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ARTICLE INFO ABSTRACT

Keywords: This study investigated behavioral and systemic differences in second-lactation Holstein cows with known sus-
Lying behavior ceptibility to subacute ruminal acidosis (SARA) when transitioned from a low to high-grain diet. Eighteen cows
Rumination (9 SARA-susceptible, 9 SARA-resistant; 646 + 59 kg body weight) were used in a longitudinal experimental
E:i?a:i(;r;mg design, with two experimental runs. In each run, the cows were first fed a 40 % concentrate diet for 2 weeks

followed by a 65 % concentrate diet for 4 weeks. Behavioral parameters (chewing, lying, eating, ruminating, feed
sorting), salivary characteristics, milk production, and blood metabolites were evaluated. SARA-resistant cows
exhibited greater rumination activity (rumination time, chews per bolus, chews per minute; P < 0.05), higher
body weight (P = 0.04), and elevated serum total protein (P = 0.01), despite no differences in ruminal pH
indices. The dietary shift to high-grain significantly affected most behavioral, production, and physiological
parameters (P < 0.01), including increased sorting for physically effective fiber (peNDF), eating rate, meal
frequency, milk yield, milk protein, blood glucose, and salivary osmolality, alongside reductions in rumination
time, eating duration, milk fat, and blood lipid metabolites. Significant SARA type x diet interactions were
observed in rumination indices, eating behavior (visit size, number of meals), blood glucose, and non-esterified
fatty acids concentrations, with SARA-resistant cows showing improved metabolic adaptation during the high-
grain phase. In conclusion, cows previously identified as SARA-resistant demonstrated enhanced behavioral
and metabolic resilience to high-grain diets, suggesting that prior SARA status may influence adaptation stra-
tegies during dietary transitions. Additional research is suggested to evaluate prolonged impact of high-grain
diets on behavioral and production parameters across different SARA phenotypes.

Eating behavior
Blood variables

1. Introduction milk fat content due to altered rumen fermentation profiles (lower ac-

etate and higher propionate) that disrupts milk fat synthesis (Kleen

Chewing behavior is physiologically essential for ruminants, as it
helps feed degradation and stimulates saliva production, which buffers
rumen acidity. Dairy cows typically spend up to 16 h per day chewing,
mostly ruminating (Beauchemin, 2018). However, this behavior
strongly depends on diet composition. Accordingly, lowering the
forage-to-grain ratio reduces chewing time due to decreased physically
effective fiber (peNDF) intake, which diminishes saliva secretion and
rumen buffering capacity (Ngrgaard et al., 2010; Zebeli et al., 2012).
Indeed, the feeding of such diets increases the risk of subacute rumen
acidosis (SARA; Plaizier et al., 2008). The SARA is a metabolic disorder
of dairy cattle, and cows suffering from SARA consistently have reduced

et al., 2003; Plaizier et al., 2008). Beyond production losses, SARA el-
evates the risk for lameness, hoof lesions, displaced abomasum, systemic
inflammation, and liver abscesses, thus impairing cow’s health and
welfare (Garrett et al., 1999; Krause and Oetzel, 2006; Enemark, 2008;
Kofler et al., 2023). Hence, chewing behavior serves as a direct indicator
of dietary fiber adequacy and overall cattle welfare (Zebeli et al., 2012).

While there is substantial data linking chewing behavior with SARA,
the relationships between SARA and lying behavior remains unexplored,
especially alongside chewing activity. It is known that cows prefer to
ruminate while lying down, often on their left side to stabilize the
rumen, making lying behavior an important welfare criterion (Albright,
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1993; Acatincai et al., 2009; Tucker et al., 2019). Discomfort from SARA
may alter these behaviors. Exploring the connection between chewing
and lying behavior can enhance understanding of cow welfare and
behavioral adaptations under dietary stress such as high-grain feeding
and SARA. In addition, SARA is also known to affect feed sorting,
potentially as a cow’s strategy to mitigate rumen disturbances caused by
grain-rich diets, leading to altered nutrient intake profiles (Coon et al.,
2019; Castillo-Lopez et al., 2021a; Rivera-Chacon et al., 2022b).

Recently, research has revealed that despite uniform feeding and
management cows differ in their susceptibility to SARA (Gao and Oba,
2014; Nasrollahi et al., 2017; Hartinger et al., 2024). Variability in
chewing, eating, rumination, feed sorting may explain part of these
differences. For example, although ruminal pH drop primarily depends
on the peNDF and starch content of the diet (Zebeli et al., 2012), eating
behavior (i.e., frequency and size of meals) can directly affect the
magnitude of pH fluctuations during the day (Macmillan et al., 2017),
and hence can modulate SARA severity. Besides, it is known that pri-
miparous cows face a higher SARA risk, especially in early lactation,
compared to multiparous cows, which are better adapted to high-grain
diets (Krause and Oetzel, 2005; 2006; Stauder et al., 2020). Thus,
behavioral and physiological responses are relevant to SARA suscepti-
bility, likely differing between first and second lactations. However,
behavioral and physiological aspects of the persistence of SARA sus-
ceptibility across lactations have not yet been evaluated.

The main objective of this study was to evaluate whether cows
differing in susceptibility to SARA show distinct responses in chewing,
lying, feed sorting and eating behavior, and if this is also reflected in
changes in rumen, systemic and milk parameters, when transitioned
from low to high-grain diets in their second lactation. We hypothesized
that SARA susceptibility will persist through the second lactation, with
marked differences in chewing, lying, feed sorting, eating behavior,
which will be reflected in rumen and systemic parameters related to
cow’s health and production performance. We further hypothesized that
this effect would be greater during the high-grain feeding period.

2. Material & methodology

All procedures including animal handling and treatments were
approved by the Institutional Ethics and Animal Welfare Committee of
the University of Veterinary Medicine, Vienna, and national authority
according to § 26 of the Law for Animal Experiments, Tierversuchsgesetz
2012-TVG (Protocol # 2022-0.276.659).

2.1. Housing, animals, and experimental design

The experiment was carried out at the research dairy farm Kremes-
berg of Vetmeduni, Vienna (Pottenstein, Lower Austria). In total, 18
Holstein cows in their second lactation (646 + 59 kg, of average body
weight, 87 + 57 DIM), were used in a longitudinal experimental design.
These 18 cows were selected based on the severity of SARA observed
during their first lactation (Hartinger et al., 2024). In the latter report,
the cows showed different severity to SARA when monitored via wire-
less sensors for 13 weeks, despite consuming a diet with the same
ingredient and chemical composition. Among those cows, 18 were
selected to be used in the present trial. All the cows were housed
together all the time. Their health was monitored regularly by profes-
sional veterinarian and their milk data was recorded daily during
morning and evening milking, by an electronic recorder (deLaval Corp.,
Eugendorf, Austria). Selected cows were identified and classified into 1
of 2 categories; 1) 9 cows experiencing high SARA severity (45 % of the
ruminal pH < SARA threshold (pH < 5.8 for more than 330 min/day
(Zebeli et al., 2008)), on average; which we nominated
SARA-susceptible cows and 2) 9 cows that experienced low SARA
severity (8 % of the ruminal pH < SARA threshold (pH < 5.8 for more
than 330 min/day (Zebeli et al., 2008)), on average; which we nomi-
nated SARA-resistant cows. Within each SARA category, there were 6
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cows with rumen cannula, to facilitate evaluation of rumen physiology.
The cows were used in a longitudinal experimental design, in 2 exper-
imental runs, each lasting 42 days and separated by 21-days washout
period. Before the start of experiment, cows were housed in the exper-
imental area for 7 days, for adaptation to feed bins. The first week (week
0) was used as a baseline period, and the sampling started from week 1
(supplementary figure 1). The cows were first fed a 40 % concentrate
diet (low-grain diet, dry matter (DM) basis) for first 3 weeks; then with
65 % concentrate diet (high-grain diet, DM basis) for 4 weeks. This
concentrate mixture contained highly degradable grains such as
wheat/triticale, corn grain, and formulated to meet cow’s requirements
for energy and all nutrients. Diets were formulated according to in-
structions of (GfE, 2001) (Supplementary Table 1). This concentrate was
prepared by a feed company (Konigshofer, Lower Austria, Austria).

The cows were kept in a free-stall barn equipped with 15 deep litter
cubicles (2.6 x 1.25 m, straw litter) and a deep-bedded pack area
(15.7 x 8 m). The cows had ad libitum access to water and a salt block
during the complete experiment (except sampling time). The feed bins
were randomly allocated to the cows, before the start of the experiment,
so that each cow had access to only one feed bin throughout the
experiment. Each cow was trained to access the allocated feed bin, by
using an ear tag transponder. Each feed bin was equipped with elec-
tronic scale (Insentec, B.V. Marknesse, Netherlands), validated by Cha-
pinal et al. (2007); thus individual feed intake was recorded throughout
the experiment. This feeding technique allowed data collection related
to eating behavior and feed sorting behavior of each cow. There was no
competition for feed bunk, as each cow had her own feed bin with ad
libitum access. Each cow was used as an experimental unit. The feed was
prepared daily in the morning, using an automated feeding system
(Trioliet Triomatic T15, Oldenzaal, the Netherlands) and was offered to
the cows in their individuals feeding bins, and refilled again in the af-
ternoon. Because of low moisture content in the feed ingredients used,
calculated amount of water was added to the diet during mixing, tar-
geting DM content of total mixed ration (TMR) approximately 45 %. DM
content of silages and TMR were determined weekly by drying samples
at 103°C for 24 h, to ensure appropriate inclusion of water in the diet, to
fulfill the desired DM content.

2.2. Feed sampling for analysis of chemical composition

Fresh feed samples were collected in week 1 and week 4 of each run.
Forages and TMR were immediately stored at —20°C, while concentrate
ingredients were stored at room temperature for later analysis. All
nutrient analysis of feed samples were evaluated in duplicate according
to the German Handbook of Agricultural Experimental and Analytical
Methods (VDLUFA, 2012). The DM of wet feed samples was measured by
forced-air drying at 65 °C for 48 h. Then the samples were ground
through 0.5 mm sieve for proximate nutrient analysis (Ultra Centrifugal
Mill ZM 200, Retsch, Haan, Germany). The residual water was subse-
quently analyzed by oven drying at 103 °C for 4 h (method 3.1). Ash was
measured by combustion in a muffle furnace overnight at 580 °C
(method 8.1). Crude protein (CP) was estimated with Kjeldhal method
and ether extract (EE) using the Soxhlet extraction system (Extraction
System B-811, Biichi, Flawil, Switzerland). Similarly, for neutral deter-
gent fiber (NDF) and acid detergent fiber (ADF) concentrations
(methods 6.5.1 and 6.5.2, respectively) were estimated with sodium
sulfite and reported exclusive residual ash following the official
analytical methods using the Fiber Therm FT 12 (Gerhardt GmbH Co.
KG, Konigswinter, Germany) with heat stable a-amylase for NDF anal-
ysis. Non-Fiber carbohydrates content was calculated as 100 — (% CP +
% NDF + % EE +% ash).

2.3. Evaluation of chewing behavior

Chewing behavior (rumination and eating pattern) and drinking
time was monitored in all cows in week O (baseline week), week 1, week
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4 and week 6, using noseband sensor halters (RumiWatch System, ITIN
+ HOCH GmbH, Fiitterungstechnik, Liestel, Switzerland) validated by
Kroger et al. (2016). Briefly, halters were placed on the cows for adap-
tation, approximately 12 h before the start of data collection and
remained for 3 full consecutive days in each week. At the end of each
measurement period, the recorded raw data was transferred through the
interface software Rumiwatch Manager (version 2.2.0.0; ITIN + HOCH
GmbH, Switzerland) and was processed using the evaluation software
Rumiwatch converter (version 0.7.3.2). Chewing activity included
rumination time (min/day), eating time (min/day), total chewing time
(min/day), rumination bolus (n/day), rumination chews (n/day),
rumination chews per minute, and rumination chews per bolus. More-
over, using the dry matter intake (DMI) data, chewing index (min/kg
DMI) rumination time per kg DMI and eating time per kg DMI was also
calculated.

2.4. Evaluation of lying behavior

Lying behavior was monitored in all cows in week 0 (baseline week),
week 1, week 4 and week 6, using data loggers (HOBO Pendant G Ac-
celeration Data Logger, Onset Computer Corp., Bourne, MA). These
measurements were taken in the same 3 days used for measurements of
chewing activity. Loggers were attached to medial side of right hindleg
of the cow using a self-adherent bandage (UKAL cohesive flexible
bandage, France). Prior to the attachment, each logger was fixed to a
silicon mat to avoid chafing. The recording interval was set at 30 s. After
3 days of data collection, the loggers were removed, and raw data were
downloaded using the software HOBOware PRO. Lying data was pro-
cessed using the Ledgerwood’s algorithms for lying/standing bouts and
laterality (Ledgerwood et al., 2010). Lying behavior variables were
calculated on daily basis and included: standing time (h/day), total lying
time (h/day), lying time on right side (h/day), lying bouts on right side
(n/day), lying time on left side (h/day), lying bouts on left side (n/day),
total lying bouts (n/day), average bout time lying on right side (h/day),
average bout time lying on left side (h/day).

Moreover, data of chewing and lying behavior were combined. To
perform these calculations, both parameters were matched in 10-minute
intervals. This enabled the calculation of rumination time while stand-
ing or lying according to Rivera-Chacon et al. (2022b). For these cal-
culations, we considered a minimum time of 9.5 min to assume that the
cows were lying for complete 10-minute interval. Rumination time data
included rumination standing time (min/day), rumination lying total
time (min/day), rumination lying on left (min/day), rumination lying on
right (min/day).

2.5. Evaluation of eating behavior

Eating behavior was recorded for each cow on weekly basis. Eating
behavior included valid visits (n/day), visit duration (min/visit), visit
size (kg DMI/visit), meals (n/day), meal duration (min/meal), meal size
(kg DMI/meal), and eating rate (g DM/minute). A valid visit was defined
when a cow stayed at a feed bin for minimum 4.5 min and consumed at
least 200 g of dry matter. In addition, if the time interval between two
consecutive visits was less than 29.5 min, these visits were considered a
part of a single meal. This time interval was measured based on the
methods described by Tolkamp et al. (1998) and DeVries et al. (2003).
Eating rate was calculated as per protocol of Beauchemin et al. (2008).

2.6. Evaluation of feed sorting behavior and particle size distribution

Feed sorting was assessed in week 2 and week 4, using an approach
similar to Haselmann et al. (2019). Feed sorting of each cow was
expressed through change in particle size distribution (as-is basis) of the
provided TMR in relation to the refusals. Feed selection of each particle
size was calculated as the percentage of the actual intake (as-fed) from
the particle intake (as-fed) expressed by the selection index, according to
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Leonardi and Armentano (2003). The predicted intake of a specific
particle fraction was calculated as the product of as-fed intake and as-fed
proportion of this specific fraction in this TMR offered. A subsample of
the diet and refusal was collected and frozen at —20°C for chemical
composition. Sorting of peNDF was also evaluated. To do so, the NDF
content of the diets and feed refusals were taken into account to estimate
the sorting index.

Particle size distribution of the TMR was determined by using the
method described by Kononoff et al. (2003), using a modified Penn State
Particle Separator equipped with 3 screens (19.0, 8.0 and 1.18 mm) and
a pan. Physically effective fiber (peNDF) and physically effectiveness
factor (pef) were calculated as described by Beauchemin and Yang
(2005). Shortly, the peNDF content of the diet was calculated by
multiplying the NDF content of the diet by its pef. The pef (ranging from
0 to 1) was calculated as sum of the proportions of particles retained on
the corresponding sieves (19.0 and 8.0 mm sieves for pef > 8 mm; and
19.0, 8.0 and 1.8 mm sieves for pef > 1.18 mm).

2.7. Measurement of body weight and body condition scoring

Body weight (BW) and body condition scoring (BCS) was measured
in all cows in week 0 (baseline week), first day of week 3 and last day of
week 6.

Body weight in all cows was measured by using an electronic digital
scale, when cows were coming back from milking parlor, after morning
milking and before the morning feeding. Measurements taken on first
day of week 3 were considered as low-grain period measurements as it
was end of low-grain diet period and start of high-grain diet period and
the measurements taken at last day of week 6 as high-grain period
measurements.

The BCS (using scale from 1 to 5) was always measured by the single
individual, and a scoring method similar to Wildman et al. (1982) was
used but reported to the quarter point.

2.8. Evaluation of milk composition and production

Lactation performance was evaluated in all cows throughout the
experiment. Cows were milked twice a day at 0500 h and 1600 h in a
4 x 4 tandem milking parlor (DeLaval GmbH, Eugendorf, Austria). Milk
yield was recorded by an electronic recorder (DeLaval Corp., Tumba,
Sweden) daily, during the entire period of the trial. Milk samples were
collected from morning and evening milking by in-line samplers in every
week, to measure milk composition and then stored in a 50 ml tubes.
Approximately 10-15 ml of the morning milk samples were stored with
a conservation liquid (Eco Bronysolv GK 145, ANA.LLTIK. Vienna,
Austria) and refrigerated at 4 °C until evening milking. The milk samples
collected in the evening were added in approximately equal amounts to
those of the morning, uniformly mixed, and stored at 4 °C until analyzed
for fat, protein, lactose, milk urea nitrogen (MUN), somatic cell count
(SCC) and pH with infrared spectrophotometry (CombiFoss TM7, Foss,
Hillerod, Denmark). The energy corrected milk (ECM) was calculated as:
ECM = [(12.86 x kg of fat) + (7.04 x kg of protein) + (0.3246 x kg of
milk)] (Maltz et al., 2013) and 4 % fat corrected milk (4 % FCM) was
calculated as: 4 % FCM = 0.4 x kg of milk + 15 x kg fat (Hall, 2023).

2.9. Sampling of blood for metabolic profile

Blood was collected from jugular vein of all cows once a week, before
the morning feeding. Blood samples were collected using serum and
sodium fluoride (NaF) vacutainers, (approximately 8 ml of blood sample
per tube), and analysis was performed similar to Stauder et al. (2020).
Serum tubes and NaF coated tubes were kept for 1.5 h at room tem-
perature and ice respectively, for clotting. After 1.5 h, tubes were
centrifuged at 2000 x g at 4 °C for 15 min (Centrifuge 5804 R, Eppen-
dorf) to obtain the serum, which were pipetted out into 2 ml eppendorf
tubes, and immediately stored at —80°C, until further analysis. Blood
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parameters, including total protein, albumin, bilirubin, cholesterol,
non-esterified fatty acids (NEFA), triglycerides, beta hydroxybutyrate
(BHBA), urea and glucose were measured using a conventional
large-scale analyzer for clinical chemistry at the laboratory of the Cen-
tral Clinical Pathology Unit, University of Veterinary Medicine, Vienna,
using the standard enzymatic colorimetric analyses for clinical chemis-
try (Cobas 6000/c504; Roche Diagnostics GmbH, Vienna, Austria).
Briefly, kits from Roche Diagnostics (Basel, Switzerland) were used to
measure blood components; namely glucose (kit glucose HK,
20767131322), total proteins (kit total protein Gen.2, 03183734190),
albumin (kit albumin Gen.2, 03183688122), triglycerides (kit tri-
glycerides, 20767107322), Non esterified fatty acids (kit NEFA,
WA434-91795 +  WA436-91995), Betahydroxybutyrate  (kit
D-3-Hydroxybutyrate, RB 1007) and cholesterol (kit cholesterol Gen.2,
03039773190). The intra-assay co-efficient of variation was < 5 % for
all blood variables.

2.10. Recording of ruminal pH

During the first run of the experiment, ruminal pH of cannulated
cows was recorded using the eCow ruminal pH indwelling sensors (eCow
Devon Ltd, United Kingdom) according to manufacturer’s instructions
(Neubauer et al., 2018), and following the procedures of Castillo-Lopez
et al. (2021b) with minor changes for improvement and accuracy of
measurements. Briefly, pH systems were first activated by putting in
water at 35 °C for 15 min. Data collection, communication with the
stationary module and download function were verified, prior to
insertion of sensors into ventral sac of rumen. The pH systems were
calibrated weekly, in buffers with 4.0 and 7.0, for almost 60 min, also
data was downloaded on weekly basis. This procedure was performed
while placing the sensors in water at 35 °C.

However, due to high failure rate of the eCow pH systems, we
changed to the SmaXtec pH sensor system (SmaXtec, GmbH, Graz,
Austria) in the second experimental period. The pH measurements were
conducted according to Klevenhusen et al. (2014). Briefly, the sensors
were calibrated by a calibration buffer of 7.0, following the company’s
instruction protocols and then, sensors were manually inserted into the
ventral sac of the rumen via the ruminal cannula, in cannulated cows.
The sensors were inserted into rumen using nasogastric tube, in
non-cannulated cows. The data collected from pH sensors was summa-
rized by calculating maximum, mean, minimum pH, the difference be-
tween maximum and minimum pH, the period of time pH below 6.0 and
5.8, as well as area under the pH curve pH < 6.0 and 5.8. In addition,
acidosis index during the sampling period was calculated by two
methods; firstly by calculating the time that ruminal pH was below 5.8
per kg DMI, and then by calculating the area under the curve where pH
< 5.8 per kg of DMI (Gao and Oba, 2014).

2.11. Collection of saliva samples and analysis of salivary composition

Saliva samples were collected in all cows in week 2, week 3 and week
6, to evaluate salivary physico-chemicals characteristics as described in
Castillo-Lopez et al. (2021a).

2.12. Statistical analysis

The number of replicates per treatment was set after a priori power
analysis performed using Proc POWER (Two-Sample t Test for Mean
Difference with Unequal Variances) of SAS. Data of a similar study by
Castillo-Lopez et al. (2023b) were used to establish minimal detectable
difference and the variation for this power analysis, using chewing
behaviour as a response variable. By doing so, a minimal detectable
difference of 3.0 between the groups was assumed, whereas the inter-
group standard deviations were set between 1.0 and 1.8. The power
analysis with a 0.05 two-sided significant level suggested that a group
size of 9 animals would have < 85 % (1 — § = 86.8 %) power to detect an
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intergroup difference (exact alpha = 0.0453). Based on these recom-
mendations of the power analysis, we selected 9 animals in each SARA
group for this experiment.

Data were checked for influential outliers using the Cook’s distance
in SAS. The data for every variable were tested for normal distribution
using the Shapiro-Wilk test with Proc Univariate of SAS. When
normality was not met, data was transformed (i.e. log or square root
transformation) following evaluation with the boxcox statement in the
Transreg procedure of SAS, which determines the transformation mode.
Then, data was subjected to analysis of variance using Proc Mixed of SAS
considering the following fixed and random effects. The following sta-
tistical mixed model was used:

Yjiam = K + Xj + di + 81 + am(s) + L + €jrams

Yjkim = response variable,

u = overall mean,

X; = covariate assumed to be measured without error,

di = fixed effect of the diet k

s = fixed effect of the SARA-type susceptibility

am(s)= random effect of the cow m within run,

Iy = interaction between diet and SARA-type susceptibility.

ejxim= residual error.

Thus, the measurements taken before the initiation of each period
(adaptation week) were used as covariates. Measurements taken on
different days and runs on same animal were considered as repeated
measures using respective repeated statements (AR(1), CS) in the
ANOVA. The variance-covariance structure was included to take into
account that covariance among adjacent time points decays with time.
Data are reported as LSMEANS, and the transformed data were trans-
formed back after the ANOVA. The PDIFF option in SAS was used to
perform multiple comparisons of the LSMEANS and p-values were cor-
rected using TUKEY. The largest standard error of the means (SEM) of
the data before transformation was reported. Statistical significance was
declared at P < 0.05 and had a tendency at 0.05 < P < 0.10.

3. Results
3.1. Chewing behavior

The analysis indicated that SARA-type affected rumination time
(P < 0.01), rumination chews (P < 0.01), and rumination chews per
minute (P < 0.01), and tended to decrease rumination chews per bolus
(P = 0.06) being higher in SARA-resistant cows compared to SARA-
susceptible cows (Table 1).

As far as effect of diet is concerned, rumination time (P < 0.01),
eating time (P < 0.01), total chewing time (P < 0.01), rumination bolus
(P < 0.01), rumination chews (P < 0.01), rumination chews per minute
(P < 0.01), ruminate chews per bolus (P < 0.01), chewing index
(P < 0.01), ruminate time per kg of DMI (P < 0.01), were lower in the
cows during the high-grain period.

The interaction between SARA-type and diet was observed in the
number of rumination chews per bolus (P < 0.01; Fig. 1A) and rumi-
nation time per kg of DMI (P < 0.01; Fig. 1B). Accordingly, the decrease
of the number of rumination chews per bolus and rumination time per kg
DMI during the high-grain diet were less in SARA-resistant than in
SARA-susceptible cows.

3.2. Eating behavior

SARA-type did not show any effect (P > 0.05) on eating behavior
throughout the experiment, but there was an effect of diet (Table 1).
Total number of valid visits per day (P < 0.01), visit duration
(P < 0.01), meal duration (P < 0.01) and meal size (P < 0.01) were
lower in all the cows during high-grain diet period. While visit size
(P < 0.01), number of meals per day (P < 0.01) and eating rate
(P < 0.01) were higher in all the cows, during high-grain diet period.
The interaction between SARA-type and diet was found in visit size
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Table 1
Chewing behavior and eating behavior in mid-lactating Holstein cows differing in subacute rumen acidosis susceptibility in their first lactation fed with low-grain and
high-grain diets during the second lactation.

SARA-Susceptible SARA-Resistant SEM P-values
Parameter Low-grain High-grain Low-grain High-grain SARA-type Diet SARA*Diet interaction
Rumination time, min/day 595 506 611 553 14.4 0.04 < 0.01 0.11
Eating time, min/day 204 164 184 146 19.2 0.27 < 0.01 0.91
Total chewing time, min/day 825 665 825 709 22.3 0.38 < 0.01 0.11
Rumination bolus, #/day 616 521 616 560 15.5 0.19 < 0.01 0.07
Rumination chews, #/day 38087 30767 40014 34884 1088 0.01 < 0.01 0.13
Rumination chews per minute 70.8 68.2 72.2 69.5 0.58 0.03 < 0.01 0.92
Rumination chews per bolus 61.6" 57.6%° 62.30% 60.8"° 1.28 0.06 <0.01 0.01
Chewing index, min/kg DMI 37.9 29.0 36.8 30.7 1.45 0.66 < 0.01 0.10
Rumination time, min/kg DMI 28.144 22.05° 28.244 24.34P 0.70 0.13 <0.01 0.03
Eating time, min/kg DMI 8.33 8.62 8.01 7.84 1.18 0.44 0.93 0.72
Drinking time, min/day 5.06 8.39 6.32 7.44 0.14 0.72 < 0.01 0.11
Valid visit, #/day 15.8 13.1 14.9 13.1 0.44 0.33 < 0.01 0.15
Visit duration, min 14.3 12.4 15.5 13.4 0.04 0.13 < 0.01 0.97
Visit size, kg DMI 1.33° 1.68% 1.44° 1.67% 0.07 0.59 < 0.01 0.04
Meals, n/day 7.11* 7.15% 6.87° 7.37% 0.23 0.99 < 0.01 0.02
Meal duration, min 31.1 22.6 33.5 23.7 1.59 0.14 < 0.01 0.56
Meal size, kg DMI 3.09 3.05 2.98 2.97 0.04 0.53 < 0.01 0.81
Eating rate, g DM/mint 88 129 89 126 3.22 0.72 < 0.01 0.34

Superscripts a,b show differences in between diets of same SARA types
Superscripts A,B show differences in between SARA types of same diets
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Fig. 1. Interaction effect of Diet* SARA severity in mid-lactating Holstein cows, differing in Subacute rumen acidosis severity in their first lactation fed with low-
grain and high-grain diets during their second lactation, on (A) Rumination chews per bolus and (B) Rumination time per KGDMI.

(P = 0.04) and meals per day (P = 0.02), so that visit size was higher in 3.3. Lying behavior
SARA-resistant cows during low-grain only. On the other hand, the meal

number per day was lower in SARA-resistant cows during low-grain but All variables of lying behavior (Table 2) were not affected by SARA-
increased during high-grain. type (P > 0.05). Diet had effect on some of variables. For example, total
Table 2

Lying behavior and rumination time in mid-lactating Holstein cows differing in subacute rumen acidosis susceptibility in their first lactation fed with low-grain and
high-grain diets during the second lactation.

SARA-Susceptible SARA-Resistant SEM P-values
Parameters Low-grain High-grain Low-grain High-grain SARA-type Diet SARA*Diet Interaction
Standing time, h/d 12.5 12.6 12.5 12.7 0.28 0.81 0.54 0.89
Lying time on right, h/d 1.09 0.97 0.70 0.94 0.24 0.37 0.64 0.21
Lying bouts, right side, #/d 5.56 4.66 3.47 4.77 0.97 0.41 0.64 0.06
Lying time on left side, h/d 10.4 10.2 10.7 10.2 0.36 0.62 0.19 0.55
Lying bouts, left side, #/d 13.8 15.1 13.3 16.3 0.83 0.63 < 0.01 0.15
Total lying bouts, #/d 19.6 20.9 17.3 21.5 1.62 0.64 <0.01 0.13
Average bout time lying on right, h/d 0.17 0.18 0.16 0.17 0.03 0.75 0.62 0.96
Average bout time lying on left, h/d 0.73 0.69 0.81 0.64 0.05 0.79 < 0.01 0.08
Total lying time, h/d 11.5 11.4 11.5 11.3 0.25 0.92 0.26 1.00
Ruminate standing time, min/day 167 172 169 172 14.2 0.93 0.62 0.89
Ruminate lying time, min/day 405 323 408 328 13.6 0.73 < 0.01 0.91
Ruminate lying right, min/day 19.5 22.5 19.4 24.8 14.7 0.83 0.19 0.75
Ruminate lying left, min/day 372 300 368 299 15.0 0.86 <0.01 0.91
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number of lying bouts were higher in the cows during high-grain period.
Similarly, the number of lying bouts on left side were also higher during
high-grain period. However, the average bout time lying on left side
(hours/d) was lower during this feeding period. As far as interaction
between SARA-type and diet is concerned, all the variables of lying
behavior were not affected.

There was an effect of diet on rumination lying total time (P < 0.01)
and rumination time lying left (P < 0.01). The rumination time total
time while lying was 19.9 % lower in high-grain period. Similarly,
ruminating time while lying on left side was 19.2 % lower during high-
grain period.

3.4. Feed sorting behavior

The SARA-type and SARA x diet interaction did not affect the feed
particle sorting behavior of the cows (P > 0.05), and selection index of
peNDF (P > 0.05) (Table 3). However, diet affected selection index for
long particles (P < 0.01) and for peNDF (P < 0.01), being higher in
high-grain period as compared to low-grain period.

3.5. Dry matter intake, BW, BCS, and milk variables

Data of DMI, BW, BCS and milk production are shown in Table 4.
Data showed no effect of SARA-type (P =0.66) and SARA x diet
interaction (P = 0.91) on DMI. However, diet affected DMI (P < 0.01) as
cows ate on average 1.4 kg more DM during high-grain period, as
compared to low-grain period (Table 4). On the other hand, the SARA-
type affected BW (P = 0.04), whereby the SARA-resistant cows had
higher BW as compared to SARA-susceptible cows. Similarly, there was a
SARA x diet interaction (P < 0.05) on BW, so that the SARA-resistant
cows gained more BW only during the high-grain period. No effect of
SARA-type and SARA x diet interaction was observed on BCS (P > 0.05).
Diet showed effect on BW (P < 0.05) and BCS (P = 0.05). The cows had
higher BW and BCS during high-grain period as compared to low-grain
period.

We did not observe any effect (P > 0.05) of SARA-type on all vari-
ables of milk production (Table 4). Diet affected most of the variables
such as milk yield (P < 0.01), ECM (P = 0.01), milk protein concen-
tration (P < 0.01), milk urea nitrogen (P = 0.01), somatic cell count
(P < 0.01) and fat free dry matter (P < 0.01), which were all higher
during the high-grain period, while milk fat concentration (P < 0.01),
milk fat to protein ratio (P < 0.01), and milk pH (P = 0.01) decreased
during the high-grain period.

3.6. Blood parameters
SARA-type did not affect blood parameters (P > 0.05) except of total
protein (P = 0.01) and a tendency for albumin (P = 0.06), being higher

in SARA-resistant cows compared to SARA-susceptible cows (Table 5).
There was no interaction between SARA-type and diet on the blood

Table 3
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variables (P > 0.1), except of glucose (P < 0.01) and NEFA (P = 0.01).
Glucose concentration increased more and NEFA decreased more in
SARA-resistant cows during high-grain, as compared to in low-grain
feeding.

A diet effect was found in blood variables such as BHBA (P < 0.01),
cholesterol (P < 0.01), NEFA (P < 0.01) and triglycerides (P < 0.01), all
being lower in high-grain periods. On the other hand, blood glucose
(P < 0.01) and urea nitrogen (P < 0.01) were higher in high-grain
periods.

3.7. Rumen pH and saliva variables

The SARA-type showed no effect (P > 0.1) on all rumen pH variables
of the second lactation (Table 6). Similarly, there was no interaction
between SARA-type and diet on all rumen pH variables (P > 0.1).
However, feeding the high-grain diet showed an effect on rumen pH
variables. Cows had higher maximum pH (P < 0.01), but lower mini-
mum pH (P < 0.01) and longer duration of pH below 6.0 (P < 0.01)
during the high-grain period.

The physico-chemical characteristics of saliva were unaffected by
SARA-type, but high-grain diet showed some effects (Table 6). During
the high-grain period, salivary mean pH was higher (P < 0.01), salivary
mucin concentration was lower (P = 0.03), and salivary osmolality was
increased (P =0.01), compared to low-grain period. An interaction
between SARA-type and diet was found in saliva phosphate concentra-
tion (P = 0.03), where saliva phosphate was higher in SARA-resistant
cows during high-grain period as compared to in low-grain period.

4. Discussion

The study aimed to test the hypothesis that susceptibility to SARA
persists into the second lactation, manifesting significant differences in
chewing, lying, feed sorting, eating behavior, and a range of systemic
variables, including salivary, blood and milk parameters, in cows fed
both low and high-grain diets. Notably, SARA-resistant cows exhibited
longer daily rumination times and higher rumination indices, while all
chewing parameters were reduced during high grain feeding in both
SARA groups, likely due to low peNDF- g my content (13.8 %) and high
starch concentration (33.2 %) of the diet, which are known risk factors
for SARA development (Khorrami et al., 2021). Although these differ-
ences in rumination are biologically meaningful, as increased rumina-
tion time is associated with improved ruminal pH, greater fiber
digestibility, leading to higher milk fat yield (Zebeli et al., 2008), these
relationships explain only a portion of the variation in production out-
comes (Souza et al., 2022). Fiber digestibility is not reported in current
study, but research has shown that diets higher in peNDF increase
chewing, ruminal pH and fiber digesting enzyme activity, reducing
SARA risk (Zebeli et al., 2008; Cao et al., 2021). It has also to be
mentioned that although increased chewing and rumination promote
salivary secretion, their net effect on rumen buffering might still be

Feed/Particle sorting behavior in mid-lactating Holstein cows differing in subacute rumen acidosis susceptibility in their first lactation fed with low-grain and high-

grain diets during the second lactation.

Parameters SARA-Susceptible SARA-Resistant SEM P-values
Low-grain High-grain Low-grain High-grain SARA-type Diet SARA*Diet
Interaction
Long 83 96 83 96 4.0 0.95 < 0.01 0.98
Medium 100 101 102 100 2.0 0.94 0.68 0.39
Short 103 102 106 101 2.0 0.66 0.08 0.30
Fine 97 96 100 94 2.0 1.00 0.10 0.23
“peNDF 96 99 95 101 1.0 0.69 < 0.01 0.45

Values = 100 no sorting

Values < 100: sorting against

Values > 100: sorting for
 Physically effective NDF
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Table 4
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Dry matter intake, body weight and milk composition of mid-lactating Holstein cows differing in subacute rumen acidosis susceptibility in their first lactation fed with

low-grain and high-grain diets during the second lactation.

Parameter SARA-Susceptible SARA-Resistant SEM P-values
Low-grain High-grain Low-grain High-grain SARA-type Diet SARA*Diet Interaction

Dry matter intake, kg 21.7 23.1 21.5 22.9 0.38 0.66 < 0.01 0.91
Body weight, kg 640.5° 658.9% 644.1° 681.2 %A 5.25 0.04 < 0.05 < 0.05
Body condition score 3.11 3.22 3.16 3.23 0.06 0.63 0.05 0.64
Milk yield, kg/day 35.8 38.9 35.1 37.9 1.35 0.55 < 0.01 0.77

4 % Fat corrected milk, kg/day 33.4 34.8 33.6 33.0 1.67 0.64 0.56 0.12
Energy-corrected milk, kg/day 36.0 38.2 35.8 36.6 1.60 0.58 0.01 0.26
Fat% 3.60 3.20 3.70 3.00 0.19 0.57 < 0.01 0.09
Protein, % 3.00 3.30 3.10 3.30 0.08 0.66 < 0.01 0.85
Fat to protein ratio 1.20 1.00 1.20 0.90 0.06 0.45 <0.01 0.16
Lactose, % 4.90 4.90 5.00 4.90 0.05 0.50 0.82 0.11
Milk Urea N, mg/dL 14.3 16.1 8.4 14.9 1.64 0.17 0.01 0.08
pH 6.57 6.55 6.59 6.57 0.01 0.26 0.01 0.43
Somatic cell count (*10°/ml) 17.6 23.6 16.1 27.4 14.8 0.88 <0.01 0.13
Fat free dry matter, % 8.7 9.0 8.8 9.0 0.08 0.61 < 0.01 0.28

Superscripts a,b show differences in between diets of same SARA types
Superscripts A,B show differences in between SARA types of same diets

Table 5

Blood parameters related to production in mid-lactating Holstein cows differing in subacute rumen acidosis susceptibility in their first lactation fed with low-grain and

high-grain diets during the second lactation.

SARA-Susceptible SARA-Resistant SEM P-values
Parameters Low-grain High-grain Low-grain High-grain SARA-type Diet SARA*Diet
Interaction
Total protein, g/dl 7.66 7.69 7.99 7.95 0.09 0.01 0.88 0.43
Albumin, g/dl 3.85 3.89 4.00 4.01 0.06 0.06 0.26 0.56
Glucose, mg/dl 63.84° 66.752 62.6"° 69.6"7 0.76 0.49 <0.01 <0.01
Bilirubin, mg/dl 0.06 0.07 0.06 0.06 0.01 0.59 0.52 0.44
Beta-Hydroxybutyrate, mmol/L 0.40 0.31 0.36 0.31 0.02 0.50 <0.01 0.13
Non-esterified fatty acids, mmol/L 0.1458 0.132 0.18%2 0.134° 0.01 0.25 <0.01 0.01
Cholesterol, mg/dl 184 174 184 173 8.03 0.99 < 0.01 0.92
Triglycerides, mg/dl 11.3 10.1 11.2 9.4 0.43 0.40 <0.01 0.15
Blood Urea N, mg/dl 21.8 30.4 21.5 30.1 1.1 0.82 < 0.01 0.92

Superscripts a,b show differences in between diets of same SARA types
Superscripts A,B show differences in between SARA types of same diets

Table 6

Ruminal pH and salivary characteristics of mid-lactating Holstein cows differing in subacute rumen acidosis susceptibility in their first lactation fed with low-grain and

high-grain diets during the second lactation.

Parameters SARA-Susceptible SARA-Resistant SEM p-value
Low-grain High-grain Low-grain High-grain SARA-Type Diet SARA*Diet Interaction

Ruminal pH variables 6.39 6.38 6.39 6.37 0.05 0.69 0.18 0.69

Mean ruminal pH
maximum ruminal pH 6.79 6.90 6.81 6.91 0.04 0.36 < 0.01 0.36
minimum ruminal pH 6.02 5.97 5.94 5.87 0.07 0.56 <0.01 0.56
Duration < pH 6.0, minutes 23.1 61.0 42.9 66.9 38.8 0.14 < 0.01 0.14
Duration < 5.8, minutes 7.20 7.80 13.6 11.8 24.8 0.55 0.83 0.55
Area < pH 6.0, minute x pH 5.84 8.77 9.91 11.37 16.7 0.46 0.08 0.46
Area < pH 5.8, minute x pH 1.89 1.26 2.37 1.70 6.46 0.95 0.10 0.95
Salivary characteristics 8.60 8.74 8.59 8.76 0.05 0.99 <0.01 0.56

Saliva mean pH
Buffer capacity, mol of HCL per A pH 0.02 0.02 0.02 0.02 0.00043 0.88 0.76 0.37
Saliva mucin, ug/ml 639 538 1147 568 761 0.22 0.03 0.18
Saliva lysozyme activity, U/ml/min 6.43 6.39 6.56 7.58 2.47 0.63 0.73 0.71
Saliva osmolality, mOsmol/kg 241 255 242 260 34.7 0.59 0.01 0.79
Saliva total protein, ug/ml 192 190 201 182 43.5 0.98 0.66 0.73
Saliva phosphate, mM/L 12.0 11.1 10.9 12.4 0.78 0.88 0.49 0.03
Saliva bicarbonate, mM/L 90.8 88.3 92.7 92.7 3.05 0.61 0.25 0.65

modest, especially in diets rich in starch (Dijkstra et al., 2012; Beau-
chemin, 2018). Indeed, the benefits in chewing behaviour were not re-
flected in most of the salivary and ruminal pH variables measured in this
study. In fact, with exception of the maximum pH, the other ruminal pH
metrics such as minimal pH decreased and duration of pH below 6

increased during high-grain diet, independent of the SARA-type. How-
ever, our data indicate that the improved rumination indices in
SARA-resistant cows, although statistically significant, were not enough
to modulate ruminal pH of these cows. It seems that at this high dietary
starch level (33.2 %), the slightly improved rumination-induced
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salivation and rumen buffering may not be enough to modulate ruminal
pH variables, likely because of the release of large amounts of VFA in the
rumen, which cannot be neutralized by saliva buffers alone. It is known
that the ruminal absorption of ionic VFA plays an increasing role in
buffering the rumen than saliva, when cattle are fed high-grain diets
(Dijkstra et al., 2012). On the other hand, the data of eating behavior
showed that the cows increased the number of meals but lowered the
meal size during high-grain feeding and independent of SARA-type. This
might also have resulted in lower VFA production rate with a timely
neutralization, as suggested by Gregorini et al. (2012), showing that
cows change their feeding behavior towards smaller, more frequent
meals to mitigate the harmful effects of highly fermentable starch-rich
diets.

Another known mechanism that cows use to counteract the impact of
highly fermentable starch-rich diets on the rumen milieu is feed sorting
(Coon et al., 2019; Castillo-Lopez et al., 2021a; Rivera-Chacon et al.,
2022b). Feed sorting, especially against long particles, is linked to
increased SARA risk and reduced rumination (Gao and Oba, 2014; Coon
et al., 2019). Cows at higher risk for SARA tend to sort more, especially
when fed diets with longer straw particles, which can lead to less
balanced intake of peNDF and lower milk fat yields (Coon et al., 2019).
We initially expected different sorting behavior of the cows based on the
SARA-type in this lactation, but this was not the case. However, during
the high-grain feeding period, the cows sorted for long particles and this
somehow increased both the proportion of large particles and the
peNDF.g my intake, which may have contributed to regulate the
ruminal pH and to mitigate potential negative effects on animal health
and behavior. Other data of our study showed that SARA-type had no
effect on all parameters of lying behavior, providing evidence that
previous susceptibility to SARA has no influence on lying behavior of the
cows in the second lactation, and so disapproving our hypothesis. Lying
behavior, is often correlated with rumination and overall cow comfort.
Interestingly, the total number of lying bouts increased during the
high-grain feeding. Preferring lying on the left side is known in cows as
an adaptive position for them for increase rumination efficiency, as this
position might support the rumination process, due to better alignment
of the esophagus with the rumen contents (Albright, 1993). However,
shorter times spent ruminating while lying on the left side might be
interpreted as an expression of impaired welfare of cows during the
high-grain feeding.

Other findings of this research showed that SARA-type did not affect
the DMI, BCS and milk variables, but the SARA-resistant cows had
higher BW, and these cows gained around 40 kg BW during the 4 weeks
in high-grain feeding. Previously, the SARA-resistant cows showed
lower DMI and milk yield but no differences in the BW during first
lactation (Castillo-Lopez et al., 2025). No effect on the performance of
the SARA-type suggests no persistence of this effect across lactations.
The reason for the BW gain of the SARA-resistant cows during the
high-grain feeding is not clear, as the DMI and the energy intake of both
SARA groups were similar. At the same time, the SARA-resistant cows
showed a tendency for lowered milk fat concentration with the diet
changed from low to high-grain feeding. The blood analysis also showed
that glucose increased, whereas the NEFA decreased stronger during the
dietary change from low to high-grain feeding in SARA-resistant cows.
This might suggest a tendency for higher body energy deposition,
decreased mobilisation and likely also decreased milk fat excretion of
the SARA-resistant cows when they were switched from low to
high-grain diet, as compared to their SARA-susceptible counterparts.
The phenomenon of increasing body fat/energy accretion is common in
mid-lactation cows aiming to support body reserves as they reach pos-
itive energy balance with DMI being at its peak and milk production
beginning to decline (van Beukelen et al., 1985). However, since the
groups were in similar mid-lactation phase, this body mass accretion
change in SARA- resistant cows might be rather linked to their metabolic
type.

As expected, feeding the high-grain diet increased the milk yield
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including milk protein concentration and MUN contents, and BW and
BCS, while decreasing fat concentration, fat to protein ratio and the pH
of the milk. During the high-grain feeding, the cows experienced a
strong depression of milk fat and the fat to protein ratio dropped below
1. Milk fat depression (MFD) is a known sequela of feeding high-grain
diets and SARA, caused by changes in ruminal biohydrogenation,
particularly the trans-11 to trans-10 shift (Alves and Bessa, 2014;
Dewanckele et al., 2019) and overall drop of the lipogenic precursors for
the de novo mammary milk fat synthesis, mainly acetate (Lock et al.,
2008; Toral et al., 2015). Mammary de novo synthesis, milk fatty acid
alterations stem also from changes in the blood uptake of long chain
fatty acids originating from adipose tissue mobilization (Bionaz and
Loor, 2008).

Our data of blood variables showed that SARA-resistant cows had
higher total protein and a tendency for higher albumin in their blood
serum. Serum albumin is one of the major proteins in blood, synthesized
in the liver and having a critical role in maintaining osmotic pressure,
transport of hormones, fatty acids, and drugs, and has antioxidant
properties. So, higher serum total protein and albumin levels can be
interpreted of better liver function and metabolic health (Allison, 2012;
Soeters et al., 2019), probably linked to a superior metabolic type of
SARA-resistant cows. The SARA is known to induce systemic inflam-
mation in ruminants, primarily through ruminal translocation of lip-
opolysachharides (LPS) originating from Gram negative bacteria,
leading to systemic immune activation (Plaizier et al., 2012, 2022; Zhao
et al., 2018) and liver damage (Rivera-Chacon et al., 2022a).

As expected, the feeding of high-grain diets increased serum glucose
concentration due to higher starch intake that results in increased
ruminal propionate, being converted to glucose, by the process of he-
patic gluconeogenesis (Reynolds, 2006). This enhanced glucogenic state
during high-grain feeding lowered both the lipolysis and ketogenesis,
while increasing lipogenesis, as reflected by lower NEFA and BHBA, and
the increased BW of the cows. The decreased concentrations of tri-
glycerides and cholesterol during the high-grain feeding period may also
be due to lowered lipolysis and increased lipogenesis in the adipose
tissues. Another possibility is also either decreased cholesterogenesis
due to lowered rumen acetate (Liepa et al., 1978) or increased hepatic
clearance of cholesterol via biliary route (Ametaj et al., 2010) in
response to high-grain feeding. However, these latter processes were
similar in both SARA types.

Regarding, salivary characteristics, we found no effect of SARA-type
on all parameters, except a tendency for increased salivary phosphate in
SARA-resistant cows during high-grain feeding. Salivary phosphate
along with bicarbonate has a role in proton neutralisation, ultimately
balancing the ruminal pH (Aschenbach et al., 2011). Similarly, a slight
increase in salivary pH found during high-grain period might be due to
increased saliva osmolality, which could be a host adaptation for
ruminal pH regulation (Allan et al., 2000; Castillo-Lopez et al., 2021a;
Rivera-Chacon et al., 2022b). Salivary mucin concentration dropped
during the high-grain period, which could be due to low rumination
activity, as reported in a recent study that high-grain feeding tended to
reduce salivary content of mucins, due to reduction in chewing activity
(Castillo-Lopez et al., 2023a). These changes suggest alteration in the
cow’s body, adjusting for digestion of highly fermentable high-grain
diets. Such adaptive response may help cows to protect from ruminal
acidosis ensuring efficient digestion of high-grain diets.

5. Conclusion

Collectively, the data indicate that SARA-resistant cows coped better
with high-grain diets than SARA-susceptible cows by enhancing their
ruminating behavior and modulating the metabolic state in the second
lactation. The latter consisted in maintaining a higher body mass,
obviously by increasing systemic glucose availability and body energy
accretion vs. mobilisation, and by maintaining higher serum protein/
albumin levels, as well as a tendency to decrease milk fat excretion.
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However, SARA-resistant type did not affect several behavior parame-
ters of the cows including lying or feed sorting behavior and did not
alleviate most of the changes in saliva, rumen, blood, and milk variables
related to high-grain feeding conditions. The study also reinforced the
negative impact of high-grain feeding on cow behavior and welfare,
most importantly by impairing rumination while lying, and lowering
ruminal pH, and milk fat content. Although the cows attempted to
counteract the high-grain feeding by sorting it in favor of long particles
and peNDF, this was not enough considering the high-grain diets, being
very low in peNDF and high in starch, in this research. Further research
should focus on evaluating the observed changes in the metabolic state
of SARA-resistant cows during early lactation, particularly in terms of
increased rumination and the energy accretion, and its associated im-
plications for cow health.
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