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ABSTRACT

The objective of the current study was to quan-
tify the change in the prediction of dry matter intake
(DMI) resulting from the inclusion of rumination time
(RT) in the 2001 National Research Council (NRC)
DMI prediction model. Forty-one Holstein cows fed the
same total mixed ration were involved in a 10-wk study.
Individual DMI were measured daily. The accuracy and
precision of the original NRC prediction model, based
on body weight, fat-corrected milk, and week of lacta-
tion as independent variables, was compared with the
accuracy and precision of the same model with RT as
an additional independent variable. The RT estimate
was significant in the model developed but had a low
value (0.031 kg/h). Root mean square prediction errors
were very similar in the 2 models (1.70 and 1.68 kg/d)
as were the other indicators (RQ, linear bias, random
error, and concordance correlation coefficient) selected
to compare the models in this study. These results in-
dicate no gain in DMI prediction precision or accuracy
when RT is included in the NRC model.

Key words: dry matter intake, dairy cow, rumina-
tion, intake prediction

Short Communication

Prediction of DMI is important for the formulation
of nutritionally and economically optimized diets in
dairy cows. Extensive research effort has been made
to develop a DMI prediction model that would be ac-
curate over lactation for a large variety of diets. It has,
however, proven difficult to create a general and ac-
curate model due to the complex interactions between
animal and feed factors (Huhtanen et al., 2011), which
are poorly understood. Many models have been devel-
oped and adapted to a particular country or system for
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calculating nutritional requirements, but none of them
can be used worldwide because they are insufficiently
flexible to be accurate and precise in multiple different
farming and feeding systems. Some models only include
animal factors, such as milk yield, stage of lactation,
or BW (NRC, 2001; Fox et al., 2004), whereas others
include feed factors, such as digestibility of OM, NDF
content, and feed DM content (Lewis, 1981; Huhtanen
et al., 2011), in addition to animal factors. Simple
models with few input variables lack accuracy, with
mean biases of 1 or 2 kg of DMI/d. On the other hand,
more complex models may be more accurate and have
mean biases <1 kg of DMI/d (Huhtanen et al., 2011;
Krizsan et al., 2014) but are less suitable for on-farm
application as they require large amounts of input data
concerning diet characteristics.

In recent years, a rumination sensor has been devel-
oped (HR-Tag, SCR Engineers Ltd., Netanya, Israel).
It enables the continuous recording of individual rumi-
nation times (RT) with high accuracy (Schirmann et
al., 2009). Rumination time is influenced by diet com-
position; for example, NDF content (Adin et al., 2009).
Thus, RT could be seen as an on-animal measure that is
linked to diet composition and might improve existing
DMI prediction models. Many studies have evaluated
the effect of diet composition and diet particle size on
DMI or RT, but data are scarce concerning the relation-
ship between these 2 variables for cows fed the same
TMR. Hasegawa et al. (1997) suggested that RT may
be used to assess DMI, and Krause et al. (2002) found
a positive relationship between long-particle DMI and
RT. More recently, Schirmann et al. (2012) found that
daily RT and DMI, in 42 dry Holstein cows, were not
correlated across cows but were weakly negatively cor-
related within cow. Moreover, little attention has been
paid to the relationship between DMI and RT during
lactation. A positive relationship would be expected,
because a longer rumination time may be necessary to
process a growing amount of food.

The objective of this study was to investigate the
putative gain, in terms of DMI prediction accuracy and
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precision, provided by the inclusion of RT (NRCgy
model) in an existing and widely used prediction model
developed in the United States by the National Re-
search Council (NRC, 2001).

Forty-one (14 primiparous and 27 multiparous)
Holstein cows at the experimental farm Les Trinot-
tieres (47°34'N; 0°23'W, Maine-et-Loire, France) were
included in the study. The cows were housed in cubicles
and fed a TMR for a 10-wk period between April and
July 2011. The TMR was formulated according to the
recommendations provided by the French National
Institute for Agricultural Research (INRA, 2010), and
cows were fed ad libitum once a day at approximately
1300 h to achieve 10% refusals on an as-fed basis. The
diet was 71.8% corn silage, 1.7% straw, and 26.5% con-
centrate mix (rapeseed based) on a DM basis (CP =
14.1%, NDF = 43.2% of DM). Individual amounts of
feed offered and refusals were weighed daily, and TMR
samples were taken daily and dried at 105°C for 24 h to
determine the DM content. Daily individual DMI was
calculated for each cow by subtracting the refusals from
the TMR offered.

To monitor RT, all cows were fitted with a rumina-
tion logger (HR-Tag, SCR Engineers Ltd.) supported
by a neck collar. The logger contains a microphone that
records RT continuously and summarizes it into 2-h
intervals (Schirmann et al., 2009). Two-hour-interval
RT were summed between 1200 h on day n and 1200 h
on day n + 1 to obtain individual daily RT.

Cows were milked twice daily at 0700 and 1700 h, and
daily yield was recorded using milk meters. Samples
were collected weekly at 4 consecutive milkings and as-
sessed for fat content using infrared analysis (AOAC
International, 1997), results being summarized for each
animal as a weekly mean. Fat-corrected milk was calcu-
lated daily as FCM = (kg of milk x 0.4) + (kg of milk
X fat%geex /100 x 15), where fat%ye is the weekly
mean milk fat percentage (Gaines, 1928). Daily FCM
and RT values were averaged to obtain weekly means.

Individual BW were measured every 3 to 5 wk (wk
—3, 2, 7, and 10 of the trial) at the same time of day.
Weekly BW were calculated by linear interpolation
between 2 measurements.

The experimental unit was the cow-week. In a
first step, RT variance was decomposed using PROC
VARCOMP (SAS version 9.2; SAS Institute Inc., Cary,
NC) to estimate the variability linked to animal num-
ber, week of lactation (WL), and residual variability,
for descriptive purposes. In a second step, 2 models,
NRC and NRCpy, were compared:

DMI = (0.372 x FCM + 0.0968 x BW"™)
x {1 — exp[—0.192 x (WL + 3.67)]} (NRC), and
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DMI = (0.372 x FCM + 0.0968 x BW’™)
x {1 — exp[—0.192 x (WL + 3.67)]}
+ a X RT (NRCRT),

where DMI is the average daily DMI for 1 wk, and
FCM is expressed in kg/d, BW in kg, and RT in h/d.
The constant “a” was estimated using PROC REG
(SAS version 9.2; SAS Institute Inc.).

Two criteria were calculated to assess and compare
the goodness of fit of the models: the R? value of the
regression between observed (Oi) and predicted (Pi)
values; and the root mean square prediction error
(RMSPE), calculated as RMSPE = square root[X(O1
— Pi)’/n], where n is the number of observations. The
statistical significance of the mean bias and linear bias
were estimated as proposed by St-Pierre (2003). The
mean square prediction error was divided into 3 compo-
nents: mean bias, linear bias (the deviation of the slope
from 1), and random variation around the regression
line (Bibby and Toutenberg, 1977). Further, the syn-
thetic index for assessing the accuracy and precision,
the concordance correlation coefficient (CCC), was
calculated for each model as proposed by Lin (1989).

Because of technical problems with some of the ru-
mination monitoring devices, 13 animals only had RT
recordings for 4 to 9 wk of the trial. Weeks without
RT data were excluded from the analyses. Descriptive
statistics of the 371 cow-weeks included in the analyses
are provided in Table 1. We detected no linear relation-
ship between the mean time spent ruminating and the
mean DMI calculated at the cow level over the trial
(Figure 1). The mean RT measured in this study was
7.5 + 0.1 h/d. For individual cows, the mean RT over
the trial ranged from 3.8 to 9.7 h/d, which is wider
than that reported by Soriani et al. (2012) in early lac-
tation (from 6.7 to 11.4 h/d). In our study, we observed
high variability in RT between cows. Indeed, across
cows, 84.1% of RT variability was linked to animal
number and 0.5% to week, with 15.4% being residual
variability. The variability linked to animal and week
were, respectively, 72.4 and 12.3% for DMI, and 85.7
and 3.3% for FCM. The coefficient of variation (CV)
for RT (22.7%) was higher than the CV obtained for
DMI or FCM (10.4 and 14.1%, respectively). At the
cow level, the between-week CV was, on average, 8.9%
(range = 3.6 to 19.2%) for RT, 5.2% (range = 1.9 to
10.4%) for DMI, and 5.0% (range = 1.8 to 10.4%) for
FCM. Thus, for a given cow, RT was less repeatable
between weeks than DMI or FCM. This is surprising
because the main factors known to influence rumina-
tion activity, such as diet digestibility, diet fibrosity
index (Sauvant et al., 1990), NDF intake (Adin et al.,
2009), forage quality (Welch and Smith, 1970), heat
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Table 1. Descriptive statistics (mean, SD, minimum, maximum) of the variables included in the models (n =

371 cow-weeks)

Variable Mean SD Minimum Maximum
DMI, kg/d 25.9 2.66 19.4 33.1
FCM, kg/d 34.0 4.76 22.9 47.7
Rumination time, h/d 7.5 1.70 2.7 11.2
DIM, d 210 43.6 85 308
BW, kg 697 65.8 538 865

stress (Soriani et al., 2013), and regrouping (Schirmann
et al., 2011), were stable in our study. This higher CV
might partly be due to imprecision in the RT measure-
ments. Even though good correlations (r = 0.93, R? =
0.87) have been obtained between HR-Tag measures
and visual observation (Schirmann et al., 2009), the
RT measure is probably less accurate and precise un-
der field conditions than those of approved milk yield
recording devices. Within-cow variability of RT might
be a problem for practical implementation of a model
with RT as an input. Indeed, past or present RT would
be used in the model because future RT would not be
known at the time of prediction, as occurs when milk
yield is used as an input variable (Ingvartsen, 1994).
Many authors have studied the effect of differences
in diet composition on RT but our study is the first to
evaluate the relationship between DMI and RT for lac-
tating cows fed the same TMR. As a basis, we used the
NRC model (NRC, 2001), which has been widely used

as a reference for the evaluation of new models (Hal-
achmi et al., 2004; Shah and Murphy, 2006; Huhtanen
et al., 2011). On the one hand, it is easy to imple-
ment because as input data it only uses “animal fac-
tors which would be easily measured or known” (NRC,
2001). On the other hand, the NRC model has been
shown to clearly over-predict DMI when the diets used
for evaluation are composed of silages other than those
used for the development of the model (Huhtanen et
al., 2011). In this case, inaccuracies of the model could
be due to the fact that it does not include diet-related
factors. Another limitation of this model is that milk
yield is used as an input variable. Milk yield is a func-
tion of the genetic merit of the cow and the quality of
the diet. As a consequence, when current diet deviates
from the economically optimal diet, using actual milk
yield as an input variable can result in seriously biased
intake predictions (Friggens et al., 1998), as discussed
by Krizsan et al. (2014).
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Figure 1. Scatterplot representing average time spent ruminating (h/d) against average DMI (kg/d) over the trial (n = 41 cows).
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Table 2. Statistical values obtained for NRC (2001) and NRCgy models fitted to weekly DMI of individual cows, and accuracy and precision

of the 2 models

Error distribution

RT estimate Mean bias Linear RMSPE?
Model' (SE) (kg/d) bias (kg/d) R? ccc? Mean Slope Random
NRC (2001) — 0.22 —0.06 1.70 0.60 0.76 0.02 0.00 0.98
P =10.01 P> 0.05
NRCgr 0.031 —0.02 —0.06 1.68 0.60 0.76 0.00 0.01 1.00
(0.0114) P> 0.05 P> 005

"The NRCpr model added rumination time (RT) to the NRC (2001) model.

RMSPE = root mean square prediction error.
*CCC = concordance correlation coefficient according to Lin (1989).

In the NRCgt model, the estimate for RT was low
(0.031 kg/h; P < 0.01) but significantly different from
zero (Table 2). This result is not consistent with the
result obtained by Schirmann et al. (2012), who found
no relationship between daily RT and DMI during the
dry period. In NRC and NRCgt models, we observed a
tendency for residuals to decrease when WL increased
(—0.07 kg/WL; P < 0.001). Thus, in both models, DMI
was underestimated when WL was <30 and overesti-
mated otherwise. However, as this relationship was
similar in the 2 models, it was still relevant to compare
their goodness of fit. Residuals were not related to
other independent variables.

The accuracy and precision of the NRC and NRCgy
models were compared based on R?, mean bias, and
RMSPE calculations, as summarized in Table 2. The
goodness of fit in our study (R* = 0.60 for NRC model)
was better than that obtained by Shah and Murphy

(2006) with a larger data set (R* = 0.42) in early
lactation. The difference in mean DIM (210 d in our
study vs. 35 d in the study of Shah and Murphy, 2006)
may partly explain the poorer fit obtained by Shah
and Murphy (2006), because DMI increases less quickly
than milk yield during early lactation. Accordingly, it is
more difficult to predict DMI accurately and precisely
during this period. The number of data sets used (1
data set in our study vs. 2 data sets originating from
2 farms in the study by Shah and Murphy, 2006) and
the differences in diet composition may also contribute
to the difference in goodness of fit. On the other hand,
compared with our results, Huhtanen et al. (2011) ob-
tained a higher R* (0.73). This may be attributable
to the differences in diet composition between the 2
studies.

The plot used for NRCgr bias decomposition is dis-
played in Figure 2. The mean bias value was higher in
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Figure 2. Scatterplot representing residual DMI (kg/d) against centered predicted DMI (kg/d) obtained with the NRCgr model, which
added rumination time (RT) to the NRC (2001) model (n = 371 cow-weeks).
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the NRC model (0.22 kg/d; P < 0.05) than in the NR-
Cgr model (—0.02 kg/d; P > 0.05). This result was due
to the fact that, in the NRCgt model, the constant “a”
was calculated to center the distribution of residuals
around zero. Thus, a lower mean bias was expected for
this model. The RMSPE values were very similar (1.70
and 1.68 kg/d, respectively) in the 2 models (Table 2),
as were R” values (0.60). The very high proportion of
random error (0.98 for NRC model and 1.00 for NRCgyp
model) indicates the absence of systematic errors in
both models. Thus, the statistics selected for this study
were consistent and confirmed that no gain in accuracy
and precision in DMI prediction was achieved when RT
was added to the NRC model.

In conclusion, in this study, the RT estimate (0.031
kg/h) was significant in the DMI prediction model de-
veloped, but the addition of RT to the model had no
effect on the accuracy and precision of the indicators
studied. Moreover, the variability of RT between weeks
for a given cow fed the same TMR might make it dif-
ficult in practice to include RT in a DMI prediction
model.
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