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PAPER

Application of a NIR device for precision feeding in dairy farms: effect on
metabolic conditions and milk production

Fiorenzo Piccioli-Cappellia , Ferdinando Calegarib, Luigi Calamari† , Paolo Bania and
Andrea Minutia

aDipartimento di Scienze Animali, della Nutrizione e degli Alimenti (DIANA), Facolt�a di Scienze Agrarie, Alimentari e Ambientali,
Universit�a Cattolica del Sacro Cuore, Piacenza, Italy; bCRAST, Centro Ricerca Analisi geoSpaziale e Telerilevamento, Facolt�a di Scienze
Agrarie, Alimentari e Ambientali, Catholic University of the Sacred Heart, Piacenza, Italy

ABSTRACT
Forages dry matter (DM) could vary among batches and in particular when silages are fed.
These variations could modify nutrients composition of total mixed ration and affect cows per-
formance. The aim of this study was to evaluate the effect of application of a precision feeding
system (PFS) based on a near infra-red scanner, on metabolic conditions and milk yield in lactat-
ing dairy cows. The study was performed in 7 farms where PFS was installed on feed mixer to
perform a weight-adjustment of DM measured in real time on feeds. A cross-over (14 weeks
periods) was applied, PFS was switched on (PF-ON) in three herds and off in the other four (PF-
OFF) during 1st period, and vice versa in 2nd period. At the end of two periods, in each herd 7
early and 7 mid lactation cows, for a total of 196 cows, were checked for: blood parameters,
milk yield and composition. During the study deviation of DM of target diet (calculated on
amount of feed in recipe and applying the DM determined in laboratory) and diets really distrib-
uted to cows tended to be lower with PF-ON vs. PF-OFF (0.06 vs 0.12 kg, p¼ .12). In early lactat-
ing cows, lower blood urea (4.63 vs 4.88mmol/L, p¼ .115) indicated a better feed protein
utilisation in PF-ON vs. PF-OFF. Milk yield and composition were not affected. The use of PFS
meliorated the consistency of TMR, which could determine a better efficiency of nutrients utilisa-
tion and a reduction of production costs.

HIGHLIGHTS

� Near infra-red (NIR) technology can be advantageously applied at farm level within a preci-
sion feeding system for dairy cows.

� The system allowed a more constant daily supply of nutrients with a reduction of metabolic
alterations and a higher efficiency of feed protein utilisation.

� Utilization of NIR technology at farm level can be economically sustainable.
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Introduction

Economic and environmental sustainability is the key for
animal breeding success (Babinszky and Halas 2009).
Thus, to achieve these goals the nutrient availability
should not limit animal’s welfare and performance (N€a€as
2001). Consequently, it becomes compulsory the use of
a precise matrix for both animal nutrient requirement
and nutrient content of the feeds (Banhazi et al. 2012).
In practice this is difficult to apply, due to the variability
of animals within a herd and to the variability of feeds
composition within a batch. Precision feeding aim to

answer to these needs by the use of new devices, which
allow to finely match nutritional animal requirement and
feeds characteristics.

The nutrient concentrations in feedstuffs are char-
acterised by large variability even over short periods
of time (Weiss et al. 2012), causing variations in nutri-
ent composition of the total mixed ration (TMR). These
variations may affect health and yields of dairy cows,
including incidence of displaced abomasum and fluc-
tuations in average daily milk yield (Stone 2008), with
consequences on farm profitability and sustainability
(Fadel et al. 2006; Kohn 2006).
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Diets for dairy cows are formulated on a DM basis,
while in practice, individual feeds are included in the
TMR on an as-fed basis. In their survey, Shaver and
Kaiser (2004) found that forage in diets for high-yield-
ing cows ranged from 45 to 53% (DM basis) and corn
silage was comprised of 41–68% (DM basis), thus its
moisture variation could strongly influence the nutri-
tional content of the diet. Weiss et al. (2012) observed
large variability in DM concentration of alfalfa and
corn silage in samples collected within farms in both
long-term and short-term periods. The variability of
moisture content of wet feeds (mainly silages) directly
influences the amount of DM and its nutrient compos-
ition. Furthermore, the variability of the DM content of
TMR modifies the palatability and affects the sorting
of ingredients (Leonardi et al. 2005; Eastridge 2006),
generating additional variability on dry matter and
nutrient intake, and increasing individual nutrient
imbalance. The consequence could be a different fer-
mentable energy intake, which in turn has been
observed to alter milk cheese-making features
(Calamari et al. 2010). Moreover, this aspect could
occur more often when diets are largely based on
silages, and this could be the case of the diets fed to
cows of the farms producing milk for Grana Padano
cheese, the main PDO of the Po river valley, which
represents the largest plain area of Northern Italy. In
fact, in farms that deliver milk for the production of
Grana Padano cheese, the corn silage is the mainstay
forage base, and on average the amount included in
the ration for lactating cows is 23 kg/head per day
(Mantovi et al. 2015), while, other silage (Lolium sp.,
Sorghum, Triticale, Wheat) are included in smaller
amount (Mantovi et al. 2015).

To improve the TMR consistency, different strat-
egies have been proposed (Weiss and St-Pierre 2009),
and the most recent is a system based on a near
infra-red (NIR) scanner (Barbi et al. 2010). The NIR
Analyzer mounted on the scraper of the front miller
performs a real-time NIR dry matter analysis of each
ingredient and adapts their load from the as-fed to
the dry matter weight, then ameliorating the TMR
consistency, maintaining more constant the amount of
distributed DM and the nutritional characteristics of
TMR. A TMR as close as possible to the theoretical
value should aid to reduce the metabolic disorders,
crucial aspect for dairy cow in early lactation, which is
its most critical phase. Therefore, the aim of the
research was to evaluate the application in commer-
cial farms of a precision feeding system on metabolic
conditions and milk yield of lactating dairy cows.

Materials and methods

Animal and management

The research protocol and the animal care were in
accordance with the Directive 2010/63/EU of the
European Parliament and of the Council of September
22, 2010, on the protection of animals used for scien-
tific purposes.

The current study was carried out on 7 dairy farms
in Po Valley (Mantova and Brescia province). Their
herd sizes were 110, 330, 600, 320, 210, 150, and 230
(herds A, B, C, D, E, F, and G respectively) adult cows,
all of Holstein Friesian breed. The herds were repre-
sentative of the typical herds of the Grana Padano
area and were willing to participate in this study. All
herds were in freestall barn and the lactating cows
were kept in one pen and were fed TMR once a day
in the morning. To ensure cows had ad libitum access
to the TMR, the amount offered to the cows was
assessed on a daily basis with the aim of producing
from 3 to 8% refusal. Cows were milked twice daily
(0300–0500 and 1500–1700 h).

All the herds involved in the trial were equipped
with the dg precisionFEEDINGTM (Dinamica Generale,
s.p.a., Mantova, ITALY), installed on the TMR wagon.
The kit was constituted by: (1) DTMTM software for
feeding management. It provided a full control on
ingredients inventory; (2) Top Scale Indicator, a micro-
computer installed on TMR wagon. It provided the
sequence of loading of single feed, the record of
the loading process and the adjustment of the load of
single feed on the basis of their moisture to respect
the target DM weight; (3) a NIR scanner (IRMTM FM).
The IRM NIR Analyzer was mounted on the scraper of
the front miller and performed a real-time NIR dry
matter analysis of each ingredient.

The dg precisionFEEDINGTM (PFS) was installed in
autumn 2014 on the TMR wagon in each herd
involved in the trial. After a period of training (pre-
experimental period), the experimental period started
at the beginning of February 2015. The experimental
design was a cross-over, consisting of two consecutive
periods of 14 weeks each (Table 1). The system was
switched ON/OFF and OFF/ON between the two peri-
ods in each herd. In all herds and during both periods
the PFS measured daily the DM of each silage loaded
in the TMR wagon and, when the system was OFF no
correction on the amount of silages to be loaded was
applied by the system (PF-OFF). Conversely, when the
system was ON, the system suggested to the operator
a correction of the amount of silages to be loaded
according to their DM (PF-ON).
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At the end of each experimental period in every
herd, 14 lactating multiparous dairy cows: 7 cows at
30–90 DIM and 7 at 150–220 DIM on sampling day
and declared healthy by vets of the herds, were
selected and checked for afternoon milk yield and
composition, and the following morning, before TMR
distribution, blood samples from jugular vein were
withdrawn in tubes with Li-heparin as anticoagulant
for metabolic profile determination. Just after blood
sampling faeces samples have been collected. Cows
checked at the end of the two experimental periods
were different, i.e. early lactating cows checked in the
first period were not checked as mid-lactating in
the second.

Feed and diets sampling and analyses

Representative samples of forages, concentrate mix-
tures, and TMR were collected on days 0, 49 and 98 of
each period for a total of 6 samples for each feed in
each farm. DM was measured after oven drying at
65 �C till constant weight. After grinding, samples
were analysed for crude protein (CP; 992.23, AOAC,
2005), ash (942.05, AOAC 2005), starch (996.11, AOAC
2005, using a K-TSTA assay kit, Megazyme
International, Bray, Ireland). Neutral detergent fibre
(NDF) and non-fibrous carbohydrates (NFC) were
determined according to Van Soest et al. (1991).
Representative silages samples were also collected
every month to measure moisture, which was used to
update the recipe diet. The amount of each feed dis-
tributed to all lactating cows was recorded daily. At
the end of the experimental period, for calculations
and comparisons, the DM distributed to cows and the
chemical characteristics of the TMR were calculated
following three methods: (1) target diet (TD): calcu-
lated according to the amount of feeds in the recipe,
and applying the DM determined in laboratory. The
TD was used as reference diet and compared to the 2

following diets; (2) real diet (RD): calculated using the
amount of each feed effectively loaded in the TMR
wagon, and applying the DM of silages measured by
the PFS; (3) real diet without operator error (RDWOE):
retrospectively, elaborating the data obtained by PFS,
loads of dry feeds different from target diet have been
observed. These differences confounded the correction
operated by the PFS, so to bring out the effect of PFS,
RDWOE diets were calculated keeping fixed the
amount of dry feeds (hays and concentrates) accord-
ing to the recipe, using the amount of each wet feed
(silages) effectively loaded in the TMR wagon, and
applying the DM of silages measured by the PFS.

The DM delivered and the characteristics of the
three diets, as well as the deviation among TD (used
as reference diet) with RD and RDWOE, have been cal-
culated daily. In all these calculations orts have not
been considered.

Blood sampling and analyses

Blood samples were collected from the jugular vein in
10-mL Li-heparin tubes (Vacuette, containing 18 IU of
Li-heparin mL-1, Kremsm€unster, Austria) before the
diet distribution, and immediately placed in an ice-
water bath. A small amount of blood was used for
haematocrit (Packed Cell Volume; PCV) determination
in a capillary tube after high-speed centrifugation
(15,000� g for 10min at room temperature). The
remaining blood was centrifuged (3500� g for 16min
at 4 �C) and the plasma was separated into several ali-
quots for storage at �20 �C until further analysis.
Plasma metabolites were analysed at 37 �C by auto-
mated clinical analyser (ILAB 600, Instrumentation
Laboratory, Lexington, MA). Kits purchased from IL
(Instrumentation Laboratory, Lexington, MA) were
used to measure glucose, total cholesterol, calcium,
inorganic phosphorus, magnesium, total protein, albu-
min, and total bilirubin with colorimetric methods,
urea with enzymatic method, while zinc was deter-
mined colorimetrically using a kit purchased Wako
(Wako, Chemicals GmbH, Neuss, Germany). Kinetic
analysis was used to determine activity of alkaline
phosphatase (AP, EC 3.1.3.1), aspartate aminotransfer-
ase (AST, EC 2.6.1.1), c-glutamyltransferase (GGT, EC
2.3.2.2) using commercial kits (Instrumentation
Laboratory, Lexington, MA). Ceruloplasmin (Cp) and
haptoglobin were determined with reagents prepared
according to the methods reported by Calamari
et al. (2016a).

Table 1. Experimental design.

Period Oct Nov Dec Jan Feb / Mar / Apr
May / Jun

/ Jul

herd
A Inst Train Pre PF-OFF PF-ON
B Inst Train Pre PF-ON PF-OFF
C Inst Train Pre PF-OFF PF-ON
D Inst Train Pre PF-ON PF-OFF
E Inst Train Pre PF-ON PF-OFF
F Inst Train Pre PF-OFF PF-ON
G Inst Train Pre PF-OFF PF-ON

Inst: precision feeding system installation; Train: training; Pre: pre-experi-
mental period; PF-ON: PFS enabled, with adjustment of silage loaded in
the TMR wagon according to the difference between the reference DM
and the DM read by NIR system installed on the TMR wagon; PF-OFF:
PFS disabled.
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Animals inspection

After blood collection the animals were exteriorly
examined according to the Integrated Diagnostic
System Welfare (Calamari and Bertoni 2009) to evalu-
ate effect of treatment on animal welfare. During the
examination the following scores were evaluated:

� cleanliness score (with scale from 1 to 5), observed
in five anatomical areas (thigh, anogenital, foot-
hock, rear-udder, lateral udder);

� teat score (with scale from 1 to 5);
� hoof and leg score (with scale from 1 to 5);
� body condition score (with scale from 1 to 4;

ADAS 1986).

Fecal sampling and analyses

Fecal sample was collected from the rectal ampulla,
after blood sampling. Immediately after collection, the
samples were delivered to the laboratory and after the
measure of pH (potentiometric method) the DM con-
tent was determined in a ventilated oven at 65 �C. For
volatile fatty acids (VFA) analysis, 10 g of fresh faecal
sample were added with 90mL of distilled water and
homogenised for 2min at normal speed, in a
Stomacher (Seward StomacherVR 400 Circulator,
International PBI, Milano). The homogenates were
stored in aliquots at �20 �C until analysis. The VFA
were analysed by gas chromatography using the
method described by Minuti et al. (2014).

Milk sampling and analyses

Representative milk samples were collected during the
p.m. milking on the day before blood samples collec-
tion and immediately delivered to the laboratory. The
analyses were performed on fresh samples. Fat, pro-
tein, lactose, and casein were determined using infra-
red instrumentation (MilkoScan FT 120, Foss Electric,
Hillerod, Denmark). Titratable acidity was also

measured with MilkoScan FT 120 by using internal
prediction model (Calamari et al. 2016b). Somatic cell
count was measured using optofluorometric method
(Fossomatic 5000, Foss Electric). Rennet coagulation
properties (RCT: rennet clotting time, k20: curd firming
rate, and a30: curd firmness) were measured using a
computerised renneting metre (Foss Electric), where
12mL of milk were heated to 35 �C, and 240lL of ren-
net (Hansen standard 190 with 63% chymosin and 37%
pepsin, Pacovis Amrein AG, Bern, Switzerland) diluted
to 1.6% (wt/wt) in distilled water was added to milk.

Data processing and statistical analysis

The daily amount of milk delivered to cheese factory
by each herd was used to calculate milk production
on a weekly basis. The feeding cost was calculated on
a weekly basis by using the amount of all feeds deliv-
ered daily to all lactating and dry cows. The calcula-
tion was performed applying a market price for each
feed type, and maintaining constant these prices in all
herds and throughout the time. The feeding cost per
kg of milk was then calculated on a weekly basis, uti-
lising the daily amount of milk delivered to cheese
factory calculated always on a weekly basis.

All statistical analyses were performed using the
statistical software package SAS 9.2 (SAS Inst. Inc.,
Cary, NC). Data were tested for non-normality by the
Shapiro–Wilk test (SAS Inst. Inc.). In case of non-nor-
mality, parameters were normalised by log or expo-
nential transformation. The blood and milk results
from the 196 samples collected (at the end of the 2
periods, 7 cows for 2 stages of lactation, for 7 farms
have been sampled) were analysed with ANOVA using
a mixed model (MIXED procedure of SAS, SAS Inst.
Inc.). The model included the effect of the precision
feeding system (PFS) (2 levels: PF-ON and PF-OFF), lac-
tation phase (LP) (2 levels: early and mid-lactation),
period (2 levels), the interaction between PFS� LP and
PFS� period and herd (7 levels), which was considered
as subject for repeated measure. For each treatment,

Table 2. Composition (mean and SD, expressed as DM) and main nutrient characteristics of TMRs used during
the trial.

Diets composition Diet characteristics

Silages Corn silage Ground grain corn silage Hay Concentrate Crude protein NFC Starch NDF
Herd % of total DM % of silages DM % of silage DM % of total DM % of total DM % DM % DM % DM % DM

A 22.49 ± 1.15 100 – 19.29 ± 0.50 59.21 ± 0.75 16.07 43.5 27.20 29.46
B 36.38 ± 3.72 82.45 ± 15.40 17.55 ± 3.94 21.70 ± 0.60 41.91 ± 3.56 15.92 44.1 25.32 28.99
C 44.91 ± 6.67 73.27 ± 12.83 5.55 ± 2.38 1.58 ± 1.00 53.51 ± 7.43 16.41 40.5 27.90 32.09
D 44.48 ± 2.60 88.99 ± 9.67 11.00 ± 2.06 11.96 ± 0.84 46.55 ± 2.34 15.92 44.1 25.32 28.99
E 41.83 ± 2.93 68.16 ± 2.39 – 16.23 ± 0.81 41.94 ± 2.12 15.78 41.5 23.95 31.70
F 42.71 ± 1.88 65.06 ± 8.84 34.94 ± 8.84 25.63 ± 2.27 31.66 ± 2.30 16.88 41.2 25.89 30.89
G 23.96 ± 3.90 90.34 ± 17.28 – 20.10 ± 4.77 55.93 ± 3.55 16.81 41.8 21.82 30.43

NFC: Non-Fiber Carbohydrates; NDF: Neutral Detergent Fiber.
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least squares means were computed, and preplanned
pairwise comparisons (PDIFF option, SAS Inst. Inc.)
were conducted when the F-test of one of the main
factors (PFS, LP, and their interaction) was lower of
0.10. Statistical significance was designated as p< .05
and tendencies were declared at p< .10.

Diet evaluations and feeding cost were processed
with repeated-measures ANOVA using a mixed model
(MIXED procedure; SAS Inst. Inc.). The model included
the effect of PFS (2 levels: PF-OFF and PF-ON), period
(2 levels), week (14 levels), interaction PFS�week and
herd (7 levels), which was considered as subject for
repeated measure. The analysis was carried out using
3 covariance structures: autoregressive order, com-
pound symmetry, and spatial power. These were
ranked according to their Akaike and Schwarz
Bayesian information criteria, with the one having the
least information criterion value being eventually
chosen (Littell et al. 1998). For each treatment, least

squares means were computed, and comparison
between PF-ON and PF-OFF in each week (PDIFF
option, SAS Inst. Inc.) was conducted when the F-test
of one of the main factors (PFS or interaction of PFS
with week) was lower than 0.10.

Results

The trial was carried out in herds located in the area
of Grana Padano cheese and the diet of lactating
cows was based on corn silages in all herds (Table 2).
Actual inclusion of DM (determined in laboratory)
from silage, mainly corn silage, expressed on total DM
of TMR ranged from 22% as average value in herd A
to 45% in herd C.

The CP concentration of the TMR samples collected
during the trial was on average 16.3% DM, ranging
among herds between 15.8 and 16.9% DM (Table 2).
The starch concentration of lactating TMR was on

Table 3. Mean differences of DM distributed daily and of its content (%) of crude protein (CP), NDF and
starch as consequence of the variability in the DM content of silagesa.

Without operator errord

PF-OFFb PF-ONc SEM5 p-value
PF-OFFb PF-ONc SEMe p-value

Parameter PFSf PFS�WKg PFSf PFS�WKg

DM (kg/d) 0.070 0.100 0.046 NS 0.003 0.120 0.060 0.026 .136 .008
CP (% DM) �0.050 �0.060 0.029 NS 0.015 �0.070 �0.040 0.025 .107 .029
NDF (% DM) 0.003 0.010 0.044 NS 0.027 0.004 �0.020 0.029 NS .011
Starch (% DM) �0.010 0.010 0.021 NS NS 0.020 0.020 0.016 NS NS

NDF: Neutral Detergent Fiber.
aCalculated subtracting to the DM (kg/head d) of target diet (calculated keeping fixed the amount of single ingredient accord-
ing to the recipe and applying the DM determined in laboratory) the DM of real diet (calculated using the amount of each
feed effectively loaded in the TMR wagon and applying the DM of feeds measured by the PFS).
bPF-OFF: the PFS measured the DM of each silage loaded in the TMR wagon but did not suggest variation on the amount of
silages to be loaded according their DM.

cPF-ON: the PFS measured the DM of each silage loaded in the TMR wagon and the system suggested the amount of silages
to be loaded.
dwithout operator error. Deviations observed between the DM (kg/head d) of target diet and DM of real diet and corrected
for the error of operator in the loads of dry feeds.

ehighest SEM
fp values of PFS effect (PF-OFF vs. PF-ON);
gp values of interaction between PFS and period (week).

Table 4. Difference of DM (kg/head d – in brackets calculated as %) of real diet with or without operator
error respect to target diet as consequence of the variability in the DM content of silagesa.

without operator errord

PF-OFFb PF-ONc PF-OFFb PF-ONc

Min �2.04 (90.2) �1.36 (94.2) �2.49 (88.0) �1.50 (93.6)
5th percentile �0.65 (97.0) �0.08 (99.7) �0.88 (96.0) �0.28 (98.8)
95th percentile 2.11 (109.8) 1.55 (105.8) 1.54 (107.0) 0.36 (101.5)
Max 3.83 (118.7) 3.50 (113.6) 3.41 (116.6) 2.19 (108.5)
aCalculated subtracting to the DM (kg/head d) of target diet (calculated keeping fixed the amount of single ingredient accord-
ing to the recipe and applying the DM determined in laboratory) the DM of real diet (calculated using the amount of each
feed effectively loaded in the TMR wagon and applying the DM of feeds measured by the PFS).
bPF-OFF: the PFS measured the DM of each silage loaded in the TMR wagon but did not suggest variation on the amount of
silages to be loaded according their DM.

cPF-ON: the PFS measured the DM of each silage loaded in the TMR wagon and the system suggested the amount of silages
to be loaded.
dWithout operator error. Deviations observed between the DM (kg/head d) of target diet and DM of real diet but corrected
for the error of operator in the loads of dry feeds.
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average 25.3% DM (Table 2), ranging among herds
between 21.8 and 27.9% DM. The NDF concentration
of lactating TMR was on average 30.4% DM (Table 2),
ranging among herds between 29.0 and 32.1% DM.

The deviations among the DM of the target diet
(TD) and the DM delivered with real diet (RD), or retro-
spectively calculated without the operator error
(RDWOE) are shown in Table 3. Average difference
between DM of RD and TD did not differ when PFS
was used (PF-ON) or not (PF-OFF), but tended to be
more closed to target value with PF-ON when the
operator errors (RDWOE) were computed (Table 3).
With regard to nutrient content, only percentage of
crude protein tended to be different between PF-OFF
and PF-ON, but also in this case only in RDWOE, with
lower value (so more close to TD) with PF-ON.
Moreover, the absolute difference between the CP
content, between RD and TD TMR, was on average
4.2% and 5.5% of the CP of TD, with the PF-ON and
PF-OFF, respectively. No significant difference between
PF-ON and PF-OFF were observed for the content of
diets in NDF and starch. With the PF-OFF (no correc-
tion of amount of silages to be loaded according to
silages DM content measured with NIR), the DM effect-
ively delivered ranged between 97% (5th percentile)
and 109.8% (95th percentile) of the DM of TD (Table 4).

With the PF-ON the DM delivered was closer to the DM
of the TD (from 99.7 to 105.7%, 5th percentile and 95th
percentile, respectively). However, an asymmetrical dis-
tribution around the DM of the TD was observed, with
majority of greater values than lower values respect to
the DM of the TD. In Table 4 is also reported the vari-
ability of the DM delivered daily without operator error
(RDWOE). These values better highlight the effect of the
system in order to maintain constant the DM effectively
distributed. With the PF-ON the values of DM delivered
daily and calculated with this approach was very close
to the TD (from 98.8 to 101.5%, 5th percentile and 95th
percentile respectively), meanwhile a greater variability
was observed with PF-OFF (from 96 to 107.0%, 5th per-
centile and 95th percentile respectively). The wide vari-
ability of DM delivered during the study and its
reduction with PF-ON, could explain the significative
interaction PFS�WK reported in Table 3.

The variability of the content of DM in silages
affected the DM effectively loaded in the TMR wagon,
and consequently influenced the moisture of the TMR
and the concentration of the nutrient of the diet
effectively delivered. On average the moisture of the
TMR calculated daily for real diet (RD) was 46.1 ± 6.5%
(range 35.5 to 55.3%) and 47.8 ± 6.1% (range 37.4 to
55.1%) with PF-OFF and PF-ON, respectively.

Table 5. Plasma variables (Least Squares Means) observed in dairy cows fed TMR managed by using (PF-ON) or
not (PF-OFF) a precision feeding system.

p value

Parametera PF-OFFb PF-ONb SEMc PFSd LPe PFS x LPf

PCV, L/L 0.300 0.304 0.0028 NS < .001 NS
Glucose, mmol/L 4.020 4.060 0.0271 NS NS NS
Total cholesterol, mmol/L 5.460 5.670 0.1432 NS < .001 NS
Urea, mmol/L 4.880 4.630 0.1065 .115 .008 .074
Ca, mmol/L 2.470 2.540 0.0144 .004 NS .028
P, mmol/L 1.790 1.890 0.0319 .028 .001 NS
Mg, mmol/L 1.030 1.000 0.0109 NS NS NS
Na, mmol/L 143.000 143.500 0.2013 NS NS NS
K, mmol/L 4.130 4.110 0.0390 NS .089 NS
Cl, mmol/L 101.800 101.200 0.2322 .096 .008 NS
Zn, mmol/L 12.720 12.110 0.2096 .054 NS NS
Ceruloplasmin, mmol/L 3.700 3.800 0.0883 NS NS NS
Total protein, g/L 83.100 83.000 0.5827 NS NS NS
Albumin, g/L 35.980 35.870 0.2410 NS NS NS
Globulin, g/L 47.110 47.130 0.7190 NS NS NS
AST, U/L 104.000 101.000 2.7551 NS .028 .053
GGT, U/L 30.800 32.230 1.0179 NS < .001 NS
Total bilirubin, mmol/L 1.390 1.330 0.0608 NS < .001 NS
AP, U/L 46.980 51.060 1.6490 .101 NS NS
Haptoglobin, g/l 0.231 0.249 0.0324 NS NS NS

AST: Aspartate Aminotransferase; GGT: Gamma Glutamyl Transferase.
aPCV: Packed Cell Volume; AST: aspartate aminotransferase; GGT: c-glutamyltransferase; AP: alkaline phosphatase.
bThe precision feeding system (PFS) measured daily the DM of each silage loaded in the TMR wagon and did not suggest correction
on the amount of silages to be loaded (PF-OFF) or suggested the correction of the amount of silages to be loaded according the
result of their moisture (PF-ON);.

chighest SEM
dp values of PFS effect (PF-OFF vs. PF-ON)
ep values of lactation phase effect (early vs. mid-lactation)
fp values of interaction between PFS and lactation phase effects.
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The cows selected for blood sampling were in early
lactation (71 ± 22 and 64 ± 18 DIM with PF-ON and PF-
OFF, respectively) and in mid lactation (206 ± 35 and
193 ± 27 DIM with PF-ON and PF-OFF, respectively). A
significant effect of lactation phase (p¼ .008) and its

interaction with the precision feeding system (PFS)
effect (p¼ .07) was observed for plasma urea (Table 5).
Urea was lower (p< .05) with PF-ON vs. PF-OFF only in
early lactating cows (Figure 1(a)). Also total cholesterol
differed between PF-ON and PF-OFF only in early

Figure 1. Urea (a), total cholesterol (b), Ca (c), and Zn (d) in plasma of dairy cows fed TMR managed by using the precision feeding.
The precision feeding system measured daily the DM of each silage loaded in the TMR wagon and did not suggest correction on
the amount of silages to be loaded (PF-OFF) or suggested the correction of the amount of silages to be loaded according the result
of their DM (PF-ON). Values are least squares means, and vertical bars represent SEM. (a, b: p< .10; a, b: p< .05; A, B: p< .001).

Table 6. DM, pH, and VFA observed in samples of faeces collected from dairy cows fed TMR man-
aged by using (PF-ON) or not (PF-OFF) a precision feeding system.

p-value

Parameter PF-OFFa PF-ONa SEMb PFSc LPd PFS� LPe

DM, % 13.93 14.26 0.148 .137 NS NS
pH 6.07 6.09 0.020 NS NS NS
VFA, mmol/kg DM 619 603.40 0.023 NS NS NS
Acetic acid
mmol/kg DM 448.50 437.30 9.161 NS NS NS
mol% 68.20 69.30 0.829 NS NS NS

Propionic acid
mmol/kg DM 95.90 92.40 2.111 NS NS NS
mol% 15.50 15.30 0.131 NS NS NS

Butyric acid
mmol/kg DM 60.70 59.90 1.948 NS .037 .090
mol% 9.70 9.90 0.201 NS .035 .035

aThe precision feeding system (PFS) measured daily the DM of each silage loaded in the TMR wagon and did not
suggest correction on the amount of silages to be loaded (PF-OFF) or suggested the correction of the amount of
silages to be loaded according the result of their moisture (PF-ON).
bHighest SEM
cp values of PFS effect (PF-OFF vs. PF-ON)
dp values of lactation phase effect (early vs. mid-lactation)
ep values of interaction between PFS and lactation phase effects.
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lactating cows, with greater values (p< .10) with PF-
ON vs. PF-OFF (Figure 1(b)).

Among minerals a significant effect of PFS for Ca,
inorganic P, and Zn was observed (Table 5). In particu-
lar for Ca was observed a significant interaction
between PFS effect and lactation phase (p¼ .028),
with greater values with PF-ON vs. PF-OFF only in
early lactating cows (Figure 1(c)). Plasma Zn was
greater (p< .05) in PF-OFF compared with PF-ON only
in mid lactating cows (Figure 1(d)). Among the other
plasma variables, only AP showed a tendency (p¼ .10)
with greater values with PF-ON vs. PF-OFF.

Faecal characteristics were not affected by the PFS
(Table 6). Significant interaction between PFS and lac-
tation phase was observed only for butyric acid (C4).

In cows subjected to individual milk measurement,
only a slight and not significant increase in milk yield

was observed with PF-ON vs. PF-OFF (Table 7). The
main milk component changed according to the lacta-
tion phase, but neither effect of PFS nor its interaction
with lactation phase was observed, with the exception
of clotting features, with more favourable values in
PF-OFF: lower rennet clotting time (p< .05) and higher
curd firmness (p< .05).

Among the results obtained from the animal
inspection, only cleanliness showed a significant effect
of the PFS. The effect was not significant for the over-
all cleanliness score obtained from the aggregation of
the cleanliness score of each anatomical area (Figure
2(a)). Conversely, the score for some anatomical areas
significantly differed (Figure 2(b)). Cleaner area (i.e.
lower scores) were observed with PF-ON vs. PF-OFF
for thigh, anogenital area, and lateral udder (p< .05).
Cleaner foot-hock (p< .05) was conversely observed

Figure 2. Global (a) and specific (b) cleanliness score of anatomical areas in dairy cows fed TMR managed by using the precision
feeding. The precision feeding system measured daily the DM of each silage loaded in the TMR wagon and did not suggest cor-
rection on the amount of silages to be loaded (PF-OFF) or suggested the correction of the amount of silages to be loaded accord-
ing the result of their DM (PF-ON). Values are least squares means, and vertical bars represent SEM. (a, b: p< .05).

Table 7. Milk yield and milk characteristics (Least Squares Means) observed in dairy cows fed TMR
managed by using (PF-ON) or not (PF-OFF) a precision feeding system.

p-value

Parametera PF-OFFb PF-ONb SEMc PFSd LPe PFS� LPf

Milk yield, kg/d 40.50 41.00 .90681 NS <.0001 NS
Fat, % w/v 3.44 3.50 .071735 NS .0055 NS
Protein, w/v 3.21 3.19 .023349 NS <.0001 NS
Lactose, w/v 5.09 5.10 .019196 NS <.0001 NS
CN, w/v 2.41 2.40 .018273 NS <.0001 NS
CN, g/100 g protein 77.40 77.60 .108986 NS .0094 NS
SH, �SH/50mL 3.14 3.16 .031163 NS NS NS
SCC, log(n/mL) 5.21 5.10 .060046 NS NS NS
RCT, min 19.00 21.10 .604105 .0144 <.0001 NS
k20, min 8.11 7.31 .536452 .0980 .0134 NS
a30, mm 19.90 16.40 1.157441 .0350 NS NS
aParameter – CN: casein; SH: Milk titratable acidity; RCT: rennet clotting time; k20: curd firming rate; a30:
curd firmness.
bThe precision feeding system (PFS) measured daily the DM of each silage loaded in the TMR wagon and did not
suggest correction on the amount of silages to be loaded (PF-OFF) or suggested the correction of the amount of
silages to be loaded according the result of their moisture (PF-ON).

cHighest SEM
dp values of PFS effect (PF-OFF vs. PF-ON)
ep values of lactation phase effect (early vs. mid-lactation)
fp values of interaction between PFS and lactation phase effect (early vs. mid-lactation).
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with PF-OFF compared with PF-ON. Body condition
score did not differ between PF-ON and PF-OFF and in
early lactating cows was on average 2.15 ± 0.23 with
PF-ON and 2.11 ± 0.26 with PF-OFF. In mid lactating
cows the average value of BCS was 2.24 ± 0.30 with
PF-ON and 2.14 ± 0.26 with PF-OFF.

The milk feeding cost was affected by the PFS, as
consequence of the increase of total daily milk yield
(þ2.4%) and reduced total daily DM delivered
(�1.35%) when PFS was active (PF-ON). On average
the milk feeding cost was 0.177 vs. 0.188 e/kg of milk
(p< .001) with PF-ON vs. PF-OFF. An interaction
between PFS and week (p¼ .10) was observed, and
the maximum difference between PF-ON and PF-OFF
was observed at the end of the period, reaching a
value of 0.171 e/kg of milk with PF-ON compared with
a value of 0.196 e/kg of milk with PF-OFF.

Discussion

The diets for lactating cows used in the selected farms
in this study were based on corn silage and the aver-
age amount used was close to data reported by
Mantovi et al. (2015). Overall, the amount of silage
represented 36.7% of DM distributed with the TMR.
Variations in moisture of silages observed in this study
resulted in great instability in the amount and charac-
teristics of the TMR (Table 4), and the use of systems
to control the variation of DM of silages was effective
on the consistency of the TMR distributed daily, in fact
variability of DM of TMRs was lower when system was
active (PF-ON; Table 4).

The daily variation of the moisture of silages
affected the moisture of the TMR and consequently
the daily amount of DM delivered per cow, as well as
the nutrient composition of TMR, these short-term
changes could have short-term effects on DMI and
milk yield, though, mid-lactating cows in experimental
conditions seemed to adapt quickly to similar dietary
changes when the TMR offered daily was rigorously
controlled for a target of 5% feed refusal (McBeth
et al. 2013). The system used in our study was based
on real time control of silage moisture, allowing to
load, in the TMR wagon, the exact amount of the DM
defined in the recipe for each silage, reducing the
daily variability in the TMR characteristics. The daily
deviation from TD was also affected by the operator
error, due to a tendency to load into the TMR wagon
more concentrate than the value indicated in the
recipe. This increased the variability in the TMR charac-
teristics, with either PF-OFF or PF-ON, however vari-
ability resulted lower with PF-ON. This also caused an

asymmetrical distribution of the differences between
the TMR delivered daily and the characteristics of the
target TMR. Moreover, PFS can be useful in the prac-
tice since it is able to bring out any error made during
the loading phase of the TMR.

The moisture contents of the TMR used in the dairy
farms involved in this study were included in the
range (40–60%) indicated by Eastridge (2006) for high-
yielding dairy herds, outside this range lower DMI may
occur and TMR with less than 40% of moisture may
result in higher sorting (Eastridge 2006). In our study
the moisture of the TMR was sometimes close or
lower to the threshold of the 40%, and this was
observed particularly when the precision feeding sys-
tem (PFS) was OFF, then, a TMR so dry likely allowed
a higher sorting, and, consequently, a greater incon-
sistency of nutrient intake (Leonardi and Armentano
2003). In similar condition, this has been shown to
affect milk yield of the herd (Sova et al. 2013).
Moreover, excessive sorting of TMR could result in
over-consumption of rapidly fermentable carbohy-
drates, with an increased risk of subacute rumen acid-
osis (DeVries et al. 2008).

Among the blood parameters related to the protein
metabolism, a lower plasma urea concentration with
PF-ON compared with PF-OFF was observed, but only
in early lactating cows (Figure 1(a)). Many factors
affect blood and milk urea (Spek et al. 2013), and
besides the lactation phase (Bertoni et al. 1995;
Godden et al. 2001), milk yield is one of main. Milk
yield triggers DMI and then protein intake, influencing
energy and protein balance, with consequences on
blood urea concentration. In this study milk yield and
milk protein concentration did not differ between
cows fed with PF-ON compared with those fed with
PF-OFF, but feed protein intake may have been more
regular with PF-ON, since delivered DM and its protein
content were less variable and closer to target values
with PF-ON. Moreover, the variability in TMR moisture
could have promoted sorting in cows fed diet with
PF-OFF, this added to higher variability of DM distrib-
uted always observed with PF-OFF, could have caused
alternating period of abundance or shortage of
nutrients. These variations could promote higher
rumen deamination during abundance or catabolic
processes during the shortage of nutrients and mainly
before TMR distribution, in both cases resulting in a
greater release of NH3 and urea synthesis (Bertoni
1995). The early lactating cows could be more suscep-
tible to these challenges because characterised by
greater requirements. Because the blood samples
were collected just before TMR distribution, this
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hypothesis could be plausible and could contribute to
explain the difference in blood urea in early lactating
cows. Moreover, the lower values of urea observed
with PF-ON could also imply a greater efficiency nitro-
gen use.

The blood parameters related to inflammation
(haptoglobin, ceruloplasmin, cholesterol, albumin and
globulin) do not indicate a different health condition
between cows fed diet with PF-ON compared with
those fed diet with PF-OFF. Only lower values of
plasma Zn, observed in cows fed diet with PF-ON,
seems to indicate a better situation in PF-OFF.
Anyway, this is contradicted by the lower levels of Ca
and P in blood of cows at the end of PF-OFF period.
In fact, during inflammation, a reduction of Ca and P
in blood of dairy cows (Waldron et al. 2003), sheep
(Minuti et al. 2013, 2014) and sows (Wang et al. 2006)
has been observed. Nevertheless, the blood concentra-
tions of Ca, P and Zn in cows at the end both periods
were within the reference range (Bertoni and Trevisi
2013), so the differences observed seem of
minor importance.

The level of total VFA concentration in faeces is
affected by production of VFA and rate of absorption
into the hindgut. The production of VFA is related to
the amount of carbohydrates (starch and fibre) enter-
ing into the hindgut, and the majority of VFA pro-
duced in the hindgut are passively absorbed across
the intestinal epithelium (Gressley et al. 2011). In this
study the VFA concentration and their proportion in
faecal samples did not differ between groups. Also the
faecal pH did not differ. A tendency to lower faecal
DM was observed in PF-OFF compared with PF-ON
(p¼ .13). The faecal DM is negatively correlated with
the NDF and ADF content in faeces (Ireland-Perry and
Stallings 1993), for the greater capacity of the fibre to
retain water. This could suggest that a greater amount
of structural carbohydrate entered in the hindgut and
in turn increased hindgut fermentation creating
favourable conditions for an intestinal barrier lesions
and consequent endotoxemia (Lambert 2009). This
speculation could contribute to explain the slightly
lower blood levels of Ca and P (likely for a lower gut
absorption) observed in PF-OFF cows. Furthermore,
manure consistency, which is related to level of feed
digestion, is included among the factors associated
with the level of cleanliness of animals (Hauge et al.
2012), and the greater dirt of the ano-genital area
observed in PF-OFF cows seems to support more soft
and poorly digested stools in these cows.

Daily milk yield calculated on a weekly basis as
mean of total milk delivered to cheese factory divided

by milked cows was unaffected by PFS. The main milk
characteristics were similar between groups. The fat
and protein concentration in milk observed in this
study are slightly lower than the average values of the
Holstein-Friesian cows observed in 2017 national sur-
vey (on average 3.75% and 3.30% w/v for fat and pro-
tein, respectively). This could be related to the effect
of the lactation phase, checked cows where in early
and mid-lactation, so in the phase where fat and pro-
tein contents are on average lower and, in addition,
the study was performed in spring, season in which is
well known occurring a natural reduction of milk com-
ponents’ content. The rennet coagulation properties
observed in this study, compared with the optimal val-
ues reported by Bittante et al. (2012), showed higher
RCT and lower a30. Also for these milk characteristics,
there is an effect of lactation phase, with a worsening
of the rennet clotting properties in early-mid lactation,
and controversial results, i.e. worsening (i.e. longer) of
RTC and a30 (i.e. less wide) and an improvement of
k20 (i.e. shorter) in PF-ON, compared with PF-OFF, do
not allow to draw definitive considerations about the
effect of PFS on milk protein clotting.

Lastly, utilising the data from last week of each
period, with PF-ON it has been calculated a slightly
lower DM delivered to the cow (�1.3%) and a slightly
higher milk yield (þ2.4%). At the actual market price
of feeds and milk, these differences have determined
a reduction of feeding cost: on average 0.177 vs
0.188 e/kg of milk, for PF-ON vs PF-OFF.

Conclusions

TMR is used in the feeding of cows because in add-
ition to providing all the nutrients at the same time, it
should have the advantage of providing a constant
supply over time. Our study shows that this is not
always true, but due to the variations in the moisture
of silages and operator error, TMR has wide variations
even in relatively short periods. Our study has shown
that the PFS used reduces the variability within TMR,
both as DM and as nutritional characteristics, and in
particular its protein content. This greater consistency
could determine better metabolic conditions that are
likely to improve yield and the economic efficiency of
cattle breeding.

The results obtained in this study show that the
device adopted for a more precision feeding, based
on a near infra-red (NIR) scanner and performing a
weight-adjustment of feed loaded on actual DM, was
able to improve the consistency of the TMR in term of
DM delivered and its chemical characteristics. The
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greater consistency of the TMR could have contributed
to decrease metabolic alterations, which suggest a
better efficiency of nutrient utilisation, from which
seems to derive lower management costs.
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