutamyltransferase (GGT) (GGT; Flex reagent cartridge,
Siemens) activities were measured in an automated spectrophotometer (Dimension Xpand
Plus, Siemens, São Paulo, SP, Brazil) using specific commercial reagents.

2.3. Definition of Diseases and Metabolic Imbalances

The cows were monitored daily, and the diseases that occurred during early lactation
(up to 60 DIM) were evaluated. Uterine secretions were evaluated by Metrichek® at 7,
21, and 42 DIM for the diagnosis of endometritis or metritis according to the established
classification [21]. Clinical mastitis was diagnosed when visible changes were observed in
the milk, with or without signs of inflammation in the affected mammary gland.

The cutoff points adopted to define high lipomobilization were as follows: prepartum
NEFA concentrations >0.3 mmol/L [22] or >0.4 mmol/L [23] at two consecutive sam-
pling times and postpartum concentrations >0.7 mmol/L at two consecutive sampling
times [22,23]. Subclinical ketosis (SK) was defined by postpartum BHB concentrations
>1.2 mmol/L [22]. The value of 2.5 mmol/L was defined as the cutoff point for hypo-
glycemia [24]. Subclinical hypocalcemia (SCH) was defined as a total Ca concentration of
<2.125 mmol/L [25–27].

2.4. Statistical Analysis

The Shapiro–Wilk and Brown–Forsythe tests were used to verify the Gaussian distribu-
tion and equality of variance, respectively. Two-way repeated measure ANOVA was used
to test the effects of time relative to calving (−21 × −7 × 0 × 7 × 21 × 42 days), the effect
of parity (P × B ×M), and the interaction between these two factors. The same analysis
was applied to the cases of BCS at calving (HBCS × NBCS) and milk yield (HP ×MP).
All measured metabolites and BCS were included in the analyses, and the variables are
presented as means and standard error or standard deviations. The milk yield at 60 DIM,
average daily milk yield, total DIM, and total milk yield were compared between groups
using one-way ANOVA. Tukey’s test was used for multiple comparisons. The probability of
error for all the tests was 5%. The analyses were performed using SigmaPlot for Windows
13.1 (Systat Software Inc., San Jose, CA, USA).

3. Results

The milk yield results for all groups are presented in Table 2. Parity did not interfere
with lactation duration (p = 0.500), but P cows had a lower milk yield at 60 DIM (p = 0.007)
and lower average daily production throughout lactation (p = 0.001) than B and M cows.
The total milk yielded during lactation was lower in P cows than in M cows (p = 0.005).
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Milk yield did not differ between HBCS and NBCS cows (p > 0.05) but was higher in HP
cows than in MP cows (p < 0.001). On average, HP cows had 1 month longer lactation time
than MP cows (p = 0.020).

Table 2. Values (mean ± SD) of milk yield at 60 days in milk (DIM), average daily production, total
DIM and total milk yielded by Gyr cows grouped according to parity, body condition score at calving
and milk yield.

Groups Milk Yield at 60 DIM (kg) Average Daily
Production (kg/d) Total DIM Total Milk

Yielded (kg)

P 20.31 ± 5.12 b 19.50 ± 4.84 b 255.76 ± 34.85 5025.95 ± 1540.37 b

B 26.94 ± 8.26 a 24.97 ± 5.18 a 256.85 ± 39.19 6476.70 ± 1955.57 ab

M 27.74 ± 11.16 a 26.31 ± 8.63 a 269.00 ± 40.39 7096.30 ± 2731.87 a

HBCS 28.12 ± 11.94 25.86 ± 8.25 274.42 ± 41.70 7241.83 ± 2852.56
NBCS 27.17 ± 10.74 25.75 ± 8.10 261.40 ± 42.83 6781.47 ± 2658.28

HP 37.80 ± 6.32 a 33.23 ± 4.92 a 284.22 ± 35.21 a 9464.53 ± 1928.04 a

MP 22.25 ± 4.14 b 21.63 ± 3.52 b 258.06 ± 38.23 b 5590.09 ± 1258.61 b

a,b different letters represent differences between groups (p < 0.05). P: primiparous (n = 26); B: biparous (n = 21);
M: multiparous: (n = 17). HBCS: high body condition score (>3.5; n = 21); NBCS: normal body condition score
(3.0–3.5; n = 20). HP: high production (>30 kg/day; n = 22); MP: moderate production (20–30 kg/day; n = 30).

The BCS differed between groups related to parity and BCS at calving but showed no
difference when the cows were grouped according to milk yield (Tables 3–5). Regardless of
how the cows were grouped, BCS remained unchanged until calving and decreased during
early lactation (Tables 3–5). P cows had a lower BCS than the other groups at 42 DIM
(Supplementary Table S1), and HBCS cows maintained higher values than NBCS cows at
every time point, except at 42 DIM (Supplementary Table S4).

Table 3. Global means of body condition score (BCS) and metabolite concentrations in high-yielding
Gyr cows distributed by groups according to parity. Effect of group (G), effect of days relative to
calving (D) and interaction between the two factors (G × D).

Days Relative to Parturition SEM * p Value
−21 −7 0 7 21 42 G † D G × D

BCS 3.34 a 3.35 a 3.35 a 3.27 ab 3.19 bc 3.16 c 0.028 0.014 <0.001 0.493
NEFA (mmol/L) 0.31 d 0.38 cd 0.83 a 0.79 ab 0.52 c 0.64 bc 0.048 0.326 <0.001 0.146
BHB (mmol/L) 0.40 d 0.45 cd 0.45 cd 0.67 a 0.54 bc 0.58 ab 0.030 0.901 <0.001 0.004

Glucose (mmol/L) 3.03 b 3.01 b 6.30 a 3.40 b 3.47 b 3.29 b 0.162 0.400 <0.001 <0.001
Cholesterol (mmol/L) 2.57 d 2.58 d 2.38 d 2.94 c 4.46 b 5.80 a 0.101 0.367 <0.001 0.001

TP (g/L) 77.42 b 76.46 b 76.35 b 78.33 b 83.70 a 82.28 a 0.868 <0.001 <0.001 0.196
Albumin (g/L) 32.59 b 33.20 b 33.72 b 33.57 b 36.42 a 35.57 a 0.520 0.033 <0.001 0.379

AST (U/L) 65.40 b 69.93 b 73.52 b 94.00 a 73.06 b 69.95 b 3.165 0.030 <0.001 0.428
GGT (U/L) 28.43 b 31.73 b 43.10 a 33.25 b 32.72 b 30.28 b 1.689 0.217 <0.001 0.009

Ca (mmol/L) 2.21 b 2.25 ab 2.18 b 2.23 ab 2.27 a 2.24 ab 0.016 0.035 <0.001 0.002
P (mmol/L) 2.26 a 2.29 a 1.78 b 2.14 a 2.27 a 2.19 a 0.044 0.015 <0.001 0.012

Mg (mmol/L) 1.08 a 1.04 a 0.96 b 0.96 b 1.04 a 1.03 a 0.018 0.170 <0.001 0.241

* Standard error of mean. † Groups according to parity: primiparous (n = 26), biparous (n = 21) and multiparous
(n = 17). a,b,c,d different letters represent differences between timepoints (p < 0.05).
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Table 4. Global means of body condition score (BCS) and metabolite concentrations in high-yielding
Gyr cows distributed by groups according to BCS at calving. Effect of group (G), effect of days
relative to calving (D) and interaction between the two factors (G × D).

Days Relative to Parturition SEM * p Value
−21 −7 0 7 21 42 G † D G × D

BCS 3.72 a 3.70 a 3.69 a 3.51 b 3.36 c 3.32 c 0.038 <0.001 <0.001 <0.001
NEFA (mmol/L) 0.32 b 0.49 b 0.90 a 0.80 a 0.52 b 0.89 a 0.068 0.369 <0.001 0.085
BHB (mmol/L) 0.36 b 0.44 b 0.49 b 0.69 a 0.50 b 0.76 a 0.043 0.243 <0.001 0.085

Glucose (mmol/L) 3.08 b 3.00 b 6.52 a 3.38 b 3.46 b 3.11 b 0.239 0.934 <0.001 0.932
Cholesterol (mmol/L) 2.61 cd 2.57 cd 2.40 d 2.90 c 4.71 b 6.54 a 0.139 0.487 <0.001 0.977

TP (g/L) 80.86 bc 79.28 c 78.28 c 79.81 c 87.39 a 84.08 ab 1.306 0.224 <0.001 0.811
Albumin (g/L) 32.41 c 33.14 bc 34.37 bc 34.15 bc 37.17 a 35.23 ab 0.666 0.495 <0.001 0.865

AST (U/L) 61.40 c 67.98 bc 73.61 b 89.75 a 70.95 bc 71.67 bc 3.308 0.056 <0.001 0.761
GGT (U/L) 26.49 c 32.49 bc 41.93 a 35.22 abc 36.65 ab 36.51 ab 2.693 0.638 <0.001 0.772

Ca (mmol/L) 2.20 ab 2.24 a 2.15 b 2.22 ab 2.26 a 2.26 a 0.021 0.403 <0.001 0.797
P (mmol/L) 2.24 ab 2.30 a 1.73 c 2.03 b 2.16 ab 2.13 ab 0.055 0.710 <0.001 0.976

Mg (mmol/L) 1.07 a 1.01 ab 0.97 bc 0.94 c 1.02 ab 1.01 ab 0.018 0.564 <0.001 0.996

* Standard error of mean. † Groups according to BCS at parturition: HBCS, high (>3.5; n = 21), NBCS, normal
(3.0–3.5; n = 20). a,b,c,d different letters represent differences between timepoints (p < 0.05).

Table 5. Global means of body condition score (BCS) and metabolite concentrations in Gyr cows
distributed by groups according to milk yield. Effect of group (G), effect of days relative to parturition
(D) and interaction between the two factors (G × D).

Days Relative to Parturition SEM * p Value
−21 −7 0 7 21 42 G † D G × D

BCS 3.65 a 3.64 a 3.64 a 3.48 b 3.33 c 3.28 c 0.049 0.935 <0.001 0.609
NEFA (mmol/L) 0.30 c 0.43 bc 0.89 a 0.89 a 0.59 b 0.89 a 0.062 0.267 <0.001 0.112
BHB (mmol/L) 0.37 c 0.43 bc 0.48 bc 0.70 ab 0.57 b 0.79 a 0.038 0.033 <0.001 0.112

Glucose (mmol/L) 3.05 b 2.96 b 6.57 a 3.30 b 3.39 b 3.10 b 0.201 0.453 <0.001 0.041
Cholesterol (mmol/L) 2.64 d 2.58 d 2.47 d 3.04 c 4.89 b 6.28 a 0.112 0.014 <0.001 0.004

TP (g/L) 80.46 b 79.27 b 78.36 b 79.31 b 85.62 a 84.13 a 1.052 0.265 <0.001 0.215
Albumin (g/L) 32.50 d 33.47 cd 34.72 bc 34.99 bc 37.93 a 36.25 ab 0.594 0.658 <0.001 0.057

AST (U/L) 31.13 c 35.33 bc 69.87 b 91.46 a 70.75 b 71.68 b 2.538 0.486 <0.001 0.436
GGT (U/L) 26.53 c 32.27 bc 40.04 a 31.17 bc 32.77 b 35.97 a 1.808 0.402 <0.001 0.589

Ca (mmol/L) 2.21 b 2.26 ab 2.16 b 2.22 ab 2.28 a 2.29 a 0.017 0.184 <0.001 0.268
P (mmol/L) 2.27 a 2.29 a 1.76 c 1.98 bc 2.14 ab 2.15 ab 0.045 0.018 <0.001 <0.001

Mg (mmol/L) 1.09 a 1.03 b 0.96 c 0.96 c 1.05 ab 1.04 ab 0.015 0.018 <0.001 0.296

* Standard error of mean. † Groups according to milk production: HP, high (>30 kg/day; n = 22), MP, moderate
(20–30 kg/day; n = 30). a,b,c,d different letters represent differences between timepoints (p < 0.05).

The metabolites analyzed in the serum and plasma showed variations over time rela-
tive to calving (Tables 3–5). Regardless of grouping, the NEFA and BHB values increased
during early lactation, glucose showed higher values at calving, and cholesterol concentra-
tions gradually increased until 42 DIM. The concentrations of TP and albumin were higher
at 21 and 42 DIM, AST activity was higher at 7 DIM, and GGT activity was higher at calving.
The concentrations of Ca, P, and Mg were lower at calving, whereas the concentration of
Mg remained low at 7 DIM.

When the cows were grouped according to BCS at calving, there were no differences
between the groups and no interactions between factors (Table 4). In cows grouped by
parity, interactions were observed for BHB, glucose, cholesterol, GGT, Ca, and P (Table 3). P
cows had lower BHB concentrations than the other cows at 42 DIM, glucose did not differ
between the groups, and cholesterol was higher in B than in P cows at 21 DIM and lower in
B than in M cows at 42 DIM (Supplementary Table S1). GGT activity was lower in B cows
than in P cows at calving (Supplementary Table S2), and P concentrations were higher in
P cows at 7 and 21 DIM (Supplementary Table S3). At calving, the Ca concentration was
higher in P cows, intermediate in B cows, and lower in M cows. P cows had intermediate
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Ca values at 21 DIM and lower values than those of B cows at 42 DIM (Supplementary
Table S3).

HP cows did not differ from MP cows in most serum metabolites (Table 5). HP cows
showed higher concentrations of glucose at calving and cholesterol at 21 and 42 DIM
(Supplementary Table S7). P concentrations were lower in HP cows at calving, 7 DIM, and
21 DIM (Supplementary Table S9).

Regarding metabolic imbalances, the frequency of high lipomobilization in the prepar-
tum period was 27.0% (23/85) and 23.5% (20/85), assuming the cutoff points of >0.3
mmol/L and >0.4 mmol/L of NEFA, respectively. During early lactation, high lipomobi-
lization was observed in 35.3% (30/85) of cows, whereas SK was present in only 11.7%
(10/85) of cows. The frequency of SCH was 32.9% (28/85) at calving and only 4.7% (4/85)
of cows maintained SCH at 7 DIM. Among the hypocalcemic cows, 5 were primiparous, 5
were biparous, and 18 were multiparous.

Few diseases were observed in the studied cows up to 60 DIM, including clinical
mastitis (18.8%; 16/85) and metritis (11.7%; 10/85). Retained placenta, endometritis,
hypocalcemic paresis, clinical ketosis, or abomasal displacement were not observed.

4. Discussion

Information involving the metabolism of dairy Zebu cows is scarce in the literature,
with the vast majority of studies carried out on cows of taurine breeds raised in temperate
climate regions. To the authors’ knowledge, this is the first study to characterize the
metabolic profile of high-yielding Gyr dairy cows. Milk production of the cows studied
(20–40 kg/day), including MP cows, was higher than those previously described. Values
ranging from 6 to 15 kg/day have been reported in Gyr cows [18,19,28–30].

Even with high production, the values found in the studied cows were still below
those described for high-producing Holstein cows, ranging from 40 to 50 kg/day [31–33],
but were similar to those found in Jersey cows, ranging from 31 to 37 kg/day [34] and in
Simmental cows [35]. These values are also higher than those usually reported for crossed
Holstein × Gyr cows, which range from 20 to 30 kg/day [5,14,16,17,36]. Metabolic profile
studies are more suitable for high-producing dairy cows due to the greater risk of metabolic
imbalances in these cows [37,38].

The parity influenced the milk production in the studied cows, being higher in M than
in P cows. Lower production levels are reported in first lactation cows due to differences in
tissue mobilization and nutrient partition for growth and milk production [39]. Further-
more, mammary tissue is not yet fully developed in primiparous cows, as the number of
secretory cells is lower, which will be reversed with maturity [40,41].

The BCS slightly varied between the groups according to parity during the transition
period, showing a difference at 7 and 42 DIM when the P cows had lower values, indicating
that they lost more BCS during early lactation. This corroborates the results in Holstein
cows [42,43]. Regarding variation over time, there was a reduction in the BCS at the
beginning of lactation, except in M cows. Loss of BCS during early lactation is common
due to the mobilization of body reserves, especially fat and protein, to meet the demands
for milk production [44].

In the study presented here, BCS at calving had no effect on milk production, and HBCS
cows had total and mean milk production similar to that of NBCS cows. Consistent with
these results, no influence of BCS at calving on milk production was found in Holstein × Gyr
cows [45]. The lack of a group of Gyr cows with low BCS at calving made it impossible to
carry out a more complete analysis of the effects of BCS on the milk production in these
animals. Although this was planned, no cows with low BCS at parturition were found
during the study period. HBCS cows had a greater loss of body condition during early
lactation than NBCS cows, which is similar to previous reports on Holstein cows [46,47].

Based on the increased NEFA and BHB concentrations in early lactation, our results
corroborate those previously described in Holstein cows, demonstrating no relationship
between parity and NEFA and BHB concentrations [48,49]. However, higher levels of NEFA
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and BHB were reported in primiparous than in multiparous Holstein cows raised in pasture
systems [50]. On the other hand, lower NEFA and BHB levels were found in primiparous
Holstein cows [38,51]. Such findings may be influenced by numerous factors, such as time
relative to calving, BCS at calving, production system (confined vs. pasture), liver function,
and breed [52]. These findings suggest that under good nutritional conditions, parity does
not influence NEFA and BHB concentrations before and after calving. BHB was lower in P
Gyr cows just at 42 DIM, probably due to lower tissue mobilization in primiparous cows
than in multiparous cows, as previously described [53].

Differences in NEFA and BHB concentrations were observed between the HBCS and
NBCS cows at 42 DIM. The HBCS cows showed higher BCS values and a greater loss
of BCS after calving. Similar results were previously reported in Holstein cows; those
with high BCS during the prepartum period and at calving showed a greater loss of body
condition and energy imbalance during early lactation [44,54,55]. Higher levels of NEFA
and BHB were also found in HP versus MP cows at 42 DIM. This can be explained by the
greater mobilization of body reserves expected in high-producing cows [56]. In Holstein
cows, a relationship between milk production and high levels of NEFA and BHB was not
found [57]; however, it is well documented that high milk yield directly influences the
occurrence of energy imbalances [58–60].

The observed variation in NEFA and BHB values over time in Gyr cows agrees with
previous reports on Holstein cows [44,54,61] and crossbred Holstein× Gyr cows [15–17,62].
However, lower NEFA and higher BHB values after calving were reported in Jersey
cows [63]. In low-yielding Gyr cows, changes in NEFA were not observed [18], and
higher NEFA and BHB values were reported in heifers with high BCS [19]. Increased
lipolysis due to a negative energy balance (NEB) elevates circulating NEFA concentrations,
which are partially oxidized in the liver, causing the increased production of ketone bodies,
such as BHB [23].

Elevated NEFA concentrations are indicative of pre and postpartum NEB and high
lipomobilization, and are associated with several diseases that occur during this period,
such as clinical and subclinical ketosis, abomasal displacement, retained placenta, and
metritis [43,64]. In the studied cows, it was not possible to establish this relationship due
to the occurrence of a few disorders during the study period. High lipomobilization was
the most frequently observed imbalance in early lactation; however, the low prevalence
of subclinical ketosis indicates that Gyr cows tend to be metabolically balanced in terms
of energy metabolism. More studies with Gyr and other dairy Zebu cows, with a greater
number of observations, are needed to establish the association of certain cutoff points
for NEFA and BHB with the occurrence of diseases in the transition period, as the critical
values assumed for Holstein cows should probably not be taken as a parameter for Zebu
cattle. It is probable that the definition of specific reference intervals is necessary and not
only for NEFA and BHB. In the case of Gyr cows, this is even more relevant.

The higher concentration of glucose at calving is consistent with the results of Hol-
stein [27] and Holstein × Gyr cows [14,17,65]. This peak in glucose levels is caused by
elevated blood cortisol due to calving stress [24]. In a previous study [28], Gyr cows showed
higher cortisol concentrations than Holstein and Holstein × Gyr cows in response to stress
due to their greater reactivity, which reinforces the results of the present study.

The elevated serum cholesterol levels found at 21 and 42 DIM were similar to those re-
ported in Holstein [66,67], Holstein × Gyr [15,17,62,65], and low-yielding Gyr cows [18,19].
Higher cholesterol levels reflect a positive energy balance that is directly related to in-
creased dry matter intake [66,67]. Elevated cholesterol levels may result from the increased
production of lipoproteins in the liver as a means of removing triglycerides, owing to the
mobilization of fat stores [58,66]. The small variations in AST and GGT activities indicate
that the removal of triglycerides was carried out in a way that did not harm liver function,
avoiding fatty infiltration in the liver.

The TP concentrations showed differences related to parity and were lower in P cows.
Similar results have been reported in Holstein cows [48]. According to these authors, older
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cows tended to have higher concentrations of TP, similar to those of Gyr cows. The nutrient
partitioning between growth and milk production can explain these findings [39,53], which
are also justified by the considerable milk production in primiparous cows, since protein
mobilization is also necessary for milk production [68]. The albumin values remained
within physiological limits [69]. This was mainly due to the good nutritional conditions
in which the animals were kept. Variations in albumin concentrations can occur due to
protein deficiencies in the diet for a long period, a decrease in its synthesis, or an increase in
catabolism in situations of energy deficit [58]. The protein concentrations in the Gyr cows
during the study period were normal.

Serum Ca concentrations differed between parity groups at calving, with lower values
in M cows than in P cows. SCH at calving occurred more frequently in multiparous cows
than in primiparous or biparous cows. Cows with three or more parturitions are more
prone to this imbalance and have greater difficulties in maintaining calcemia within the
physiological range at the beginning of lactation [70]. In high-producing Gyr cows, this
problem appears to be similar to that observed in other breeds. Even with good nutritional
management and anionic diet intake during the prepartum transition period, approximately
one third of the cows had SCH at calving. This result is similar to that described in Holstein
cows, with SCH rates of 2%, 40%, and 66% in primiparous, biparous, and multiparous cows,
respectively [64], and in Holstein × Gyr crossbred cows, with SCH rates of 38.46% [71].
Compared with the studied cows, low-yielding Gyr cows had higher Ca concentrations
over the transition period [18], demonstrating that the volume of milk yielded can influence
pre and postpartum Ca levels. In the studied cows, Ca did not differ between groups
according to milk yield (Supplementary Table S9), although the MP cows yielded 20–30 kg
of milk per day. The absence of differences between groups contrasts with previous reports
on Holstein [72,73] and Holstein × Gyr cows [71].

Ca concentrations varied over time in all groups, especially at calving. Loss of this
mineral through colostrum and milk explains the occurrence of lower levels on the day of
calving [74], which can lead to imbalances early in lactation [75]. Clinical hypocalcemia
was not observed in any of the cows and was a rare occurrence in the observed herd.

Serum P and Mg levels varied over time; however, few differences were observed
between the groups during early lactation. According to a previous report [76], P is
expected to decrease at the day of calving. The same variation was found in Holstein ×
Gyr cows [15,17,71], and in Jersey cows [63]. In addition to the levels of Ca, the levels of P
decrease on the day of parturition, owing to the loss of large amounts of this mineral in the
colostrum [74]. According to a previous report [11], Mg concentrations, on the other hand,
increase at calving and at the beginning of lactation in Holstein cows, but this variation
was not consistently observed in the studied cows. Mg deficiency is an important risk
factor for the development of hypocalcemia after calving, as it interferes with the sensitivity
of bone tissue to parathyroid hormones (PTH), and its cause is low dietary levels of this
mineral [70]. In the present study, SCH was not related to hypomagnesemia, probably due
to the satisfactory levels of Mg in the diet.

Two points must be considered as limitations of the present study. The absence of
cows with low BCS at calving compromised a more comprehensive comparison of the
effects of this factor on the studied blood metabolites, preventing comparison between
groups according to BCS. The small number of cows studied prevented confirmation of the
existence of a relationship between high NEFA values at the beginning of lactation or low
Ca values at calving and the occurrence of diseases in early lactation. Future studies with
Gyr cows may clarify these doubts.

5. Conclusions

Gyr cows, selected for high milk yields and maintained under good nutritional con-
ditions, had a balanced metabolic profile during the transition period. Parity, BCS at
parturition, and level of milk production had few biologically relevant effects on the
metabolic profile of these animals. High lipomobilization in the postpartum period and
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SCH at calving were the most common imbalances found; however, they were not related
to the presence of diseases during early lactation.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani13152509/s1, Supplementary Tables S1–S9.

Author Contributions: Investigation, J.C.d.S.B. and J.A.N.L.; Methodology, J.C.d.S.B., J.A.N.L. and
E.J.F.F., Project administration, J.C.d.S.B. and J.A.N.L.; Laboratorial analysis, J.C.d.S.B. and K.K.d.C.F.;
Writing—original draft preparation, J.C.d.S.B. and J.A.N.L.; Writing—review and editing, J.C.d.S.B.,
J.A.N.L., E.J.F.F. and K.K.d.C.F. All authors have read and agreed to the published version of
the manuscript.

Funding: This study’s materials were used in the collection of samples funded by the Pos-Graduate
Program in Animal Science at Universidade Estadual de Londrina, PPGCA-UEL. The reagents
for laboratory analysis and publication costs were financed by Instituto Nacional de Ciência e
Tecnologia do Leite, INCT-Leite. We would like to thank the National Institute of Science and
Technology for the Dairy Production Chain and the Brazilian National Council of Scientific and
Technological Development (CNPq/INCTLeite; 465725/2014-7), and (PROEX/CAPES 1959/2015)
for financial support.

Institutional Review Board Statement: This study was carried out in accordance with Brazilian law
and the National Council for Animal Experiment Control (CONCEA) guidelines. The project was
previously approved by the Ethics Committee on the Use of Animals (CEUA) of the Universidade
Estadual de Londrina (protocol number: CEUA-UEL 9250.2018.90).

Informed Consent Statement: Nor applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to [privacy and ethical].

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Santana, M.L., Jr.; Pereira, R.J.; Bignardi, A.B.; El Faro, L.; Tonhati, H.; Albuquerque, L.G. History, structure and genetic diversity

of Brazilian Gyr cattle. Livest. Sci. 2014, 163, 26–33. [CrossRef]
2. Fernandes, A.R.; El Faro, L.; Filho, A.E.V.; Machado, C.H.C.; Barbero, L.M.; Bittar, E.R.; Igarasi, M.S. Genetic evolution of milk

yield, udder morphology and behavior in gyr dairy cattle. Rev. Bras. Zootec. 2019, 48, e20180056. [CrossRef]
3. Hortolani, B.; Bernardes, P.A.; Filho, A.E.V.; Panetto, J.C.C.; Faro, L.E. Genetic parameters for body weight and milk production of

dairy Gyr herds. Trop. Anim. Health Prod. 2022, 54, 84. [CrossRef] [PubMed]
4. Toro-Ospina, A.M.; Faria, R.A.; Castana, P.D.; Santana, M.L.; Gonzalez, L.G.; Espasandin, A.C.; Silva, J.A.V. Geno-type-

environment interaction for milk production of Gyr cattle in Brazil and Colombia. Genes Genom. 2023, 45, 135–143. [CrossRef]
[PubMed]

5. da Costa, M.D.; dos Reis, A.F.; Ruas, J.R.M.; Bispo, G.E.; Rocha Júnior, V.R.; Gomes, V.M.; Fuíza, T.L.; Rodríguez, M.A.O.; Mourthé,
M.H.F.; Pires, D.A.A. Productive and reproductive performance of females F1 Holsteins × Gir daughters of proven bulls. Trop.
Anim. Health Prod. 2021, 53, 10. [CrossRef]

6. Daros, R.R.; Hotzel, M.J.; Bran, J.A.; LeBlanc, S.J.; Keyserlingk, A.G.V. Prevalence and risk factors for transition period diseases in
grazing dairy cows in Brazil. Prev. Vet. Med. 2017, 14, 16–22. [CrossRef]

7. Pascottini, O.B.; Leroy, J.L.M.R.; Opsomer, G. Maladaptation to the transition period and consequences on fertility of dairy cows.
Reprod. Domest. Anim. 2022, 57, 21–32. [CrossRef]

8. Cattaneo, L.; Lopreiato, V.; Trevisi, E.; Minuti, A. Association of postpartum uterine diseases with lying time and metabolic
profiles of multiparous Holtein dairy cows in the transition period. Vet. J. 2020, 263, 105533. [CrossRef]

9. Jiang, L.-Y.; Sun, H.-Z.; Guan, R.-W.; Shi, F.; Zhao, F.-Q.; Liu, J.-X. Formation of Blood Neutrophil Extracellular Traps Increases the
Mastitis Risk of Dairy Cows During the Transition Period. Front. Immunol. 2022, 27, 1888. [CrossRef]

10. Menta, P.R.; Machado, V.S.; Pineñeiro, J.M.; Thatcher, W.W.; Santos, J.E.P.; Vieira-Neto, A. Heat stress during the transition period
is associated with impaired production, reproduction, and survival in dairy cows. J. Dairy Sci. 2022, 105, 4474–4489. [CrossRef]

11. Jeong, J.K.; Choi, I.S.; Kang, H.G.; Hur, T.Y.; Jung, Y.H.; Kim, I.H. Relationship between serum magnesium concentration during
the transition period, peri- and postpartum disorders, and reproductive performance in dairy cows. Livest. Sci. 2018, 213, 1–6.
[CrossRef]

https://www.mdpi.com/article/10.3390/ani13152509/s1
https://www.mdpi.com/article/10.3390/ani13152509/s1
https://doi.org/10.1016/j.livsci.2014.02.007
https://doi.org/10.1590/rbz4820180056
https://doi.org/10.1007/s11250-022-03088-9
https://www.ncbi.nlm.nih.gov/pubmed/35091866
https://doi.org/10.1007/s13258-022-01273-6
https://www.ncbi.nlm.nih.gov/pubmed/35689753
https://doi.org/10.1007/s11250-020-02462-9
https://doi.org/10.1016/j.prevetmed.2017.06.004
https://doi.org/10.1111/rda.14176
https://doi.org/10.1016/j.tvjl.2020.105533
https://doi.org/10.3389/fimmu.2022.880578
https://doi.org/10.3168/jds.2021-21185
https://doi.org/10.1016/j.livsci.2018.04.013


Animals 2023, 13, 2509 11 of 13

12. Valldecabres, A.; Pires, J.A.; Silva-Del-Río, N. Cow-level factors associated with subclinical hypocalcemia at calving in multiparous
Jersey cows. J. Dairy Sci. 2019, 102, 8367–8375. [CrossRef]

13. Ha, S.; Kang, S.; Han, M.; Lee, J.; Chung, H.; Oh, S.I.; Kim, S.; Park, J. Predicting ketosis during the transition period in Holstein
Friesian cows using hematological and serum biochemical parameters on the calving date. Sci. Rep. 2022, 12, 853. [CrossRef]

14. Silva Filho, A.P.; Mendonça, C.L.; Souto, R.J.C.; Silva, R.J.; Soares, P.C.; Afonso, J.A.B. Biochemical and hormonal indicators of
crossbred and sick cows during late pregnancy and early lactation. Pesq. Vet. Bras. 2017, 37, 1229–1240. [CrossRef]

15. Daibert, E.; De Alvarenga, P.B.; Rezende, A.L.; Fagundes, N.S.; Krüger, B.C.; Dos Santos, R.M.; Mundim, A.V.; Saut, J.P.E.
Metabolites able to predict uterine diseases in crossbred dairy cows during the transition period. Semin. Ciências Agrárias 2018, 39,
1037–1048. [CrossRef]

16. Moreira, T.F.; Filho, E.J.F.; Belli, A.L.S.A.C.; Meneses, R.M.; Leme, F.O.P.; Uribe, J.A.Z.; Rodrigues, L.M.; Carvalho, A.U. Metabolic
status of crossbreed F1 Holstein × Gyr dairy cows during the transition period in two different seasons in Brazil. Semin. Ciências
Agrárias 2018, 39, 2487–2500. [CrossRef]

17. Santos, L.G.C.; Breda, J.C.S.; Cerri, F.M.; Flaiban, K.K.M.C.; Filho, E.J.F.; Lisboa, J.A.N. Effect of change in body condition during
the dry period, milk yield and genetic groups on the metabolic profiles of high-producing Holstein × Gyr cows. Livest. Sci. 2022,
265, 105097. [CrossRef]

18. Lages, H.F. Partition and Mandatory Requirements without Final Energy Profile Assessment during the Transition Period of
Vacancies Gyr and F1 Holstein × Gyr. Ph.D. Thesis, Universidade Federal de Minas Gerais, Belo Horizonte, Brazil, 2015.

19. Angelo, I.D.V.; Stivanin, S.C.B.; Vizzotto, E.F.; Bettencourt, A.F.; Lopes, M.G.; Corrêa, M.N.; Pereira, L.G.R.; Fischer, V. Feed intake,
milk production and metabolism of Holstein, Gyr and Girolando-F1 heifers with high body condition score during the transition
period. Res. Veter. Sci. 2022, 152, 127–133. [CrossRef]

20. Ferguson, J.D.; Galligan, D.T.; Thomsen, N. Principal Descriptors of Body Condition Score in Holstein Cows. J. Dairy Sci. 1989, 72,
68–78. [CrossRef]

21. Sheldon, I.M.; Lewis, G.S.; LeBlanc, S.; Gilbert, R.O. Defining postpartum uterine disease in cattle. Theriogenology 2006, 65,
1516–1530. [CrossRef]

22. Ospina, P.A.; Nydam, D.V.; Stokol, T.; Overton, T.R. Evaluation of nonesterified fatty acids and β-hydroxybutyrate in tran-sition
dairy cattle in the northeastern United States: Critical thresholds for prediction of clinical diseases. J. Dairy Sci. 2010, 93, 546–554.
[CrossRef]

23. McArt, J.A.; Nydam, D.V.; Oetzel, G.R.; Overton, T.R.; Ospina, P.A. Elevated non-esterified fatty acids and β-hydroxybutyrate
and their association with transition dairy cow performance. Veter. J. 2013, 198, 560–570. [CrossRef] [PubMed]

24. Mair, B.; Drillich, M.; Klein-Jöbstl, D.; Kanz, P.; Borchardt, S.; Meyer, L.; Schwendenwein, I.; Iwersen, M. Glucose concentration in
capillary blood of dairy cows obtained by a minimally invasive lancet technique and determined with three different hand-held
devices. BMC Vet. Res. 2016, 12, 1–11. [CrossRef] [PubMed]

25. Oetzel, G.R. Oral Calcium Supplementation in Peripartum Dairy Cows. Vet. Clin. Food Anim. Pract. 2013, 29, 447–455. [CrossRef]
[PubMed]

26. Farnia, S.A.; Rasooli, A.; Nouri, M.; Shahryari, A.; Bakhtiary, M.K.; Constable, P.D. Effect of postparturient oral calcium
administration on serum total calcium concentration in Holstein cows fed diets of different dietary cation-anion difference in late
gestation. Res. Vet. Sci. 2018, 117, 118–124. [CrossRef]

27. Lopera, C.; Zimpel, R.; Vieira-Neto, A.; Lopes, F.R.; Ortiz, W.; Poindexter, M.; Faria, B.N.; Gambarini, M.L.; Block, E.; Nelson, C.D.;
et al. Effects of level of dietary cation-anion difference and duration of prepartum feeding on performance and metabolism of
dairy cows. J. Dairy Sci. 2018, 101, 7907–7929. [CrossRef]

28. Negrão, J.A.; Marnet, P.-G. Milk yield, residual milk, oxytocin and cortisol release during machine milking in Gir, Gir × Holstein
and Holstein cows. Reprod. Nutr. Dev. 2006, 46, 77–85. [CrossRef]

29. dos Reis, C.B.M.; Barreiro, J.R.; Moreno, J.F.G.; Porcionato, M.A.F.; Santos, M.V. Evaluation of somatic cell count thresholds to
detect subclinical mastitis in Gyr cows. J. Dairy Sci. 2011, 94, 4406–4412. [CrossRef]

30. Santana, M.; Pereira, R.; Bignardi, A.; Filho, A.V.; Menéndez-Buxadera, A.; El Faro, L. Detrimental effect of selection for milk
yield on genetic tolerance to heat stress in purebred Zebu cattle: Genetic parameters and trends. J. Dairy Sci. 2015, 98, 9035–9043.
[CrossRef]

31. Ferreira, G.; Teets, C.L. Performance and income over feed costs when feeding alfafa or grass hays and corn or wheat grains to
high-producing dairy cows. Appl. Anim. Sci. 2020, 36, 583–591. [CrossRef]

32. Nemati, M.; Hashemzadeh, F.; Ghorbani, G.R.; Ghasemi, E.; Khorvash, M.; Ghaffari, M.H.; Nasrollahi, S.M. Effects of sub-
stitution of beet pulp for barley or corn in the diet of high-producing dairy cows on feeding behavior, performance, and ruminal
fermentation. J. Dairy Sci. 2020, 103, 8829–8840. [PubMed]

33. Burch, A.; Pineda, A.; Lock, A. Effect of palmitic acid-enriched supplements containing stearic or oleic acid on nutrient digestibility
and milk production of low- and high-producing dairy cows. J. Dairy Sci. 2021, 104, 8673–8684. [CrossRef] [PubMed]

34. Valldecabres, A.; Silva-Del-Río, N. Effects of postpartum oral calcium supplementation on milk yield, milk composition, and
reproduction in multiparous Jersey and Jersey × Holstein crossbreed cows. J. Dairy Sci. 2021, 104, 795–805. [CrossRef] [PubMed]

35. Buonaiuto, G.; Lopez-Villalobos, N.; Costa, A.; Niero, G.; Degano, L.; Mammi, L.M.E.; Cavallini, D.; Palmonari, A.; Formigoni, A.;
Visentin, G. Satyability in Simmental cattle as affected by muscularity and body condition score between calvings. Front. Vet. Sci.
2023, 10, 1141286. [CrossRef] [PubMed]

https://doi.org/10.3168/jds.2018-16180
https://doi.org/10.1038/s41598-022-04893-w
https://doi.org/10.1590/s0100-736x2017001100007
https://doi.org/10.5433/1679-0359.2018v39n3p1037
https://doi.org/10.5433/1679-0359.2018v39n6p2487
https://doi.org/10.1016/j.livsci.2022.105097
https://doi.org/10.1016/j.rvsc.2022.07.025
https://doi.org/10.3168/jds.S0022-0302(94)77212-X
https://doi.org/10.1016/j.theriogenology.2005.08.021
https://doi.org/10.3168/jds.2009-2277
https://doi.org/10.1016/j.tvjl.2013.08.011
https://www.ncbi.nlm.nih.gov/pubmed/24054909
https://doi.org/10.1186/s12917-016-0662-3
https://www.ncbi.nlm.nih.gov/pubmed/26911673
https://doi.org/10.1016/j.cvfa.2013.03.006
https://www.ncbi.nlm.nih.gov/pubmed/23809900
https://doi.org/10.1016/j.rvsc.2017.11.017
https://doi.org/10.3168/jds.2018-14580
https://doi.org/10.1051/rnd:2005068
https://doi.org/10.3168/jds.2010-3776
https://doi.org/10.3168/jds.2015-9817
https://doi.org/10.15232/aas.2020-02023
https://www.ncbi.nlm.nih.gov/pubmed/32828513
https://doi.org/10.3168/jds.2020-19913
https://www.ncbi.nlm.nih.gov/pubmed/33934867
https://doi.org/10.3168/jds.2020-19079
https://www.ncbi.nlm.nih.gov/pubmed/33162078
https://doi.org/10.3389/fvets.2023.1141286
https://www.ncbi.nlm.nih.gov/pubmed/37065221


Animals 2023, 13, 2509 12 of 13

36. Franzoni, A.P.S.; da Gloria, J.R.; Costa, A.L.B.D.S.A.; Martins, R.A.; Amaral, T.F.; de Azevedo, R.A.; Campos, E.F.; Coelho, S.G.
Metabolic and hormone profiles of Holstein × Gyr cows during pre- and postpartum. Pesqui. Agropecuária 2018, 53, 371–377.
[CrossRef]

37. Kida, K. The metabolic profile test: Its praticability in assessing feeding management and periparturient diseases in high yielding
comercial dairy herds. J. Vet. Med. Sci. 2002, 64, 557–563. [CrossRef]
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