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Introduction

Genetic improvement of feed efficiency in dairy cattle is highly important from both
economic and environmental perspectives (Basarab et al., 2013). However, accurately
measuring actual feed intake in the field is labor intensive and costly, making it difficult to
obtain the large amounts of data required for genetic evaluation. Reports indicate that the
mid-infrared spectrum of milk reflects feed efficiency (McParland et al., 2014). In Japan,
records of fatty acid origin (FA-Ori), estimated from the mid-infrared spectrum of milk, are
collected as part of dairy herd testing. Therefore, a method could be developed to predict
traits related to feed efficiency from lactation records, including FA-Ori, and use these
predictions as indicators for genetic evaluation. Here, we developed equations to predict dry
matter intake (DMI) and residual feed intake (RFI) from lactation records containing FA-Ori.
We investigated how the variables used in the prediction equations, and their coefficients of
determination (R?), changed across lactation stages.

Materials & Methods

Data. Data from 49,491 records across 157 lactations of 96 cows calving between April 2020
and April 2023 at the Hokkaido Research Organization Dairy Research Center were used.
Feed intake and milk yield were measured daily, whereas milk components (including FA-
Ori) and body weight were measured weekly. DMI was calculated from feed intake and feed
dry matter content. Average values were calculated weekly from 6 to 306 days in milk
(DIM), yielding 43 data points per lactation period. RFI was calculated as the difference
between the DMI estimated by using the formula from the Japanese Feeding Standards for
Dairy Cattle (National Agriculture and Food Research Organization, 2017) and the actual
measured value. The DMI estimation formula is categorized into the following four types
(Egs. 1-4) on the basis of lactation stage—mid- to late lactation (11 weeks postpartum and
later) and early lactation—and parity (parity 1 and parity 2+):

DMI (mid to late/1, kg/day) = 1.9120 + 0.07031*W°7° + 0.34923*FCM (D
DMI (mid to late/2+, kg/day) = 1.3922 + 0.05839*W°75 + 0.40497*FCM )
DMI (early/1, kg/day) = DMI (mid to late/1)*(0.6446*WK?1752) (3)
DMI (carly/2+, kg/day) = DMI (mid to late/2+)*(1.0-0.353 1 *¢(-03247WKy) )

Here, W is body weight (kg), FCM is 4% fat-corrected milk yield (kg/day), and WK is weeks
postpartum. The calculation formula for FCM is shown below (Eq. 5).

FCM (kg/day) =milk yield (kg)*(0.15*fat (%) + 0.4) (%)

Multiple regression analysis. Multiple regression analysis was performed with DMI and
RFI as dependent variables. Two patterns of independent variables were examined: a full
model including milk yield, milk fat percentage, milk protein percentage, milk lactose
percentage, milk urea nitrogen (MUN), body weight, and the ratio of FA-Ori (de novo
synthesized (DnF), mixed (MiF), or preformed (PrF)) to total milk fat; and a reduced model
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excluding body weight and MiF from the full model. The reason for setting up the reduced
model was the lack of body weight and MiF data in Japanese dairy herd testing records. As
FA-Ori varies by lactation stage (Lynch et al., 1992; Woolpert et al., 2017), records were
divided into weekly intervals to create 43 datasets to examine stage-specific R* and changes
in the selected variables. Optimal independent variables were selected for each dataset by
using stepwise regression.

Results

We plotted the trends in the adjusted R? of the DMI and RFI prediction equations created for
each dataset (Fig. 1). The adjusted R? peaked at 0.82 for the full DMI model at 5 weeks
postpartum and at 0.81 for the reduced model at 6 weeks postpartum. For RFI, the adjusted
R? peaked at 0.56 for both the full and reduced models at 2 weeks postpartum. The adjusted
R? decreased as the lactation stage progressed, ranging from 0.34 to 0.59 for DMI and 0.04 to
0.34 for RFI after 16 weeks postpartum. During the early lactation period up to 15 weeks
postpartum, the difference in adjusted R? between the full model and reduced model was
small for both DMI and RFI. Throughout lactation, DMI maintained a higher adjusted R’
than that of RFI, with the difference ranging from 0.21 to 0.48.
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Figure 1. Trends in the adjusted R? values of the dry matter intake (DMI) and residual feed
intake (RFI) prediction equations (Full: full model; Reduced: reduced model)

We then plotted the changes in the partial R? values in the reduced model for the independent
variables selected by the DMI (Fig. 2) and RFI (Fig. 3) prediction equations. In the DMI
prediction equation, the partial R* of milk yield was the highest throughout the lactation
period. In the RFI prediction equation, the partial R* for milk yield was low; additionally, the
partial R* for milk fat percentage was high during the early lactation stage and the partial
regression coefficient for milk fat percentage was negative. In both the DMI and RFI
prediction equations, from immediately after calving until approximately 7 weeks
postpartum, the partial R? for DnF was high, followed by a high partial R? for PrF until about
15 weeks. The partial regression coefficient for DnF was positive, and that for PrF was
negative. The partial R? for DnF and PrF decreased during the mid-to-late lactation stage.
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Figure 2. Trends in the partial R? values of selected independent variables in the dry matter
intake (DMI) prediction equation (reduced model). MUN, milk urea nitrogen; DnF, de novo
synthesized fatty acids; PrF, preformed fatty acids
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Figure 3. Trends in the partial R* values of selected independent variables in the residual
feed intake (RFI) prediction equation (reduced model). MUN, milk urea nitrogen; DnF, de
novo synthesized fatty acids; PrF, preformed fatty acids

Discussion

From the prediction models, both DMI and RFI had high adjusted R values during early
lactation, and these decreased during mid-to-late lactation. Furthermore, from the models,
DMI exhibited a higher adjusted R* than that of RFI throughout the lactation period. These
results were consistent with those obtained by Shetty et al. (2017) when they predicted DMI
and RFI by using mid-infrared spectra. For both DMI and RFI, there was little difference in
the adjusted R between the full model and the reduced model until approximately 15 weeks
postpartum. Therefore, we consider that it is possible to predict feed intake and efficiency in
the early lactation period by using herd testing records.



In the DMI prediction equation, milk yield had high partial R?> values. However, as RFI is a
trait for which the effect of milk yield is removed, the partial R* of milk yield in the RFI
prediction equation was low. RFI is defined as the difference between the actual energy
intake and energy requirements and can be considered a trait mathematically similar to
energy balance (EB) (McParland et al., 2014). During the early lactation stage, when EB
decreases, lipolysis is promoted, increasing fatty acid uptake from body fat mobilization and
enhancing fat synthesis in the mammary gland (Buttchereit et al., 2010). Therefore, EB and
milk fat percentage are closely related. This likely explains the high partial R* for milk fat
percentage in the RFI prediction equation during early lactation.

Both DMI and RFI showed a tendency for DnF to have high partial R? values until around 7
weeks postpartum, followed by high values for PrF until around 15 weeks. DnF refers to fatty
acids synthesized in the mammary glands of dairy cows from acetic acid and butyric acid—
volatile fatty acids derived from roughage fermentation in the rumen—as substrates
(Palmquist et al., 1993). PrF originates from the cow’s intestines, liver, or adipose tissue.
DnF accounts for a low proportion of total fatty acids during early lactation and increases to
relatively stable concentrations when cows are in positive energy balance (Woolpert et al.,
2017). Our results indicate that the relationship between FA-Ori and feed utilization varies
with lactation stage. From calving to approximately 7 weeks postpartum, DnF—reflecting
rumen fermentation status and functionality—is closely associated with feed intake and feed
efficiency. From the lactation peak until about 100 to 120 days postpartum (Yamamoto et al.,
2024), when both DnF and PrF concentrations stabilize, PrF, which indicates body fat
mobilization, is closely related to feed intake and efficiency. However, as FA-Ori is
influenced by feed and management practices (Woolpert ef al., 2017), further investigation is
needed to determine whether these relationships hold true on other farms.

Conclusions
DMI and RFI prediction equations using FA-Ori showed good applicability during the early
lactation stage. FA-Ori is particularly useful for predicting feed intake and efficiency during
early lactation, and its application to dairy herd testing records should enable genetic
improvements.
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