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Abstract: The aim of this study was to validate selected precision livestock farming (PLF) methods of nutrition
and feeding management of high-yielding Holstein dairy cows. In a feeding trial with 36 dairy cows, the effect
of replacing 0.1 kg of sodium bicarbonate in the control total mixed ration (TMR-C) with 1 kg of wheat straw in the
experimental total mixed ration (TMR-S) on the physiological status of cows and the amount of milk produced
(milk yield, MY) was investigated. Feed intake time (FT), as measured using tensometric feed troughs (TFT),
was significantly longer with TMR-S (188 min) than with TMR-C (157 min). Differences between TMR-C and
TMR-S were not significant for FT or rumination time (RT), as measured by a sensor in the collar (VSC). There
was only a weak correlation between the two technologies (TFT vs. VSC) for FT (r = 0.27). Differences between
TMR-C and TMR-S were not significant for values measured in rumen fluid (pH, acid and ammonia levels) nor
for values measured by sensors in the milking parlour (MY, fat and protein percentage of milk). Milk analysis in the
laboratory showed that the cows fed TMR-C had higher urea (26.6 vs. 22.7 mg/100 ml) and free fatty acid (0.87
vs. 0.33 mmol/100 g) levels in milk. Moderate correlations were between TMR intake and MY (r = 0.55); between
MY and milk fat (r = —0.46); between milk fat and milk protein (r = 0.63); and between milk fat and milk protein
measured by sensors and in the laboratory (r = 0.47 and r = 0.42, respectively). In view of the above results, further
research and data validation for each technology are needed.
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Precision livestock farming (PLF) aims to pro- time alerts when something goes wrong so that farm-
vide real-time monitoring and management tools ers can take immediate action to resolve the problem
to farmers. The idea behind PLF is to generate real-  (Berckmans 2017). Various PLF systems using tech-
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nologies such as sensors, cameras or microphones
can alert farmers via connected devices (e.g. cell
phones, PCs, tablets) on anomalies detected, allow-
ing them to intervene at an early stage. Research
shows a great potential of these ‘smart technologies’
to help livestock farmers monitor the welfare of their
animals. Precision farming technologies are based
on imaging (2D or 3D cameras, computer vision,
optical flow, thermal imaging), sonic tools (micro-
phones or sonars), sensors (accelerometers, pressure
and infrared sensors), radio-frequency identification
or wireless transmission.

The PLF technologies are designed to support
farmers in livestock management by monitoring
and controlling animal productivity, environmental
impacts, as well as health and welfare parameters
in a continuous, real-time and automated manner.
However, there is still a lack of confidence among
the farming community in the adoption of PLF
technologies in practice. This may be related to the
lack of validation of some technologies, which may
result in a low level of confidence among farmers,
but also the possibility that technologies overlook
issues that compromise welfare. Furthermore,
the adoption of technologies does not guarantee
that the technologies will be used in an optimal
way in relation to welfare.

Technology validation is usually required to pre-
dict how a system would perform under realistic
operating conditions, and in the case of PLF, de-
velopment must take into account the complexity
of living organisms, which are ‘individually distinct,
temporally variable and dynamic’ This complexity
may explain why a wide range of PLF technologies
still require further validation. Even commercially
available PLF technologies, such as the use of accel-
erometers, pressure or infrared sensors, still need
validation. In order to actively use milk monitor-
ing technologies to detect early behavioural chang-
es, technologies must first be validated for their
ability to accurately measure dairy cattle behaviour
(Borchers et al. 2016; Borchers et al. 2021).

According to Lovarelli et al. (2020), PLF is spread-
ing worldwide and it is increasingly used in both
intensive and extensive livestock farming. When
assessing the benefits of PLF, it is also necessary
to consider health, animal welfare, performance,
animal behaviour, housing conditions and the im-
pact of all these aspects on environmental, eco-
nomic and social sustainability. The analysis of PLF
technologies by Krampe et al. (2021) revealed some
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common concerns of PLF users, and the analysis
by Morrone et al. (2022) ascertained several ethical
issues raised by PLF.

Reports on the use of PLF methods for dairy herd
management are increasingly covered by scientif-
ic literature, also in terms of nutrition and feed-
ing of high-producing Holstein dairy cows. The
aim of several earlier studies was to compare cow
behaviour measured by motion sensors (usually
placed in the neck collar) with visual observations.
Several studies have confirmed a high agreement
between these two methods. For instance Grinter
etal. (2019) found Pearson correlation coefficients
(Prion and Haerling 2014) of 0.99, 0.93 and 0.94
for rumination, feeding and resting times, respec-
tively, in lactating dairy cows. Another important
PLF method is the real-time measurement of milk
yield (MY) and milk quality. Such information is
provided by the Afimilk system. According to Caria
et al. (2019), the tested AfiFarm technology gave
promising results showing reliability and efficiency
in real-time measurement of milk.

As the milk yield of dairy cows increases, the risk
of developing health disorders such as ruminal
acidosis is growing, which affects both the over-
all health and the quantity and quality of milk
produced. Therefore, it is essential to have good
herd management practices in place (Valente et al.
2017). While many dairy farmers include straw or
hay in total mixed rations (TMR) for preventing
ruminal acidosis, others prefer TMR-buffering
products such as sodium bicarbonate.

We hypothesized that PLF technologies are able
to detect even small differences between the two
types of TMR used in this study, based on moni-
toring the buffering effect on rumen contents
to prevent ruminal acidosis that may adversely af-
fect performance, health and well-being of high-
producing dairy cows. By good management of the
dairy herd and quick response to alerts issued
by sensors, negative effects can be identified and
subsequently eliminated, or at least nipped in the
bud before they fully develop into clinical mani-
festations of the problem (acidosis in particular)
and before milk yield declines. Among the many
types of PLF technologies, the Vitalimeter sensor
mounted on a cow collar (VSC) and AfiFarm sen-
sors in a milking parlour to aid dairy cow feed-
ing management undoubtedly belong to the most
promising ones. We concluded that these PLF
methods would be well complemented in the study
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by the use of TFT, and by sampling and laboratory
analysis of rumen fluid, cow faeces and milk.

The aim of the study was to validate and compare
precision livestock farming (PLF) methods for nu-
trition and feeding management of high-yielding
Holstein dairy cows.

MATERIAL AND METHODS
Design of experiment

The experiment was carried out on the
Experimental Farm of the Institute of Animal
Science in Prague (50°05"N and 14°27"E; altitude
287 meters above sea level; 8.4 °C daily mean;
526 mm average precipitation). The feeding ex-
periment was carried out in accordance with
the practices outlined in Act No. 183/2017 Coll.,
on the Protection of Animals against Cruelty and
with Directive 2010/63/EU on the protection
of animals used for scientific purposes. The ex-
perimental methodology was approved by Ministry
of Agriculture of the Czech Republic.

The experiment started on January 14, 2022.
During the 3-week preparatory period, dairy cows
were acclimated to the barn and feeding technol-
ogy. Two experimental periods (P1, P2) followed,
each lasting three weeks.

A total of 36 Holstein dairy cows were included
in the experiment. The cows were divided into
two groups (A, B) by the pairing method accord-
ing to parity, days in milk (DIM) and milk yield, so
that each cow pair was comparable at the beginning
of the first experimental period (Table 1).

Dosing of TMR components was controlled
by software in the Husky DS 90 mixer wagon. Cows
in both experimental groups had an unrestricted
access to feed and water. Chemical composition of

Table 1. Description of dairy cow groups at the begin-
ning of the experiment

Group A Group B

Parameter mean SD mean SD SEM P-value
MY kg/day 40.9 9.31 41.0 7.74  2.02 0.960
DIM 65.4 28.3 65.6 245 6.24 0.980
Parity 2.28 1.13 2.33 1.08 0.26 0.881

DIM = days in milk; MY = milk yield; SD = standard devia-

tion; SEM = standard error of the mean
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the diet was estimated by the nutrition software
(AgroKonzulta Zamberk s.r.0., Czech Republic)
which complies with NRC (2001). The components
of the control and experimental total mixed rations
(TMR-C and TMR-S, respectively) and their chemi-
cal composition are shown in Table 2. Maize si-
lage was made using the additive Formasil® Maize

Table 2. Composition of control total mixed ration
(TMR-C) and experimental total mixed ration (with
straw) (TMR-S)

Components (kg) TMR-C TMR-S
Maize silage 17.5 16.0
Alfalfa silage 9.00 9.00
WMG 5.00 5.00
WBG 7.00 7.00
MGP 3.50 3.50
DO1 8.50 9.00
NaHCOs3 0.10 0.00
Wheat straw 0.00 1.00
Daily intake (kg of DM)*

Maize silage 5.51 4.80
Alfalfa silage 245 2.33
WMG 3.10 2.95
WBG 1.62 1.54
MGP 3.47 3.30
DO1 748 7.54
NaHCO; 0.09 0.00
Wheat straw 0.00 0.82
Analytical constituents

DM (g/kg) 452 459
CP (g/kg DM) 174 173
CF (g/kg DM) 134 146
ADF (g/kg DM) 158 171
NDEF (g/kg DM) 290 306
Starch (g/kg DM) 296 287
NEL (M]J/kg DM) 7.55 7.49
PDIA/CP 30.2 30.4

ADF = acid detergent fibre; CF = crude fibre; CP = crude
protein; DM = dry matter; DO1 = concentrate for fresh dairy
cows; MGP = liquid energy booster — a mixture of glycerol
and molasses at a ratio of 1: 1, and net energy lactation 8.7
M]J/kg; NDF = neutral detergent fibre; NEL = net energy
lactation; PDIA = dietary protein undegraded in the rumen
but truly digestible in the small intestine; WGB = wet brew-
ers’ grains; WMG = wet maize grain

*Daily intake was calculated according to tensometric feed

trough measuring
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[0.5 g/t; Lactobacillus buchneri (NCIMB 40788)
2 x 1011 CFU/g; Pediococcus pentosaceus (NCIMB
12455) 7.5 x 1 010 CFU/g] and lucerne silage
was made using the additive Formasil® Alfa [1 g/t;
Lactobacillus plantarum (CNCM MA 18/5U) 1.5 x
1 011 CFU/g; Pediococcus pentosaceus (NCIMB
12455) 1.5 x 1 011 CFU/g; enzymes: beta-gluca-
nase; activity > 150 000 nkat/g; xylanase, activity
> 136 000 nkat/g]. To avoid the intake of straw not
included in TMRs, the stalls were embedded with
sawdust. DO1 complementary feed (concentrate)
contained 38% wheat grain, 15% barley grain, 35%
extracted rapeseed meal, 3% C-16 (rumen pro-
tected fat), 8% MKD (mineral supplement) and
1% PROTE-N (protected urea; 90% urea; 41% N;
9.9% fat; 1.2% ash) and chemical composition: DM
866 g/kg, crude protein 240 g/kg DM, starch 367 g/
kg DM, ash 113 g/kg DM, NEL 8,17 MJ/kg DM.

The samples of TMR were collected dur-
ing the last week of each experimental period.
The chemical composition of TMRs was repeat-
edly analysed three times. Fresh samples were dried
for 24 h at 50 + 2 °C and subsequently milled to pass
through a 1-mm sieve. Dry matter (#934.01), ash
(#942.05), crude protein (#976.05), starch (#920.40),
neutral detergent fibre (#2002.04), acid detergent
fibre (#973.18) were determined according to the
methods of the Association of Official Analytical
Chemists (AOAC 2005), crude fibre content ac-
cording to the Weende gravimetric method (Jung
1997). Energy (MJ NEL/kg DM) was calculated
based on the measured chemical composition and
nutrient digestibility values using the equations
of Vencl et al. (1991). PDIA was calculated based
on INRA Ruminant Nutrition System (Verite and
Peyraud 1989).

Precision livestock farming methods used

The cows were stabled in an experimental barn
equipped with TFT (Insentec BV, Marknesse,
the Netherlands) connected to a computer system.
Using this system, the consumption of feed, dura-
tion of TMR eating and number of visits to the feed
bunk were continuously monitored and recorded
during the experiment, separately for each cow.
The TMRs were given to the TFT six times per day.

The dairy cows in the barn were equipped with
‘collars) a precision farming technology which
continuously records the above information via
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the ‘Vitalimeter’ device (AGROSOFT Tabor, Czech
Republic), i.e. the duration of feed ingestion (feeding
time, FT) and rumination (rumination time, RT).

One dairy cow in each group received a pH mea-
suring bolus, inserted into the rumen with a special
applicator (SmaXtec Classic Bolus SX.2; Animal
Care GmbH, Graz, Austria) to measure pH values
and temperature every 10 minutes.

The milk yield (MY) and composition of milk
of all the cows were recorded twice a day by the
herd management system AfiFarm v5.5 (Afimilk
Ltd, Afikim, Israel). MY was measured by an elec-
tronic lactometer module (Afimilk), fat and protein
content of milk by a milk analysis module (Afilab).

The samples of milk, rumen fluid and cow faeces
were collected during the last week of each pe-
riod from seven selected cows from each group
at the same time. Milk quality was analysed in an
accredited (CSN EN ISO/IEC 17025:2005, 2018)
laboratory (MILCOM a.s. Prague, Czech Republic).
Infrared spectrophotometry (CSN 57 0530, 2010;
CSN 57 0536, 1999) was used to analyse fat, protein,
lactose and non-fat dry matter of milk; casein, urea
and free fatty acids (FFA) by the indirect MIR-FT
method (Hanus et al. 2008).

Rumen fluid was sampled using a stomach tube
(length 240 cm; diameter 2.5 cm; insertion depth
180 cm) four hours after morning feeding. Each
time 250 ml of rumen fluid was taken and 1 ml
of toluene was added for conservation. Then
the samples were transported to the laboratory,
pH was measured and rumen fluid was centri-
fuged at 1 200 rpm for 5 minutes. The superna-
tant was transferred into a PE bottle and frozen
until analysis. Rumen fermentation properties were
analysed as follows: pH potentiometrically using
inoLab Level 1 (inoLab, Kladno, Czech Republic),
volatile fatty acids (mmol/l of rumen fluid) by capil-
lary electrophoresis method (Kvasnicka 2000) using
an ITP/CZE analyser IONOSEP 2003 (RECMAN,
Ostrava-Hrabuvka, Czech Republic) and ammonia
nitrogen (mg N/100 g rumen fluid) spectrophoto-
metrically using Biochrom Libra s22 (Biochrom
Ltd, Cambridge, UK).

Faeces were sampled using rectal palpation in an
amount of 0.8 kg and DM (#934.01) and starch
(#920.40) were determined according to AOAC
(2005). pH was measured with a laboratory pH
meter inoLab Level 1 (inoLab, Kladno, Czech
Republic) from a solution of 15 g faeces mixed
in 100 ml of distilled water.
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All the cows were daily monitored for health indi-
cators, especially for clinical signs of acidosis, both
visually and by the above PLF methods.

Statistical analysis

The experimental design was as follows: TMR-C
or TMR-S were fed to 18 dairy cows in each period,
similarly 18 cows were fed in each group (A, B). Each
of the two periods lasted 21 days, the periods were
not included in the evaluation. Analysis of vari-
ance (ANOVA) with multivariate design was used
(STATISTICA v10 software; StatSoft, Inc., Tulsa,
OK, USA). The statistical model for the results was:

Yi=u+T;+ G+ TG; + ¢; (1)
where:

T; - the dependent variable;

Tl — the overall mean;

T; — the effect of the factor TMR (i = 1 to 2);

G; - the effect of the factor group (j = 1 to 2);

TG; - theinteraction of TMR with group;
e; — the error term.

The Tukey HSD (honestly significant difference)
test at a significance level P < 0.05 was used to eval-
uate the results.

The associations for each item among factors
(Table 3 and Table 4) were evaluated using a bivari-
ate correlation analysis (STATISTICA v10 software;
StatSoft, Inc., Tulsa, OK, USA). The probability
of correlation (P-value) was calculated and Pearson
bivariate correlations (Puth et al. 2014) were con-
sidered significant at P < 0.05. The r coefficient
values for correlation were interpreted according

Table 3. Correlation table (P < 0.05) of tensometric
feed trough (TFT) and Vitalimeter sensor mounted on
the collar (VSC) data

Index ITMR FT of TFT FT of VSC RT MY
ITMR - 0.03 0.04 0.05 0.55
FTof TFT  0.03 - 0.27 0.09 -0.03
FT of VSC  0.04 0.27 - 0.05 -0.05
RT of VSC  0.05 0.09 0.05 - -0.01
MY 0.55 -0.03 -0.05 -0.01 -

FT = feeding time; RT = rumination time; ITMR = intake

of total mixed ration
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Table 4. Chart of correlations (P < 0.05) between Afi-
Farm sensor data and laboratory milk analysis

Data from AfiFarm  Analytical results

Indicator

MY fat protein  fat  protein
MY AfiFarm - -046 -0.13 -0.34 -0.32
Fat AfiFarm -0.46 - 0.63 0.47 0.36
Protein AfiFarm -0.13  0.63 - 0.33 0.42
Fat analytical -0.34 047 033 - 0.23
Protein analytical -0.32 0.36  0.42 0.23 -

MY = milk yield

to Prion and Haerling (2014): very strong correla-
tion (£ 0.91 to * 1.00); strong correlation (+ 0.68
to + 0.90); moderate correlation (+ 0.36 to + 0.67);
weak correlation (+ 0.21 to + 0.35); and negligible
correlation (0 to + 0.20).

RESULTS AND DISCUSSION
Feeding and rumination time

As can be seen from Table 2, both groups were
balanced in their parameters, or there were no sig-
nificant differences between them. The addition
of 1 kg of wheat straw to the experimental TMR-S
resulted in an increase of 12 g/kg DM in CF, 13 g/kg
DM in ADF and 16 g/kg DM in NDF. TMR-S then
had a NEL lower by 0.06 M]J/kg DM. Table 5 shows
the FT and RT values obtained by the Vitalimeter
Sensor in the collar of dairy cows (VSC), while
Table 6 compares the values obtained from the TFT.
Table 3 gives the correlations between the two tech-
nologies (VSC vs. TFT), supplemented by the cor-
relation with MY obtained by Afimilk.

Table 5. Comparison of values obtained by Vitalimeter
sensor in the collar of dairy cows

TMR Group P-value
Parameter
S A B TMR group
FT (min) 214 243 230 227 119 0.084 0.823
SD 651 776 769 692 - - -
RT (min) 485 482 482 485  9.20 0.852 0.867
SD 61.1 499 571 544 - - -

FT = feeding time; RT = rumination time; SD = standard
deviation; TMR-C = control total mixed ration; TMR-S =

experimental total mixed ration with straw
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Table 6. Comparison of the values obtained from tenso-
metric feed troughs

Parameter TMR Group P-value
S A B TMR group
ITMR (kg/day) 52.5 50.7 52.2 51.0 1.03 0.230 0.419
SD 6.17 6.10 646 586 -— - -
FT (min) 157 188 169 176 6.12 0.001 0.444
SD 348 384 407 389 - - -
FA 79.1 892 83.0 853 3.86 0.068 0.666
SD 221 236 21.1 255 - - -

FA = accesses to the feed trough; FT = feeding time; ITMR =
intake of total mixed ration; SD = standard deviation;
TMR-C = control total mixed ration; TMR-S = experimental
total mixed ration with straw

FT tended (P < 0.1) to be longer for TMR-S than
for TMR-C, consistent with the hypothesis because
TMR-S contained more fibre. This trend was not
confirmed for RT (Table 5). For either FT or RT,
other differences between TMR-C and TMR-S or
between the cow groups (A vs. B) were not signifi-
cant (P > 0.05).

FT, as detected by VSC technology, tended
(P < 0.1) to be longer when TMR-S was fed com-
pared to TMR-C, consistently with the hypoth-
esis based on TMR-S containing more fibre. This
trend was not confirmed for rumination time. FT,
as determined from the TFT data, was significantly
(P<0.001) longer for TMR-S than for TMR-C, which
was accompanied by a trend (P = 0.07) of more fre-
quent cow visits to tensometric feed troughs, i.e.
the cows inserting their heads into the automatic
device of each TFT. Differences between the groups
were not significant in any parameter. Surprisingly,
RT showed a lower than weak correlation with all
other assessed indicators.

Beauchemin (2018) points out that dairy cows
have changed significantly in recent decades,
as have the types of feed and production sys-
tems used. The abundance of literature published
in recent years has reportedly provided new in-
sights into feeding and rumination in dairy cows.
Measurement of RT is based on periodic jaw move-
ments during regurgitation and subsequent chew-
ing of the cud (bolus) in both the recumbent and
standing positions. Measurement of TMR intake
is based on specific movements of the cow’s head
while eating. Chewing increases salivary secretion
in dairy cows, which helps reduce the risk of acido-
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sis. Lactating cows spend about 4.5 h/day (270 min)
eating (range: 2.4—8.5 h/day) and 7 h/day (420 min)
ruminating (range: 2.5-10.5 h/day), with a maxi-
mum total chewing time of 16 h/day (960 min).

The values we obtained for both foraging time
and rumination time are within the range of values
published by Beauchemin (2018), as well as Souza
et al. (2022), Krpalkova et al. (2022) and others.
Their results also suggest that RT is influenced
by many factors, especially NDF intake. The use
of recently developed low-cost sensors that moni-
tor the rumination activity of dairy cows in com-
mercial facilities can provide information that is
useful in management decisions, especially when
combined with other factors such as feed manage-
ment, cow variability and cow health. These effects
are not accounted for in RT prediction equations.
Chewing is critical for promoting salivation, parti-
cle size reduction, microbial digestion, and passage
of undigested material out of the rumen, but the ef-
fect of changing RT on these functions is difficult
to quantify (Beauchemin 2018).

A meta-analysis by Souza et al. (2022), which
included 130 studies, showed that RT averaged
444 min/day (range 151-638 min/day). RT in-
creased with increasing milk fat yield (R* = 0.27)
and milk fat percentage (R? = 0.17). RT also in-
creased with increasing MY, DM intake and rumen
pH and was related to dietary neutral detergent
fibre (NDF) and total tract NDF digestibility (R* =
0.10-0.27). Similar relationships were observed
for rumination per unit of DM and NDF intake.

Data obtained by sensors were compared with
the observations by Krpalkova et al. (2022). The aim
of their study was to identify associations between
RT and MY measurements using data collected
from 2 777 dairy cows on nine commercial dairy
farms in several European countries between 2017
and 2019. The database included behavioural and
daily MY data. Cows averaged (mean + standard
deviation) 2.7 + 1.6 lactations, 153 + 81 days in milk
and 23.2 + 7.5 kg/day MY during the observation
period. Krpalkova et al. (2022) concluded that high-
yielding cows may have better feed efficiency and/
or faster feed intake. This is consistent with previ-
ously published research. Behavioural data includ-
ed RT (504 + 93 min/day), FT (479 + 110 min/day),
rest time (360 + 94 min/day), and activity time (96 +
45 min/day). The coefficient of variation for RT
(min/day) was 18.5%. High-producing dairy cows
in early lactation achieved (P < 0.05) MY > 23 kg/day,
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RT 522 + 3.54 min/day and FT 457 + 4.69 min/
day. The study showed that more productive cows
spent a greater proportion of their time eating and
ruminating.

Juhas et al. (2019) aimed to evaluate the change
and interindividual stability of rumination char-
acteristics in dairy cattle after a change of TMR
composition between the first month after calving
(TMR1) and the fourth month after calving (TMR2).
RT of one cud of TMR2 was longer (TMRI1 = 54.0 +
8.2 s, TMR2 = 57.6 + 6.3 s) than that of TMR1 cud
(P < 0.001).

To complement the presented results, we pro-
vide an example of the application of FT and RT
measurements for herd management evaluated e.g.
by Codl et al. (2020). Evaluation of the parameters
obtained from Vitalimeter 5P was performed on
719 dairy cows within one farm. Data collection
lasted one year. A detailed evaluation by the GLM
procedure was used. Parity, season of the year and
animal genetics had a significant effect on the FT,
RT, increased activity and the sum of activities.
Within the effect of parity, a certain discrepancy
was evident when the longest FT was observed
in the first parity cows (293 min/day), while the lon-
gest RT was measured in the 3™ (485 min/day), 4"
and other parity cows (482 min/day). The lowest
values were recorded in the exactly opposite ways,
namely the lowest FT in older cows and the lowest
RT in the youngest cows. In terms of the season,
differences were noted in summer FT and RT com-
pared to the rest of the year.

In the middle of the experiment, TMRs were ex-
changed abruptly between the groups. This decision
was based on the research findings of Schingoethe
(2017). They imply that abrupt changes in TMR
composition may result in reduced feed intake or
milk production, but this effect does not always
occur, especially if the dietary changes are not fun-
damental.

As expected, in group A the change from TMR
with straw to fine TMR-C resulted in a reduction
in feeding time, whereas in group B the change
from TMR-C to coarse TMR-S led to an increase
in feeding time. When measuring the feeding time,
the differences between groups based on the data
from feed troughs were even more pronounced
than those based on the sensors in the collar data.

Rumination time increased gradually with ongo-
ing lactation in the first part of the experiment.
After the transition from TMR-C to TMR-S in
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group A, the rumination time increased, while
in group B it decreased after the transition from
TMR-S to TMR-C. After one week, the rumination
time of both groups of cows equalized and remained
stable until the end of the experiment.

Indicators of cow health and welfare

The values of rumen fluid pH and acids in seven
selected dairy cows from each group are given
in Table 7. The pH, DM and starch content of the
faecal solids are shown in Table 8.

Deviations from the physiological state are
evaluated clinically and by using selected param-
eters from the examination of rumen fluid, faeces
and milk. As regards the addition of sensor data
for the measurement of feeding and rumination
time, the measurement of parameters in rumen
fluid or faeces is rarely reported in the litera-
ture. An example is the meta-analysis by Souza
et al. (2022). This meta-analysis provides baseline
data for comparison with our inputs and results.
According to it, for example, the mean rumen pH
was 6.1 (range: 5.3-7.0) in 292 treatments report-
ing the observation.

In the study presented here, no statistically signif-
icant differences were found between TMR-C and
TMR-S in terms of acid content and ratio. The ru-
men fluid pH values (6.09 and 5.99 for TMR-C and
TMR-S, respectively) indicate that they were on
average higher than the critical value (pH 5.8) re-
ported by, for example, Valente et al. (2017) for the
development of subclinical acidosis.

According to the records from the smaXtec
ruminal sensors, which measured the rumen pH
of one cow per group, the pH value often (in about
one quarter of the cases) decreased below 5.8, i.e.,
according to Valente et al. (2017), below the risk
threshold for subacute ruminal acidosis (SARA).
At the same time, the cows coped with this decrease
in pH quite quickly (e.g., the cow drank and thus
the rumen contents became diluted). On average,
rumen pH was 5.91 £ 0.27 with TMR-C and 5.83
+ 0.26 with TMR-S. The more important infor-
mation is the percentage of the time when rumen
pH was below 5.8: 6.82% with TMR-C and 17.72%
with TMR-S (data are not presented in table).
Monitoring rumen acidity with pH ruminal sen-
sors is an important contribution to understanding
what happens in the rumen.
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Table 7. Rumen fluid values of selected dairy cows according to total mixed ration or group

. TMR Group P-value

Indicator SEM

C S A B TMR group
pH 6.09 5.99 5.97 6.11 0.09 0.462 0.273
SD 0.33 0.32 0.41 0.20 - - -
Total acids (mM) 135 138 139 134 3.73 0.618 0.416
SD 13.9 13.5 16.8 9.2 - - -
Lactic acid (mol%) 0.57 0.62 0.61 0.59 0.02 0.089 0.428
SD 0.10 0.04 0.09 0.06 - - -
Acetic acid (mol%) 62.7 63.0 61.8 63.9 0.38 0.480 0.001
SD 1.43 2.73 1.95 1.81 - - -
Propionic acid (mol%) 20.3 20.4 20.8 19.9 0.32 0.898 0.062
SD 1.20 1.83 1.68 1.24 - - -
Butyric acid (mol%) 16.5 159 16.8 15.6 0.27 0.156 0.005
SD 1.24 1.18 1.21 0.93 - - -
Valeric acid (mol%) 0.53 0.57 0.54 0.57 0.02 0.280 0.392
SD 0.09 0.07 0.10 0.07 - - -
NH; (mg N/100 g) 12.2 12.3 12.2 12.3 0.31 0.848 0.774
SD 0.95 1.34 1.43 0.80 - - -

N = nitrogen; NH3 = ammonia; SD = standard deviation; TMR-C = control total mixed ration; TMR-S = experimental

total mixed ration with straw

Not only the pH values in the faeces indicated
that dairy cows had problems with acidification
of the digestive tract. The starch content also in-
dicated that the digestion of the cows was standard
in both groups and with both TMRs. The knowl-
edge of faecal starch levels is useful for monitoring
TMR digestibility, especially when changing TMR
composition abruptly. Faecal starch content of up
to 30 g/kg DM can be considered optimal and be-
tween 30 and 50 g/kg DM normal. Increasing total
tract starch digestibility can increase milk produc-

Table 8. Faecal values from selected dairy cows accord-
ing to total mixed ration or group

Indicator TMR Group P-value
C S A B TMR group
pH 6.73 6.69 6.71 6.72 0.02 0.114 0.904
SD 0.11 0.09 0.11 0.09 - - -
DM (g/kg) 149 150 154 145 4.24 0.797 0.126
SD 189 126 101 192 - - -
Starch (g/kg DM) 32.2 322 325 319 0.59 0.980 0.494
SD 226 212 171 255 - - -

DM = dry matter; SD = standard deviation; TMR-C = con-
trol total mixed ration; TMR-S = experimental total mixed

ration with straw

118

tion, milk protein content and overall TMR effi-
ciency (Fredin et al. 2014).

Indicators of the health and well-being of dairy
cows are also closely related to rumen fluid and faecal
values. A review of health-associated traits in current
dairy cattle breeding was published by Zavadilova
et al. (2021). The review focuses on breeding prac-
tices aimed at improving resistance to diseases and
health disorders that are associated with better effi-
ciency, welfare and longevity of cows. Cow health is
essential because of its effect on the farm economy,
animal welfare and food safety. Enhancing cow health
is possible by changing environmental conditions and
improving management and genetics.

Throughout the experiment (42 days), no major
diseases (or signs of rumen acid-base disturbances)
occurred in the dairy cows that could have negative-
ly affected the results of the experiment. No cows
were treated by a veterinarian or removed from
the trial. The same number of cows was present
at the beginning and at the end of the experiment.

Milk performance parameters

Data on the average quantity of milk and its main
quality parameters (fat and protein content) from
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AfiFarm sensors are presented in Table 9. The milk
quality indicators analysed in the laboratory are
shown in Table 10. The chart of correlations be-
tween the AfiFarm sensor data and the laboratory
milk control is given in Table 4.

Laboratory milk analyses showed that cows fed
TMR-C had more urea (26.6 vs. 22.7 mg/100 ml)
and FFA (0.87 vs. 0.33 mmol/100 g) in their milk.
The comparison of urea and fatty acids in Holstein
cows with SARA was the focus of a study by Kara
(2020). The study showed that dairy cows with
lower milk urea nitrogen and milk fatty acids were
more likely to develop SARA. This is consistent
with our results where both rumen fluid pH and

Table 9. Values from AfiFarm sensors at mid-trial total
mixed ration change according to total mixed ration and

group

Indicator TMR Group SEM P-value
C S A B TMR group
MY (kg/day) 44.3 43.4 44.7 43.0 1.15 0.569 0.306
SD 793 736 825 693 - - -
Fat (%) 317 319 313 323 0.08 0.857 0.397
SD 050 049 053 046 - - -
Protein (%) 2.59 2.62 261 261 0.02 0.320 0.943
SD 013 013 013 013 - - -

MY = milk yield; SD = standard deviation; TMR-C = con-
trol total mixed ration; TMR-S = experimental total mixed

ration with straw
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pH measured by smaXtec sensors were higher
in TMR-C cows than in TMR-S cows.

According to Prion and Haerling (2014), TMR
intake showed a moderate correlation with MY
(r=0.55); MY was negatively correlated (r = —0.46)
with milk fat content; milk fat content was corre-
lated with protein content (» = 0.63); and fat and
protein contents measured by the sensors were
correlated with those measured in the laboratory
(r = 0.47 and r = 0.42, respectively). These data
are fully consistent with the hypotheses that the
authors of the present study formulated before
planning the experiment and also consistent with
data from the literature, e.g., Polakova et al. (2010).

Identifying the association of cow feeding be-
haviour with MY is important to support the rec-
ommendation of strategies that optimize MY
(Krpalkova et al. 2022). The behavioural differences
observed in this study provide new insights into
the effects of RT and FT on MY. MY was positive-
ly correlated with RT in early- and mid-lactation
dairy cows with correlation coefficients of 0.24
(P <0.001) and 0.25 (P < 0.001), respectively. High-
producing dairy cows in early lactation achieved
(P < 0.05) MY = 23 kg/day.

Stone et al. (2017) reported a weak correla-
tion (r = 0.22) between RT and daily MY. There
was a negligible correlation (r = 0.17) between RT
and MY in the study by Codl et al. (2020).

According to the meta-analysis by Souza et al.
(2022), MY averaged 34.3 kg/day (range: 14.2-52.1)

Table 10. Milk quality indicators analysed in the laboratory according to total mixed ration and group

) TMR Group P-value

Indicator SEM

C S A B TMR group
Fat (g/100 g) 3.52 3.24 3.38 3.39 0.13 0.132 0.954
SD 0.82 0.70 0.83 0.72 - - -
Protein (g/100 g) 3.22 3.27 3.23 3.26 0.05 0.497 0.662
SD 0.28 0.33 0.29 0.32 - - -
Lactose (g/100 g) 4.99 5.03 5.04 4.99 0.03 0.344 0.283
SD 0.19 0.18 0.18 0.18 - - -
Casein (g/100 g) 2.50 3.68 3.08 3.11 0.55 0.137 0.970
SD 0.25 4.62 3.26 3.39 - - -
Urea (mg/100 ml) 26.6 22.7 24.6 24.7 0.84 0.002 0.907
SD 5.43 4.48 5.45 5.25 - - -
FFA (mmol/100 g) 0.87 0.33 0.64 0.56 0.05 0.001 0.290
SD 0.33 0.29 0.42 0.41 - - -

FFA = free fatty acids; SD = standard deviation; TMR-C = control total mixed ration; TMR-S = experimental total mixed

ration with straw
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and milk fat averaged 3.47% (range 2.20-4.60). Dry
matter intake averaged 23.1 kg/day (range: 15.3—
32.6). Mean rumen pH was 6.1 (range: 5.3-7.0)
in 292 treatments reporting the observation. These
are the baseline data for comparison with our inputs
and results. The conclusion from the meta-analysis
by Souza et al. (2022) was that RT was related to MY,
milk fat yield and concentration, rumen pH, NDF
intake and total tract digestibility. Milk fat yield
was maximal at RT of 494 min/day with no additional
benefit of increased RT. In a multivariate analysis,
a set of variables explained 37% of RT. Overall, RT
was mostly associated with milk fat. However, the re-
lationship was only moderate in overall strength,
suggesting that rumination is not the only factor im-
portant for optimal and stable ruminal fermentation,
and therefore factors other than ruminal fermenta-
tion influence the milk fat production.

CONCLUSION

This study evaluated different PLF technol-
ogy from several other studies, but the results
are similar, suggesting that the technology works
in a similar way. There were only weak correla-
tions between the two technologies (TFT vs. VSC)
(r=0.27). Correlations between the PLF technolo-
gies in the milking parlour and the control mea-
surements in the laboratory were moderately high.
This is consistent with most other studies, although
some studies published higher correlations (how-
ever, most were correlations between VSC and be-
havioural observation data).

Replacing 0.1 kg of sodium bicarbonate in TMR-C
by one kg of wheat straw in TMR-S to improve ru-
men acid-base ratios in dairy cows did not sig-
nificantly affect the time of feeding or rumination
as measured by VSC. Only FT showed the ex-
pected trend to be longer in TMR-S because there
was more fibre supplied through straw in this TMR.
The increased fibre content in TMR-S caused other
expected effects, namely that cows fed TMR-S had
lower levels of urea and free fatty acids in milk com-
pared to TMR-C.

The TMR intake correlated moderately (+ 0.36
to £ 0.67) with milk yield; this correlation was pos-
itive. Milk yield negatively correlated with milk
fat content. The fat and protein content, as mea-
sured by the sensors at a milking parlour, correlated
with that measured in the laboratory.
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From the above, further research in this area
is recommended. The validation of selected PLF
methods for nutrition and feeding management
of high-yielding Holstein dairy cows is necessary.
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