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Abstract

This study explored the metabolic adaptions to grazing conditions of two

Holstein genetic strains (GS; North American, NAH; New Zealand, NZH) in two

feeding strategies (FS; restricted, P30, vs. maximised, PMAX, grazing). Four groups

(NAH‐P30, NZH‐P30, NAH‐PMAX and NZH‐PMAX; n = 10 cows each) were

compared between −45 and 180 days in milk (DIM). NZH cows had lower

(p = 0.02) fat and protein corrected milk (FPCM) yield and a tendency for lower

(p = 0.09) body condition score concomitantly with a trend (p < 0.07) for higher

average plasma insulin and lower (p = 0.01) 3‐methylhistidine (3MH) at −45 DIM

than NAH. Plasma glucose tended to be affected by the triple interaction

GS × FS ×DIM (p = 0.06) as it was similar between NAH‐P30 and NZH‐P30, but

higher (p ≤ 0.02) for NZH‐PMAX than NAH‐PMAX except at 21 DIM. The

physiological imbalance index was affected by the GS × FS interaction (p < 0.01) as

it was lower (p < 0.01) only for NZH‐PMAX versus NAH‐PMAX. NZH cows had

higher (p = 0.01) plasma thiobarbituric acid reactive substances at −45 DIM and

tended to have higher protein carbonyls (p = 0.10) and superoxide dismutase (SOD)

activity (p = 0.06) on average, and had higher (p < 0.01) α‐tocopherol during

mid‐lactation than NAH Regarding the FS, FPCM was similar (p = 0.12) among

them, but PMAX cows had higher (p < 0.01) plasma non‐esterified fatty acids and

3MH, and lower insulin (p < 0.01) than P30 at 100 DIM. PMAX cows showed higher

average SOD activity (p = 0.01) and plasma α‐tocopherol at 100 and 180 DIM

(p < 0.01). Under grazing, NZH cows can have a better energy status and lower

muscle mobilisation but a higher redox reactivity. Maximising grazing can worsen

energy status and muscle mobilisation while improving antioxidant response with no

effect on FPCM.
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1 | INTRODUCTION

Major physiological challenges for dairy cows rely upon the need to

cope with increased nutrient requirements (Bell & Bauman, 1997),

and facing the physiological imbalance during negative energy

balance (NEB) at early lactation stage (Moyes et al., 2013). The

magnitude and duration of this catabolic state, in which dairy cows

experience peripheral tissues mobilisation, are strongly affected by

the feeding strategy and body reserves at parturition (Meikle et al.,

2013). During the last decades grazing dairy systems—especially

those which maximise grazing—are becoming more relevant as they

reduce feed cost and offer benefits for animal welfare (Dillon et al.,

2006) and environmental care (Basset‐Mens et al., 2009). However, it

has been indicated that grazing dairy cows are not able to express

their potential dry matter intake (DMI) as the ability of grazing is

constrained by the ingestive behaviour, bite mass, bite rate and

grazing time which can be determined by herbage mass, sward

structure, pasture quality and supplementation strategy (Baudracco

et al., 2010; Kolver & Muller, 1998; Méndez et al., 2020). In

consequence, cows with high genetic merit for milk yield usually

show a deeper and longer NEB of early lactation when compared to

confined dairy cows in total mixed ration (TMR) based‐systems

(Astessiano et al., 2015; Baudracco et al., 2010; Meikle et al., 2013).

Thus, the metabolic challenge of the onset of lactation is usually

exacerbated in grazing systems.

It has been proposed the cow genotype should be selected

according to the production system in order to achieve reasonable

milk yield goals without compromising animal reproduction, welfare,

and metabolic status (Delaby et al., 2009; Horn et al., 2014). During

several decades, the genetic selection in United States's Holstein

(NAH) led to high individual milk yields and decreased reproductive

efficiency (Brito et al., 2021; Lucy, 2001). Despite reproductive traits

were introduced in the genetic selection index in the early 2000's

leading to improved reproductive efficiency during these last 20

years, the reproductive performance in North American Holstein is

still not optimal being the improved pregnancy rates are mostly due

to environmental rather than genetic effects (Brito et al., 2021;

VanRaden et al., 2004). In contrast, New Zealand's selection strategy

has been focused on milk solid yield of New Zealand Holstein (NZH)

cows in grazing systems (Harris & Kolver, 2001) and several studies

reported better reproductive performance for NZH than NAH

genetic strain as reviewed by Baudracco et al. (2010). In fact, as

reviewed by Rodríguez‐Bermúdez et al. (2017), NZH strain has been

shown to be better adapted to pastoral conditions than NAH strain.

Indeed, when compared to NZH under grazing conditions, NAH cows

presented higher DMI per unit of metabolic live weight (LW),

increased energy and nutrient partitioning towards milk production

sustained by a higher loss of body reserves during NEB, and a

stronger uncoupling of the somatotropic axis, and increased insulin

resistance (Chagas et al., 2009; Lucy et al., 2009; Talmón et al., 2022).

Despite it is well known that also muscle catabolism and oxidative

stress take part within the homeorhetic responses when nutritional

requirements cannot be fulfilled by feed intake (Pedernera et al.,

2010; van der Drift et al., 2012), the specific role of amino on the

metabolic homeorhetic adaptions to challenging situations are

recently gaining scientific attention in dairy physiology and nutrition

(e.g., Liang et al., 2021; Webb et al., 2020). In this sense, through a

metabolomic approach we have recently observed several differ-

ences, including higher plasma concentrations of branched‐chain

amino acids in NAH versus NZH cows suggesting that specific amino

and protein metabolic changes should underly metabolic adaptive

differences between these genetic strains (GS) (Jorge‐Smeding,

Carriquiry, Cantalapiedra‐Hijar, et al., 2021). However, the possible

roles of amino and protein metabolism underlying the metabolic

adaptive responses of NAH and NZH to grazing conditions have not

been studied yet. Thus, this work aimed to assess the effect of

Holstein genetic strain (NAH vs. NZH) combined with different

grazing‐based feeding strategies (FS) on cows' protein and redox

metabolism in relationship with energy and lipid homeorhetic

changes across lactation. We hypothesised that NAH cows have a

lower adaptive capacity to face grazing systems constraints which

lead to more acute changes in energy and protein metabolism

(enhanced catabolic state) associated with higher oxidative stress

because of its higher milk yield when compared with NZH cows

under grazing conditions. The metabolic differences between NAH

and NZH are expected to be more evident when grazing activity is

maximised.

2 | MATERIALS AND METHODS

2.1 | Experimental design and treatments

The experiment was located at the Experimental Research Station ‘La

Estanzuela’ (34°20' S, 57°40' W) belonging to the National Institute

of Agronomic Research of Uruguay. Forty out of 120 fall‐calving

multiparous dairy cows of two Holstein GS (NAH, n = 20; NZH,

n = 20) were randomly selected from a larger grazing experiment.

Within each genetic strain, cows were paired by parity (3.1 ± 0.9

lactations) and calving date (5/8/2018 ± 18 days), and randomly

allocated to one of the two FS (P30 vs. PMAX) in a 2 × 2 factorial

arrangement leading to 4 experimental groups: NAH in P30 (NAH‐

P30, n = 10), NZH in P30 (NZH‐P30, n = 10), NAH in PMAX (NAH‐

PMAX, n = 10) and NZH in PMAX (NZH‐PMAX, n = 10). Previous to

calving, NAH cows had a LW of 626 ± 15 kg and a body condition

score (BCS) of 3.19 ± 0.04, while NZH had a LW of 537 ± 15 kg and a

BCS of 3.29 ± 0.04. At least 87.5% of each cow's ancestors (three

generations) had an American (USA or Canada) or New Zealand

proved origin for NAH and NZH GS, respectively (Mejoramiento y

Control Lechero Uruguayo; https://www.geneticalechera.com.uy/).

The 305‐days expected milk yield was 7500 and 5500 kg, and the

economic and productive breeding index, which includes milk yield,

fat, protein, fertility and udder health (Rivero et al., 2012), was

108 ± 3 and 125 ± 2 (mean ± SE) on average for NAH and NZH cows,

respectively. The NAH cows had an expected progeny difference of

+34 ± 41 kg, +0.08 ± 0.03% and +0.02 ± 0.02% for milk yield, milk fat
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content, and milk protein content, respectively, compared to the

national herd. The NZH cows had an expected progeny difference of

−141 ± 40 kg, +0.13 ± 0.03%, and +0.14 ± 0.01%, for milk yield, milk

fat and milk protein content, respectively, compared to the

national herd.

During the dry period and prepartum all cows stayed outdoors and

were offered the same diet through a TMR (comprising maize silage,

oat haylage, barley straw, soybean meal, soybean hulls, urea, CaCo3,

commercial mineral and vitamin supplement); the average chemical

composition is presented inTable 1. At calving, cows were assigned to

the FS previously stated, and grazed annual (Avena byzantine or Lolium

multiflorum) and perennial (Dactylis glomerate +Medicago sativa or

Festuca arundinacea) pastures on a daily rotational grazing system.

Daily paddocks with free access to water were allocated to cows of

each group (GS × FS) after milking. Herbage mass (above 5 cm to

ground level) was estimated weekly by measuring sward height using a

pasture metre (C‐Dax pasture metre; C‐Dax) and a calibrated equation.

Both FS aimed to maximise yearling milk production per surface unit of

the milking platform (i.e., the total area assigned to lactating cows

exclusively) through maximising pasture production and high stocking

rates while similar use of concentrates per cow and year. FS were

designed to achieve the predicted DMI according to (NRC, 2001), and

mainly differed in the strategy of pastures use through different

proportions of grazed versus harvested herbage included in the diet

leading to differences in annual grazing activity (Stirling et al., 2021).

The P30 feeding strategy was conducted to reach, on average during

lactation, one‐third of estimated DMI from directly grazed pastures,

while in PMAX the objective was to maximise pasture DM intake per

ha according to the weekly pasture growth rate of the grazing

platform. On average during lactation, P30 comprised 35% and 65%

(relative to cows' DMI) of directly grazed pastures and TMR,

respectively. The TMR was made up of conserved forages and

concentrate (forage‐to‐concentrate ratio 50:50 ± 9%, mean ± SD; DM

basis; Table 1), and it was offered once a day after morning milking.

Herbage allowance was adjusted weekly to offer one‐third of the

estimated DM intake, and excess growth rate was mechanically

harvested as haylage to maintain the same average pasture stock as in

PMAX and to avoid a reduction in pasture quality. In PMAX, herbage

allowance (kg DM/cow·day; Table 1) was adjusted weekly on the basis

of pasture growth rate in the grazing platform and stocking rate, to

keep a pasture stock of 665 ± 312 (kg DM/ha). In addition, a

commercial concentrate (Table 1) was offered twice a day at the

TABLE 1 Pasture characteristics and average diet composition (mean ± SD) according to feeding strategy

P30 PMAX
−45 DIM 21 DIM 100 DIM 180 DIM −45 DIM 21 DIM 100 DIM 180 DIM

a. Pasture characteristics

Herbage mass (kg DM/ha)a ‐ 2964 ± 50 2695 ± 73 1620 ± 611 ‐ 2790 ± 467 2549 ± 64 1563 ± 293

Herbage height (cm) ‐ 23.6 ± 1.9 19.1 ± 0.9 15.2 ± 4.4 ‐ 24.5 ± 2.3 19.3 ± 0.5 14.9 ± 2.1

Herbage allowance (kg DM/cow∙day) ‐ 11.9 ± 0.3 13.9 ± 3.1 9.7 ± 1.3 ‐ 17.5 ± 1.6 21.8 ± 0.8 21.2 ± 1.0

b. Diet composition

Pasture (%)b ‐ 35.6 ± 2.5 35.6 ± 2.9 32.5 ± 0.4 ‐ 40.9 ± 0.3 37.8 ± 3.8 55.3 ± 1.6

Concentrate (%)c ‐ ‐ ‐ ‐ ‐ 36.3 ± 1.8 38.3 ± 0.6 44.7 ± 1.6

Forage reserves (%)c ‐ ‐ ‐ ‐ ‐ 22.8 ± 3.0 23.9 ± 3.2 0.0 ± 0.0

Total mixed ration (%)c,d 100.0 ± 0.0 64.4 ± 2.5 64.4 ± 2.9 67.5 ± 0.8 100.0 ± 0.0 ‐ ‐ ‐

DM (%)e 52.9 ± 0.0 47.5 ± 1.8 49.0 ± 0.2 59.2 ± 0.2 52.9 ± 0.0 50.6 ± 3.5 48.7 ± 9.3 52.1 ± 1.0

CP(%)e,f 14.0 ± 0.0 17.8 ± 1.1 19.4 ± 0.1 17.2 ± 0.1 14.0 ± 0.0 15.2 ± 2.6 17.1 ± 3.4 20.8 ± 0.1

NDF (%)e,f 49.2 ± 0.0 39.2 ± 0.8 38.2 ± 0.3 39.5 ± 0.1 49.2 ± 0.0 37.4 ± 0.5 38.1 ± 1.2 39.3 ± 0.4

ADF (%)e,f 33.2 ± 0.0 25.8 ± 0.5 24.4 ± 1.4 25.0 ± 0.1 33.2 ± 0.0 22.5 ± 1.4 24.1 ± 2.1 19.9 ± 0.3

ENL (MJ/kg DM)e,f,g 5.8 ± 0.0 6.2 ± 0.1 6.6 ± 0.1 6.4 ± 0.1 5.8 ± 0.0 6.2 ± 0.1 6.8 ± 0.4 7.1 ± 0.1

Abbreviations: ADF, acid detergent fibre; CP, crude protein; DIM, days in milk; DM, dry matter; ENL, net energy of lactation; NDF, neutral detergent fiber;
P30, feeding strategy P30; PMAX, feeding strategy with maximised grazing activity; SD, standard desviation given by variability within feeding strategy
during the 5 days of milk recording in each experimental period.
aEstimated by C‐Dax pasture metre (C‐Dax, Turitea, New Zealand);
bEstimated by the difference between offered and refused herbage mass at ground level;
cEstimated by the difference between the feed offered and refused;
dDiet composition at −45 DIM correspond to the offered diet in a unique herd;
eEstimated as average composition based on diet composition and nutritional quality of each aliment;
fExpressed on DM basis;
gAccording to NRC (2001).
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milking parlour. Whenever pasture allowance was considered restric-

tive to maintain the target DM intake, or in rainy conditions, forage

reserves (a mix of corn silage and pasture haylage; 73:27 ± 6% on a

DM basis, respectively) were offered in a feeding parlour immediately

before the afternoon milking. On average during lactation, PMAX

comprised 45% of grazed pastures, 40% of concentrate and 15% of

conserved forage. The FS had similar nutritional value (Table 1).

Specific details on chemical composition of individual feeds can be

found in Suppl. Table 1, while greater details on grazing management

can be found in previously reported data for this experiment (Stirling

et al., 2021; Talmón et al., 2020).

2.2 | Animal measurements and sampling

Cows were milked twice a day at 0400 and 1400 h. Milk yield was

measured daily using an automated recording system (Dairy Plan; GEA

Farm Technologies), and milk samples preserved with potassium

dichromate (Lactopol®; Grupo Benzo) were collected every 14 days

to determine fat, protein and milk urea (MUN) concentration by a milk

analyser (Combi FOSS FT+; Foss Electric; HillerhØd). Cow LW and BCS

were measured every 14 days from −45 to 180±18 DIM. LW was

measured using an electronic scale (model AD‐4406; A&D Weighing),

and BCS was measured by two trained operators using the Edmonson's

scale (1−5, Edmonson et al., 1989). At −45, 21, 100 and 180 ± 18 DIM

blood samples were taken by coccygeal venipuncture using 10ml

heparinized Vacutest® tubes (Vacutest Kima). Plasma samples were

immediately harvested by centrifuging at 4000g for 12min, aliquoted,

and stored at −80°C until analysis.

2.3 | Metabolites, hormones and enzymatic
activities determinations

Plasma concentrations of glucose, non‐esterified fatty acids (NEFA), β‐

hidroxybutyrate (BHB), cholesterol, urea (MUN), total protein, and

albumin were quantified by spectrophotometry using a 96‐well

microplate reader (Multiskan FC, Thermo Fisher Scientific) and

commercial kits (Biosystems SA, Barcelona, Spain for glucose, choles-

terol, urea, total protein, and albumin; and Randox Laboratories, Crumlin,

UK for NEFA and BHB). For all assays, the intra‐assay and inter‐assay

coefficients of variation for low and high controls were <16.5% and

12.0%, respectively. Plasma concentrations of 3‐methylhistidine (3MH)

were quantified after derivatization with fluorescamine according to

Houweling et al. (2012) using high performance liquid chromatography

tandem mass spectrometry (HPLC‐MS/MS). Insulin concentrations were

determined by radioimmunoassay in a single assay (DIAsource Immuno

Assays). Intra‐assay coefficients of variation were 3.7% and 9.4% for the

low and high controls, respectively.

Lipid and protein oxidation biomarkers were assessed determining

plasma concentrations of thiobarbituric acid reactive species (TBARS)

and protein carbonyls, respectively. Concentrations of TBARS were

measured using a colorimetric method at 532 nm according to (Wernicki

et al., 2006) using a 96‐well microplate reader (Multiskan FC; Thermo

Fisher Scientific). The concentration of malondialdehyde was calculated

using its extinction coefficient (156,000mol/cm; adjusted for the path

length of the solution in the well). Protein carbonyls concentration was

determined through absorbance of 2,4‐dinitrophenylhydrazine (DNPH)

derived carbonyls at 380 nm as previously reported (Ceci et al., 2015)

using a 96‐well microplate reader (Multiskan FC, Thermo Fisher

Scientific Inc). Concentrations were calculated using the DNPH molar

extinction coefficient (22,000mol/cm; adjusted for the path length of

the solution in the well). Results were expressed as nmol of DNPH/mg

of total protein. The antioxidant systemwas assessed by enzyme activity

of superoxide dismutase (SOD) and glutathione peroxidase (GPx) in

plasma as well as plasma concentration of α‐tocopherol (vitamin E). The

activity of SOD and GPx were measured spectrophotometrically by

kinetic assays using commercial kits (Randox Laboratories Ltda) in a

Varioskan Flash microplate reader (Thermo Fisher Scientific) according

to manufacturer's protocol. For GPx activity determination plasma

samples were not diluted while SOD protocol had a minor modification:

prior to apply the manufacturer's protocol, 30 µl of chloroform and 50µl

of ethanol were added to 100µl plasma samples, mixed and vortexed

for 1min. Subsequently, samples were centrifuged at 17,000g for 1min

and 4°C. Supernatant was recovered and 9µl diluted with 0.01M

phosphate solution (pH= 7.0) in a 25:75 relationship (vol/vol, sample:-

diluent). Results were expressed as mU of activity per mg of total

protein measured in plasma. Plasma α‐tocopherol (vitamin E) concen-

tration was determined using a reversed‐phase HPLC method using an

1100 Agilent quaternary pump HPLC (Agilent Technologies) with a

fluorescent detector as previously reported (Schweigert et al., 2003).

2.4 | Calculations and statistical analyses

Fat and protein corrected milk (FPCM) yield was calculated as

previously reported (Østergaard et al., 2003) according to the

following equation (1):

FPCM = [0.383(%fat) + 0.242(%protein)

+ 0.7832]/[3.14] [MY]
(1)

where MY is milk yield (kg/day).

Insulin sensitivity was estimated by the Revised Quantitative

Insulin Sensitivity Check Index (RQUICKI) (Holtenius & Holtenius,

2007), while the risk of developing production metabolic diseases

was estimated by the Physiological Imbalance Index (PI) (Moyes et al.,

2013), calculated according to equations 2 and 3, respectively:

RQUICKI = (log[glucose] + log[insulin] + log [NEFA]) (2)

PI = ln[NEFA] + ln[BHB]–[glucose] (3)

Where glucose concentration is in mg/dl, insulin is in µU/ml and

NEFA is in mmol/L in equation 2, while in equaytion 3 [NEFA] is

expressed in mEq/L, (BHB] in mmol/L and [glucose] in mmol/L.

4 | JORGE‐SMEDING ET AL.



Data were analysed as repeated measures with a mixed model

using the MIXED procedure (SAS®; University Edition; SAS Institute).

The model included the genetic strain, feeding strategy, DIM and its

interactions as fixed effects, and the cow as a random effect. Calving

date and days in pregnancy were tested as covariates and were

removed because of lack of significance (p > 0.1, in all cases). Spatial

power was chosen for covariance structure due to unequally spaced

sampling periods (Littell et al., 2006). For all results, means were

considered to differ when p ≤ 0.05, and trends were identified when

0.05 < p ≤ 0.10. Least squares means were compared using Tukey's

test. Correlation analysis was done in R (www.r-project.org) using the

hlmisc package. In order to integrate the different metabolic variables

measured in the current study, the metabolic trajectory was semi‐

quantitatively assessed through principal component analysis (PCA)

as previously reported (Zhang, Sun, Sun, Jiao, & Wang, 2013) on the

basis of plasma metabolites, hormones and enzymatic activity

described above of each cow (n = 40, 10 cows per group) at each

sampling time (4 sampling dates) using R software (www.r-project.

org). In brief, the PCA integrates the original variables by combining

them in latent variables containing most of the variation (Wehrens,

2011). Then, by plotting each sample (each animal at each time point)

according to its score values (score plots), the metabolic trajectory of

each group can be addressed through the pattern described by the

centroid of each ellipse (95% confidence of each group at each time

point).

3 | RESULTS

3.1 | Milk yield, milk composition, LW and BCS

FPCM yield was higher (p = 0.02) for NAH than in NZH cows (32.3 vs.

28.9 ± 1.0 kg/day, respectively) and decreased (p < 0.04) from 21 to

180 DIM for all cows (Figure 1a), and it was similar (p = 0.12) between

FS (29.5 vs. 31.7 ± 0.9 kg/day, for P30 and PMAX, respectively,

Table 2). Cow LW was higher (p < 0.01) for NAH than NZH cows

(Table 2, Figure 1b) and was affected by the triple interaction

between GS, FS and DIM (p < 0.01), as LW decreased (−10% on

average, p ≤ 0.02) in all cows from −45 to 21 DIM except for NZH‐

PMAX which showed no significative changes at this time (517 vs.

497 ± 20 kg, for −45 vs. 21 DIM, respectively, p = 0.32). Then, all

cows increased (p < 0.01) by 10% their LW from 21 to 100 DIM, and

remained unchanged until 180 DIM. In contrast, cow BCS tended to

be higher (p = 0.09) for NZH than NAH cows (2.71 vs. 2.65 ± 0.06,

respectively) on average, and was affected by DIM (p = 0.01), as it

decreased (p < 0.01) from −45 to 100 DIM, remaining then

unchanged until 180 DIM in all cows (Figure 1c).

3.2 | Energy and protein metabolism

Plasma NEFA concentrations were similar between GS, and it

differed between FS in a DIM‐dependent manner (p = 0.02 for the

interaction FS × DIM; Table 2; Figure 2a) as it increased (p < 0.01) in

both FS from −45 to 21 DIM, but then it decreased faster in P30 than

PMAX cows, reaching lower (p < 0.01) concentrations in P30 than in

PMAX at 100 DIM (Figure 2a). Plasma BHB was only affected by DIM

(p < 0.01), increasing from −45 to 21 DIM and decreasing (p < 0.01) at

100 DIM in all cows regardless the GS and FS (Table 2; Figure 2b).

Cholesterol concentrations were higher (p < 0.01) for NZH than

NAH cows on average. Additionally, it differed between FS in a

DIM‐dependent manner (p < 0.01 for the interaction FS ×DIM) as it

increased from 21 to 180 DIM only for PMAX cows, determining

higher (p ≤ 0.03) concentrations for PMAX than P30 at 100 and 180

DIM (Figure 2c).

F IGURE 1 Fat and protein corrected milk yield (a), live weight
(b) and body condition for North American and New Zealand cows
(full black: NAH; empty: NZH) across lactation (days in milk).
Significative differences (p ≤ 0.05) between genetic strains at any
given time are denoted by different letters.
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Plasma glucose was higher (p = 0.01) for NZH than NAH on

average, and it differed between FS in a DIM‐dependent manner

(p = 0.02 for the interaction FS×DIM) as it was higher (p = 0.01) for

PMAX than P30 only during the prepartum. Additionally, plasma

glucose tended to be affected (p = 0.06) by the triple interaction

GS × FS ×DIM as it was similar between NAH‐P30 and NZH‐ P30

along the experiment, but it was higher (p ≤ 0.02 in all cases) for

NZH‐PMAX than NAH‐PMAX except at 21 DIM (Figure 3a).

Moreover, while NZH‐PMAX cows increased (p < 0.01) their plasma

glucose from 21 to 180 DIM, in NAH‐PMAX it decreased constantly

from −45 to 180 DIM (p < 0.01). Plasma insulin tended to be higher

(p = 0.07) for NZH than NAH cows on average, and it differed

between FS in a DIM‐dependent manner (p < 0.01 for the interaction

FS × DIM) as it decreased in both FS from −45 to 21 DIM increasing

then at 100 DIM in all cows but reaching higher (p < 0.01)

concentrations in P30 than in PMAX cows (Table 2; Figure 3b).

The RQUICKI was similar between GS, and it differed between

FS in a DIM‐dependent manner (p < 0.03 for the interaction

FS × DIM) as in P30 it was low from −45 to 21 DIM increasing

(p < 0.01) then until 180 DIM, while in PMAX it decreased (p < 0.01)

from −45 to 100 DIM increasing (p < 0.01) then at 180 DIM (Table 2;

Figure 3c). This determined that RQUICKI was higher (p < 0.01) for

P30 than PMAX only at 100 DIM. The PI index tended to be lower

(p = 0.06) for NZH than NAH cows on average (Table 2) and it

differed between GS in a FS‐dependent manner (p < 0.01 for the

interaction GS × FS) as it was the higher (p < 0.01) for NAH‐PMAX

than NZH‐PMAX with intermediate values for NAH and NZH in

P30 (Table 2). Additionally, the PI differed between FS in a

DIM‐dependent manner (p < 0.01) as it increased (p < 0.01) from

−45 to 21 DIM and decreased (p < 0.01) then after calving in all cows

but it decreased deeper for PMAX cows which reached lower values

than P30 only at 100 DIM (Table 2; Figures 3g, 3h).

TABLE 2 Productive performance and metabolic variables according to genetic strain and feeding strategy interaction

Average mean
P30 PMAX p value
NAH NZH NAH NZH SEM GS FS DIM GS × FS GS ×DIM FS ×DIM

a. Productive perfomance

FPCM (kg/day) 31.6 27.4 33.0 30.4 2.01 0.02 0.12 <0.01 0.59 0.95 0.10

LW (kg) 598 524 589 523 14.5 <0.01 0.63 0.06 0.66 <0.01 0.16

BCS 2.67 2.74 2.62 2.68 0.060 0.09 0.19 <0.01 0.83 0.90 0.16

b. Energy metabolism

NEFA (mmol/L) 0.198 0.226 0.253 0.239 0.0501 0.84 0.29 <0.01 0.52 0.44 0.02

BHB (mmol/L) 0.300 0.277 0.300 0.291 0.0352 0.52 0.78 <0.01 0.76 0.37 0.37

Cholesterol (mmol/L) 2.80 3.42 3.26 4.37 0.280 <0.01 <0.01 0.04 0.21 0.48 <0.01

Glucose (mmol/L) 3.26 3.38 2.99 3.83 0.270 0.01 0.64 0.02 0.07 0.23 0.02

Insulin (µIU/ml) 8.05 8.64 7.01 7.96 0.600 0.07 <0.01 <0.01 0.69 0.19 <0.01

c. Protein metabolism

MUN (mg/100ml) 18.9 20.5 17.2 20.2 0.60 <0.01 0.03 <0.01 0.13 0.04 0.69

PUN (mmol/L) 4.21 5.33 4.45 4.65 0.331 0.01 0.33 0.29 0.06 0.15 <0.01

3MH (mmol/L) 3.92 3.60 4.68 4.04 0.400 0.09 0.03 <0.01 0.56 0.04 <0.01

Total protein (g/L) 63.3 63.4 64.4 63.6 3.61 0.90 0.80 0.18 0.88 0.64 0.58

Albumin (g/L) 26.6 25.2 27.2 26.2 1.21 0.16 0.38 0.42 0.84 0.04 0.49

d. Metabolic indexes

RQUICKI 0.56 0.53 0.54 0.52 0.040 0.20 0.44 <0.01 0.87 0.26 0.03

PI index −0.17a,b 0.17b 0.85c −0.27a 0.292 0.06 0.16 0.02 <0.01 0.20 <0.01

Note: Variables were not affected by the triple interaction between GS, FS and DIM except FPCM (p < 0.01), LW (p < 0.01), glucose (p = 0.06) and insulin
(p = 0.06). Different superscript letters mean significant differences (p < 0.05) among groups according to Tukey test.

Abbreviations: BCS, body condition score; BHB, β‐hidroxybutyrate; DIM, days in milk; FPCM, fat and protein corrected milk; FS, feeding strategy; GS,
genetic strain; LW, live weight; MUN, milk urea nitrogen; NAH, North American Holstein; NEFA, non‐esterified acids; NZH, New Zealand Holstein; P30,
feeding strategy P30; PI index, Physiological imbalance index; calculated as PI = ln[NEFA] + ln[BHB]–[glucose]. Where, NEFA concentration is in
mEq/L,while BHB and glucose concentrations are in mmol/L PMAX, feeding strategy with maximised grazing activity; PUN, plasma urea; 3MH,

3‐methylhistidine; RQUICKI, Revised Quantitative Insulin Sensitivity Check Index, calculated as RQUICKI = 1/(log[glucose]+log[insulin]+log
[NEFA]); Where, glucose concentration is in mg/dl, insulin is in µUI/ml and NEFA is in mmol/L (Holtenius and Holtenius, 2007).
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Concentrations of MUN were higher (p = 0.03) for P30 than

PMAX on average, and it differed between GS in a DIM‐dependent

manner (p = 0.04 for the interaction GS ×DIM) as it was similar

between GS at 21 DIM increasing (p < 0.01) then from 100 to 180

DIM in all cows but being higher for NZH than NAH at 100 and 180

DIM (Figure 4a). Concentrations of PUN were higher (p < 0.01) for

NZH than NAH cows on average. Additionally, PUN differed

between FS in a DIM‐dependent manner (p < 0.01 for the interaction

FS × DIM) as it increased (p < 0.01) from −45 to 100 DIM and

decreased (p < 0.01) then at 180 DIM for P30 cows, while in PMAX it

remained low and unchanged from −45 to 100 DIM and increased

(p < 0.01) then (Figure 4d). This determined that PUN was higher

(p < 0.01) at 100 DIM but lower (p < 0.01) at 180 DIM for P30 than

PMAX cows (Figure 4d). Concentrations of 3‐MH changed across

time being the highest (p < 0.01) at −45 DIM in all cows. Additionally,

it differed between GS in a DIM‐dependent manner (p = 0.04 for the

interaction GS ×DIM) as it was higher (p < 0.01) for NAH than NZH

cows only during the prepartum (−45 DIM; Figure 4e). The 3‐MH also

differed between FS in a DIM‐dependent manner (p < 0.01 for the

interaction FS × DIM) as it was higher (p < 0.01) for PMAX than P30

cows only at 100 DIM (Figure 4f). Plasma total protein concentrations

were not affected by GS, FS and DIM nor their interactions (Table 2).

Albumin differed between GS in a DIM‐dependent manner (p = 0.04

for the interaction GS ×DIM) as it was higher (p = 0.04) for NZH than

NAH cows only at 100 DIM.

3.3 | Oxidative metabolism compounds and
enzymes

Plasmatic TBARS levels tended (p = 0.06) to be affected by the

interaction GS ×DIM as it was higher (p = 0.01) for NZH than NAH

cows during the prepartum (Figure 5a). Plasma protein carbonyls

tended to be higher (p = 0.10) for NZH than NAH cows on average, and

it also tended to differ between FS in a DIM‐dependent manner

(p = 0.09 for the interaction FS ×DIM) as it remained unchanged from

−45 to 180 DIM for P30 while it decreased (p < 0.01) from 21 to 180

DIM in PMAX. This determined higher (p = 0.04) protein carbonyls for

P30 than PMAX only at 180 DIM (Figure 5d). Plasma GPx activity was

not affected by GS, FS DIM nor their interactions (Table 3; Figures 6a,

6b). In contrast, SOD activity was higher (p = 0.01) for PMAX than P30

on average and it also tended to differ between GS in a DIM‐

dependent manner (p = 0.10 for the interaction GS ×DIM) as it

decreased (p = 0.03) from −45 to 21 in NAH cows, while in NZH it

remained unchanged until 21 DIM decreasing (p = 0.01) then from 21

to 180 DIM (Figure 6a). Additionally, SOD activity tended to differ

between FS in a DIM‐dependent manner (p = 0.10 for the interaction

FS ×DIM) as it decreased earlier in lactation for P30 than PMAX cows,

determining lower (p = 0.02) SOD activity for P30 than PMAX at 21

DIM (Figure 6b). Plasma α‐tocopherol tended to differ between GS in a

DIM‐dependent manner (p = 0.10 for the interaction GS×DIM) as its

increased (p = 0.03) from −45 to 100 DIM only in NZH cows

(Figure 6c). In addition, it differed between FS in a DIM‐dependent

manner (p = 0.05 for the interaction FS ×DIM) as it was higher

(p < 0.01) for PMAX than P30 only at 100 and 180 DIM (Figure 6d).

3.4 | Correlation analysis

Correlation analysis showed some moderate correlations between

different parameters, the FPCM yield had a positive correlation with

plasma NEFA and BHB (r ≥ 0.20, p < 0.03) and PI index (r = 0.31,

F IGURE 2 Plasma concentrations of non‐esterified fatty acids (a,
NEFA), β‐hydroxybutyrate (b, BHB) and cholesterol (c) for cows fed
different feeding strategies (FS) (full black: P30; empty: PMAX) across
lactation. Significant differences (p ≤ 0.05) between FS at any given
time are denoted by different letters. BHB, β‐hidroxybutyrate.
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p < 0.01). The plasma concentration 3‐MH had a positive correlation

with BCS (r = 0.41, p < 0.01), and negative with plasma NEFA, BHB

(r = −0.20, p = 0.02 in both cases) and albumin (r = −0.34, p < 0.01).

Plasma cholesterol was negatively correlated with BCS, and positively

with α‐tocopherol (r = 0.36, p < 0.01). Plasma carbonyls, SOD and GPx

were positively correlated between them (r ≥ 0.38, p < 0.01 in all cases).

3.5 | Metabolic trajectory analysis

Metabolic trajectory analysis by PCA showed the more evident

metabolic changes likely occurred between −45 and 21 DIM in all

cows as indicated by the longer distance between their respective

ellipses in the score plot (Figure 7). Specifically, in PMAX, the score

plots revealed some overlap between −45, 21, 100 and 180 data for

NZH cows, while for NAH data regarding −45 and 21 DIM was

clearly separated with data at 100 and 180 being likely closer to 21

than −45 DIM (Figures 7b, 7d).

4 | DISCUSSION

Several studies reported until now have demonstrated a significant

effect of the interaction genotype × environment on productive,

reproductive and metabolic parameters when comparing NAH

versus NZH under different feeding strategies (Chagas et al., 2009;

Lucy et al., 2009; Roche et al., 2006; Stirling et al., 2021).

Physiological studies have addressed differences between these GS

at the level of glucose metabolism and adipose tissue mobilisation

sustained by differences in somatotropic uncoupling and insulin

resistance during the transition (Chagas et al., 2009; Lucy et al.,

2009). As further discussed, in the current work, the results

suggested that also protein and redox metabolism are involved in

metabolic adaptions to lactation differing between NAH and NZH

cows under grazing conditions as NZH cows mobilised lower muscle

protein and likely had more reactive redox responses.

4.1 | Genetic strain

The higher FPCM yield together with the trend for a lower BCS

observed for NAH cows throughout the experiment are in agreement

with the genetic selection focused on individual milk yields applied

during decades on this genetic strain (Brito et al., 2021; Harris &

Kolver, 2001; Horan et al., 2005). The higher milk production in NAH

cows should be sustained by a higher DMI in particular with the

advance of lactation as previously reported (Sheahan et al., 2011). In

fact, data obtained in the same animals at the individual level of the

cow revealed that metabolic energy intake (MEI), expressed as

kJ/LW0.75, was similar between GS at 115 DIM, but it was higher for

NAH than NZH at 192 DIM (Talmón et al., 2020). In addition, feed

intake estimated at the herd level indicated higher DMI for NAH than

F IGURE 3 Plasma concentrations of glucose (a), insulin (b) and metabolic indexes RQUICKI (c) and PI (d). In panel a, glucose concentrations
are presented according to the triple interaction between genetic strain, feeding strategy and days in milk (DIM). For panel b−d, data is presented
according to the interaction between different feeding strategy (full black: P30; empty: PMAX) and DIM. Significative differences (p ≤ 0.05)
between groups at any given time are depicted with different letters.
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NZH cows along the lactation for the current experiment (Stirling

et al., 2021).

In disagreement with previously reported data comparing NAH

versus NZH dairy cows, adipose tissue mobilisation did not seem to

have differed as BCS changes, and plasma concentrations of NEFA

and BHB across time were similar between GS. However, the higher

FPCM yield in NAH cows probably led to a worse metabolic status

compared to NZH cows as denoted by the lower glucose and insulin

observed in the NAH cows (Bjerre‐Harpøth et al., 2012). These

differences were exacerbated in the PMAX, especially for glucose

which was always higher for NZH than NAH except at 21 DIM,

indicating more challenging conditions for the NAH cows as grazing

activity was increased (Billa et al., 2020; Kolver et al., 2000).

Furthermore, according to the PI index, the NAH cows displayed a

higher physiological imbalance compared with NZH cows, suggesting

that NAH cows had a higher risk of metabolic diseases (Moyes et al.,

2013), especially when grazing activity was maximised (PMAX).

Interestingly, plasma cholesterol recovery after calving, which has

been associated with shorter intervals from calving to conception

(Reist et al., 2003), was greater for NZH than NAH cows. In this

sense, for the current experiment on the basis of 2 years data, Stirling

et al. (2021) reported lower services per conception and a higher

pregnancy rate to first service for NZH than NAH cows, especially in

PMAX. Taken together, our results would suggest these GS displayed

different homeorhetic and homoeostatic responses that were more

evident as grazing activity was increased possibly associated with the

reduced capacity of feed intake of NAH versus NZH cows when

grazing is maximised. Interestingly, the energy intake (per unit of

metabolic LW) was higher for NAH versus NZH in mid lactation in a

pasture‐based feeding strategy with supplement, (Talmón et al.,

2020), but lower when these strains were compared under grazing

with no supplementation (Talmón et al., 2020). Indeed, previous

studies demonstrated that in pasture‐based diets with increasing

levels of concentrates, the substitution rate is lower for NAH than

NZH cows meaning that NAH cows have a better ability of get an

improved diet as the diet include lower levels of grazed pastures

(Baudracco et al., 2010).

Interestingly, the elevated concentrations of 3‐MH previous to

calving indicated that all cows were mobilising labile protein at that

time (Houweling et al., 2012) possibly due to a state of amino acids

F IGURE 4 Concentrations of milk urea nitrogen (MUN), plasma urea (PUN) and 3‐methyilhistidine (3MH) for North‐American and New
Zealand (a, c and e, respectively) and different feeding strategies (FS) (b, d and f, respectively) across lactation. Genetic strains (GS) are depicted
by circles (full black: NAH; empty: NZH), and FS by squares (full black: P30; empty: PMAX). Significant differences (p ≤ 0.05) between GS or FS at
any given time are denoted by different letters. NAH, North American Holstein; NZH, New Zealand Holstein.
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deficiency previous to the massive mobilisation of adipose tissue in

early lactation (van der Drift et al., 2012). However, despite all

cows were likely mobilising labile protein at −45 DIM, the higher

concentrations observed in the NAH cows indicated that skeletal

muscle catabolism was probably enhanced in these cows compared

to NZH cows. Considering that all cows were offered aTMR ration ad

libitum during the dry off and prepartum period, enhanced muscle

catabolism in the NAH should not be associated with nutrient

ingestion but with their lower circulating insulin leading to a weaker

inhibition of the proteolysis in the peripheral tissue (van der Drift

et al., 2012). In addition, the higher PUN and MUN observed in the

NZH cows might be indicative of a lower nitrogen use efficiency,

probably due to greater nitrogen absorption as a consequence of

higher DMI per unit of LW when compared to NAH cows (Talmón

et al., 2022). These results may be related to frame differences

(Aikman et al., 2008) as lower nitrogen use efficiency in lower‐sized

cows (Kauffman & St‐Pierre, 2001) have been related to a better

distribution of the ingestion across the day, and differences in

ruminal daily kinetics as a consequence of relative lower mouth and

bite sizes (Aikman et al., 2008). In agreement with our previous

findings of different amino acid plasma profile for the current NAH

versus NZH cows at early lactation (Jorge‐Smeding et al., 2021),

F IGURE 5 Plasma concentrations of thiobarbituric acid reactive species (TBARS) and protein carbonyls for North‐American and New
Zealand cows (a, c) and different feeding strategies (FS) (b, d, respectively) across lactation. Genetic strains (GS) are depicted by circles
(full black: NAH; empty: NZH), and FS by squares (full black: P30; empty: PMAX). Significant differences (p ≤ 0.05) between GS at any given
time are denoted by different letters. NAH, North American Holstein; NZH, New Zealand Holstein.

TABLE 3 Oxidative metabolism variables according to the interaction between genetic strain and feeding strategy

Average mean
P30 Pmax p value
NAH NZH NAH NZH SEM GS FS DIM GS × FS GS ×DIM FS ×DIM

TBARS (mmol MDA/L) 1.02 1.07 1.02 1.08 0.06 0.17 0.87 0.86 0.87 0.06 0.16

Carbonyls (nmol DNPH/mg TP) 0.39 0.42 0.32 0.41 0.15 0.10 0.33 0.20 0.38 0.64 0.09

SOD (mU/mg TP) 48.2 49.9 75.9 71.8 1.2 0.60 0.01 0.04 0.16 0.10 0.10

GPx (mU/mg TP) 2.66 2.36 2.55 2.39 0.28 0.83 0.76 0.27 0.42 0.22 0.83

α‐Tocopherol (μg/ml) 2.24 1.99 2.8 2.88 0.46 0.79 0.03 0.01 0.62 0.10 0.05

Note: Different letters mean significant differences (p ≤ 0.05) according to Tukey test. Variables were not affected by the triple interaction between GS, FS
and DIM (p > 0.10 in all cases)

Abbreviations: α‐ToDIM, days in milk; DNPH, Dinitrophenylhydrazine; FS, feeding strategy; GPx, glutathione peroxidase; GS, genetic strain; MDA,
malondialdehyde; NAH, Northa American Holstein; NZH, New Zealand Holstein; P30, feeding strategy P30; PMAX, feeding strategy with maximised

grazing activity; SOD, superoxide dismutase; TBARS, thiobarbituric acid reactive species; TP, total protein.
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these results indicate that not only glucose and lipid metabolism can

be affected by the Holstein GS, but protein metabolism could also be

comprised within the metabolic adaptations, at least when comparing

NAH versus NZH cows under grazing conditions.

Redox variables responses seemed to suggest that higher

oxidative damage joint with enhanced antioxidant responses could

be related with adaptive differences among different genotypes. In

the present work, higher TBARS concentrations previous to

calving, together with the trend for higher plasma carbonyls

across lactation observed in NZH cows, could suggest a higher

ROS production in these animals and thus a higher oxidative load

in these animals (Ceci et al., 2015; Laubenthal et al., 2017). In this

sense, the higher adiposity of NZH (as revealed by their tendency

for a higher BCS) could be associated with increased lipid oxidative

damage (Laubenthal et al., 2017). However, in the current study

the NZH likely mobilised adipose tissue in a similar rate than their

NAH counterparts while other studies suggested that plasma

TBARS are more related with adipose mobilisation (and so BCS

change) rather than the adiposity level itself (Bernabucci et al.,

2005). On the other hand, higher oxidative damage of lipids and

proteins accounting for increased ROS production could be

hypothetically associated with a higher immune activation in the

NZH cows during transition since ROS are secreted by neutrophils

and phagocytes during the immune response leading to oxidative

stress that can be properly managed by the animal (Celi & Gabai,

2015). In this sense it interesting to note that NZH cows seemed

to have not only greater oxidative damage, but also tended to have

a high SOD activity for longer during lactation, and had a higher

recovery of α‐tocopherol during mid‐lactation than NAH cows.

Although the differences among GS were weak, our results might

suggest that NZH had a higher redox reactivity given by increased

oxidative damage and antioxidant response. Interestingly, previous

studies reported increased GPx and SOD activity in a local‐breed

of cows adapted to mountain grazing compared to non‐adapted

breeds and it was suggested that a more reactive redox

metabolism (higher oxidative damage and antioxidant response)

could constitute a structural mechanism of adaptation in cattle

subjected to challenging conditions (Marco‐Ramell et al., 2012).

However, these results need to be confirmed as the observed

differences between GS were consistent but not strong, possibly

due to the low number of animals. Thus, new studies are

warranted to properly establish if higher redox reactivity is

associated with a differential adaptive capacity among distinct

genotypes (breeds, GS).

4.2 | Feeding strategy

The higher FPCM yield observed in PMAX cows on average during

early lactation, could be associated with the higher consumption of

pasture in detriment of forage reserves and concentrates leading

to a slightly better nutritional value (higher content of metaboli-

sable energy and protein) in PMAX than P30 (Stirling et al., 2021).

However, PMAX cows decreased their milk yield to similar

production levels as P30 cows at mid‐lactation, and this was

associated with higher plasma NEFA, and lower insulin and PUN

concentrations, suggesting a decrease in DMI in the PMAX

relative to P30 cows (Billa et al., 2020; Cavestany et al., 2009).

F IGURE 6 Plasma activity of superoxide dismutase (SOD) and plasma concentration of α‐tocopherol for North‐American and New Zealand
cows (a, c) and different feeding strategies (FS) (b, d) across lactation. Genetic strains (GS) are depicted by circles (full black: NAH; empty: NZH), and
FS by squares (full black: P30; empty: PMAX). Significant differences (p ≤ 0.05) between GS at any given time are denoted by different letters.
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Furthermore, the increase of 3‐MH observed in PMAX cows at this

time would indicate a new stage of labile protein catabolism (van

der Drift et al., 2012). Despite labile protein mobilisation has been

postulated to be circumscribed to the onset of lactation, in grazing

conditions DMI is very constrained in winter due to grass shortfalls

(Fariña & Chilibroste, 2019), and it could determine muscle

mobilisation in mid‐lactation cows triggered by a nutrient deficit.

Interestingly, PMAX cows had a higher recovery of plasma

cholesterol during mid lactation which is likely in agreement with

previous reported data showing increasing plasma cholesterol

when comparing increasing pasture allowance in the diet (Meikle

et al., 2013). However, more studies are needed to properly

address this aspect.

The lower plasma carbonyls at 100 and 180 DIM indicated

that protein oxidation decreased with the advance of lactation for

PMAX cows (Tsiplakou et al., 2017), possibly associated with the

higher activity of SOD after calving in these cows, leading to a

more effective counteraction of pro‐oxidants. In fact, plasma

carbonyls were positively correlated with GPx and SOD activities,

and negatively with the α‐tocopherol concentrations, which

F IGURE 7 Metabolic trajectory for North‐American cows in P30 (a) and PMAX (b), and New Zealand cows in P30 (c) and PMAX (d) according
to score plots of principal component analysis. The ellipses indicate 95% confidence. [Color figure can be viewed at wileyonlinelibrary.com]
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pointed out that higher oxidative load was associated with

enhanced antioxidant response (Pedernera et al., 2010). It has

been widely suggested that increased GPx activity after calving

would be the result of an activated state of gene expression given

by the increased oxidative load (Gessner et al., 2013). Moreover,

the higher recovery of α‐tocopherol in PMAX cows at mid‐

lactation could be a consequence of lower oxidative damage at this

time and, thus, reduced waste of exogenous antioxidants due to

higher antioxidant response during early lactation (higher SOD

activity) compared with P30. However, higher α‐tocopherol

recovery could be also related to a higher intake of α‐tocopherol

as pasture intake was higher for PMAX than P30 cows in mid‐to‐

late‐lactation (Kay et al., 2005).

4.3 | Integrated metabolic trajectories

The PCA score plots reflected the great metabolic load associated with

the onset of lactation as the greatest displacement were observed

between −45 and 21 DIM as denoted in the score plot by the longer

distances between −45 and 21 DIM ellipses, compared to 100 and 180

DIM. Regarding the interaction between the GS and FS, it is worth to

note that in PMAX the NAH cows during lactation seemed to had a

slower progression toward their initial state at −45 DIM compared with

NZH cows which showed some overlap across time, even between −45

and 21 DIM ellipses. This could suggest that NAH cows had a weaker

ability of metabolically recover after calving which could be associated

with a lower metabolic resilience (Friggens et al., 2017). Interestingly,

despite the results obtained through PCA are semiquantitative, they

seem to agree with preliminary results of a quantitative analysis of the

metabolic trajectories of the current cows also pointing out a higher

metabolic perturbation after calving for the NAH than NZH, in

particular when compared in PMAX (Jorge‐Smeding, Carriquiry, Naya,

et al., 2021). Despite the semiquantitative character of the PCA, our

results suggest this analysis could be an easy to use and interpret tool

for integrating metabolic variables in addition to classical analysis of

variance applied separately to each variable.

5 | CONCLUSIONS

When compared to NAH, the NZH cows developed better metabolic

responses to cope with grazing conditions as suggested by their better

energy status (glucose, insulin and cholesterol) and lower risk of

developing metabolic disorder as suggested by their lower PI, especially

when compared in PMAX. Furthermore, metabolic adaptive differences

between NAH and NZH grazing cows seemed to comprise not only

energy but also lower muscle catabolism and higher redox sensibility in

the NZH cows. Despite it was assessed by a semiquantitative approach,

our results suggest that NZH had a higher metabolic recovery after

calving when compared with NAH, particularly when grazing activity

was maximised (PMAX). Regarding the FS, the higher inclusion of

grazed pastures in the diet led to similar milk yield but it likely

determined a worse energy status and increased muscle catabolism in

mid‐lactation during winter. Also, maximising grazing likely improved

the redox metabolism leading to lower oxidative damage of proteins

and enhanced antioxidant status. More studies are warranted in order

to better establish the role of protein and redox metabolism in

relationship with the metabolic adaptive capacity of cows to pasture‐

based dairy system.
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