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Abstract

As production costs continue to rise, the global population expands, and sustainability becomes a
more pressing concern, enhancing the efficiency of dairy cows has emerged as a vital objective for
the dairy industry. Recent evaluations have examined the implications of including feed efficiency
(FE) in a selection index through both indirect selection methods, such as dry matter intake (DMI),
and direct selection approaches such as residual feed intake (RFI), utilizing deterministic modelling
techniques. Such methods aim to create a more sustainable dairy industry by optimizing resource
use and improving overall productivity. The study examined two traits using three different
methods: (1) setting the genetic gain of the traits to zero, (2) implementing negative selection
pressure, and (3) utilizing positive selection pressure. To assess the effects of integrating FE into a
selection index, changes in both economic and genetic gains were analysed. The findings revealed
that enhancing FE through direct selection based on residual feed intake yielded the most favourable
results. This approach provided the highest overall economic benefits and also led to positive
outcomes in production and FE selection. Overall, focusing on direct selection for FE proved to be the
most effective strategy among the scenarios evaluated. The evaluation of how the weights of relative
indexes change, along with the anticipated effectiveness of the suggested selection indexes compared
to a baseline index, has been conducted. This assessment also included the response of indices to
selection and the effects on various traits due to selection. Notably, the most significant change in the
index response to selection occurred when aiming to increase dry matter intake (DMI), leading to an
8.42% enhancement in the response index. Conversely, attempts to decrease DMI resulted in a
detrimental effect, causing a 7.68% decline in the response index. This illustrates the complexities
involved in selection index management, highlighting those strategies focused on improving DMI can
yield positive outcomes, while reductions in DMI may negatively influence overall selection
effectiveness. Over time, the cumulative effects of selection can lead to a significant reduction in daily
dry matter intake, ranging from 0.16 kg to 2.7 kg, all while sustaining production levels. The findings
suggest that while residual feed intake (RFI) has minimal influence on the existing efficiency metrics,
it could be a valuable trait to consider breeding programs aimed at enhancing feed efficiency in dairy
cattle. This research sheds light on the potential long-term benefits of prioritizing feed efficiency
through the lens of RFI, indicating that such selection practices may yield substantial improvements
in overall productivity and sustainability within dairy operations.
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Introduction

Rapid growth the global population is
driving urgent conversations about
sustainable food production, particularly
in the dairy sector. As the demand for
sustainably dairy produced increases,
dairy farmers face significant financial
challenges. Notably, feed costs constitute
over half of a dairy producer's total
expenses, and these costs are on the rise
[1,2]. Improving the ability of cows to
efficiently transform their feed into milk
presents a viable solution to help
mitigate these rising costs [1].

Historically, genetic selection of dairy
cattle was focused primarily on
increasing milk production, but
additional traits, such as fertility and
health, have been incorporated into
selection programs around the world
over the last 25 years [1]. Due to an
increased focus on the financial aspects
of dairy production, dairy producers
prioritize selecting traits related to
healthy and high-producing cows that
are reproductively fit and have a long
productive life in the herd. Thus, there is
an opportunity to include an FE trait in
selection indices to improve the
sustainability of dairy production.

Improving the efficiency of a cow can
significantly reduce the cost of feed while
sustaining or even boosting the amount
of milk produced. An efficient cow
utilizes nutrients more effectively,
resulting in lower feed consumption for
the cow same or higher levels of milk
output. This not only benefits the farmer
by cutting down expenses, but also
contributes to a more sustainable
agricultural practice. By focusing on
breeding and management practices that
enhance cow efficiency, farmers can
achieve better production outcomes
while minimizing costs [3].

This improvement not only supports
the economic viability of dairy farms, but
also contributes to more sustainable

agricultural practices, ultimately
benefiting the environment and society
as a whole. By focusing on enhancing the
feed to milk conversion rate, the dairy
industry can address both economic
pressures and sustainability goals
simultaneously. The selection of animals
with better feed efficiency has proven
effective in various agricultural species,
including pigs, cattle, and poultry.
Research shows that even among dairy
cows producing at similar levels, there is
a noticeable difference in their dry
matter intake (DMI). This variation
indicates that by focusing on breeding
animals that utilize feed more effectively,
we can reduce the financial losses that
arise from poor feed efficiency.
Successful selection for feed efficiency
(FE) has already been achieved in other
livestock species like pigs and chickens.
In the case of dairy cattle, researchers
have noted that even among animals
with similar production levels, there can
be significant differences in feed intake.
This variation indicates that it is possible
to identify and breed animals that utilize
feed more effectively. This insight has
sparked interest in incorporating feed
efficiency into global breeding goals.
However, the challenge lies in the
absence of practical methods for
assessing feed intake across large
populations of animals, which has limited
the integration of FE into breeding
initiatives. Given that many factors
regarding the inclusion of FE in breeding
programs remain unclear, this study
aimed to estimate initial genetic and
phenotypic correlations between dry
matter intake, residual feed intake, and
other traits currently being evaluated.
Additionally, it sought to simulate the
effects of adding FE to a selection index
through both direct and indirect
selection methods. The study highlights
that DMI and RFI exhibit differing
relationships with production, health,
and fertility traits. Using technologies
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such as milk mid-infrared spectroscopy
and 3D cameras to estimate feed intake
could enable more large-scale
phenotyping, allowing for easier
implementation of FE into breeding
programs. By exploring these
relationships, we seek to enhance
breeding strategies that could lead to
improved overall performance and well-
being in dairy herds. Understanding how
these traits interact can ultimately help
in making informed decisions that
benefit both dairy production and animal
health. This research contributes to our
understanding of how to improve feed
efficiency in dairy cattle breeding.

Materials and Methods
Data and Traits Investigated

In this study, all herds were
systematically monitored by the Iranian
Livestock Breeding Center. The research
focused on two key production traits: fat
yield (FY) and protein yield (PY),
alongside one fertility trait: age at first
service (AFS). These traits were
deliberately selected because they are
likely to be significantly influenced by the
incorporation of feed efficiency metrics.
They formed the essential set of traits
evaluated in each scenario. Additionally,
two more traits were included: dry
matter intake (DMI) and residual feed
intake (RFI). DMI refers to the total feed
consumed during the first 150 days of
lactation, while RFI measures the total
feed that remains unused during this
same period. This selection aims to
provide a comprehensive understanding
of how feed efficiency can impact

production and reproductive
performance in dairy herds. The
parameters for  production traits

evaluated in this study were quantified
as the total kilograms of fat and protein
yield generated during a 305-day
lactation period for heifers in their first

lactation. Fertility indicators were
tracked in terms of days for these first
lactation cows. Dry matter intake was
assessed by measuring the total intake,
recorded in kilograms, during the initial
150 days in milk (DIM) for the first-
lactation cows. Likewise, the Residual
Feed Intake (RFI) was calculated as the
cumulative RFI (the sum of daily RFI
values), expressed in kilograms over the
same 150 DIM period for these cows.
This structured approach provides a
comprehensive understanding of the
productivity and efficiency of first
lactation dairy cows, which is crucial for
improving breeding and management
strategies in dairy farms.

Genetic Parameters

The genetic relationships between all
traits were assessed using a series of
bivariate animal models, employing
WOMBAT version 07-02-2020 for the
analysis. The overarching statistical
framework utilized can be described as
follows:

v=Xb+Xb+Za+Wh+e

Where, y is the vector of the observed
phenotypes; b contains fixed effects,
which include variables such as the
season, year of calving, and the age class
at calving Random additive genetic
effects are captured by the vector a, while
the vector h accounts for random effects
related to the herd and year of calving. X,
Z, and W are used to associate these
effects fixed, genetic, and herd-year,
respectively, with the phenotype data in
y. The model includes e a vector
representing random errors that cannot
be attributed to the other components.
This comprehensive model enables
researchers to dissect and understand
the different influences on the
phenotypic traits being studied [4].

This approach allows for the
exploration of how these traits
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interrelate genetically, providing insights
into their heritable characteristics and
potential interactions. By applying the
bivariate models, we gain a clearer
understanding of the genetic architecture
underlying these traits, which is crucial
for breeding and selection strategies in
the relevant fields. The use of WOMBAT
enhances the accuracy of these estimates,
making it a valuable tool for researchers
aiming to unravel the complexities of
genetic correlations among traits. Cross-
validation applied to check the
robustness of estimates.

Economic Values

In the dairy cattle industry, fat and
protein yields play a crucial role in
generating income for producers. As a
result, the primary goal of breeding
programs has been to enhance these
yields while also focusing on improving
fertility rates. The economic value refers
to the monetary benefit gained from a
one-unit change in a particular trait.
According to research by [5], the
economic value associated with health
and fertility traits is estimated at $2.57
per day. Furthermore, the economic
values for production traits were derived
using specific equations (Equations 1 and
2). This approach highlights the
importance of balancing production
efficiency with reproductive success,
ensuring that dairy operations remain
profitable, while maintaining the health
and fertility of the cattle. By optimizing
both fat and protein yields and fertility,
producers can maximize their revenue
potential in a competitive market.

Economic value (v) = Revenue - Costs (1)

Costs = Cost of 1 kg of DM * Amount of
DM to produce 1 kg of the trait (2)

The price for 1.00 kg of dry matter
(DM) was estimated at $0.29. To produce
1.00 kg of fat, 6.00 kg of DM is required,

while for 1.00 kg of protein, 3.70 kg of
DM is needed [6]. The revenue for fat and
protein was determined by taking the
average monthly price paid to producers
in 2017, which was $10.64 per kg for fat
and $6.82 per kg for protein [7]. Using
these figures, the profit calculation for fat
yield resulted in an economic value of
$8.90, and for protein yield, it was $5.75.
Since the goal of breeding is to enhance
these production traits, they were
assigned positive economic values. It was
also noted that the economic value for
both (DMI) and (RFI) was set at $0.29,
which reflects the cost of 1.00 kg of DM
(6). To improve efficiency in breeding,
RFI was assigned a negative economic
value of $0.29, indicating that a reduction
in this trait is desired. The impact of DMI
was analyzed with both positive
(increasing intake) and negative
(decreasing intake) economic values,
highlighting the complexity of feeding
efficiency in livestock management.

Index Parameters

The overall genotype (Hq) was based
on the premise that the breeding goal
could be expressed as a linear
combination of the genetic quality for
various traits, including FY, PY, and age
at first service (AFS). Additionally, when
relevant, it also incorporates either DMI
or RFI. Each of these traits was assigned
a weight according to their economic
significance, as expressed in Equation 3.
This means that the breeding strategy

aims to optimize these key
characteristics by considering their
individual contributions to overall

economic value, thereby enhancing the
breeding program's effectiveness in
achieving desirable outcomes, where vq
is the trait economic value, and gq is the
true genetic value for the qth economic
trait [8]:

Hq=v1g1+v2g2 +v3g3 ..+ vq gq (3)
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This research focused on five specific
traits: FY, PY, AFS, DMI, and RFL
Variations of a foundational index were
developed by considering different
combinations of these traits based on
their correlations. The goal was to
analyze the effects of incorporating
either dry matter intake (DMI) or
residual feed intake (RFI) into a selection
index. For both the original scenario and
its variations, economic selection indices
(Ik) were formulated according to the
structure outlined in Equation 4. This
approach allowed for a comprehensive
evaluation of how these traits interact
and influence the overall selection
process, thereby providing insights into
optimizing breeding strategies in this
context, where Ik is the kth linear
economic selection index that includes j
traits, bj is an index weight for the jth
trait, and yj is the phenotype adjusted for
known environmental factors for the jth
trait [8]:

_ v -
Results and Discussion

Genetic Parameters

The estimates of heritability for DMI
were found to be 0.39 = 0.09, which
aligns with earlier findings [9,10].
Similarly, the heritability estimation for
RFI was 0.27 * 0.11, consistent with
previous research that employed similar
calculations for RFI [11,12]. These results
suggest that both traits exhibit moderate
heritability, = making them  strong
candidates for inclusion in a breeding
program. Moreover, the positive genetic
correlations observed between
production traits and both DMI and RFI
corroborate earlier studies [13,14]. This
understanding emphasizes the
significance of these traits in breeding
efforts aimed at improving efficiency in
livestock production. The foundational

index lacks specific traits related to FI or
FE. In the primary scenario, FY and PY
traits are prioritized, making up about
70% of the overall emphasis of the index.
Within this allocation, fat content holds a
significant weight of around 55%, while
protein is given approximately 15% of
the focus. This distribution highlights the
importance of these traits in the
evaluation process, suggesting that
enhancing fat and protein levels is critical
for optimizing production outcomes. The
absence of novel traits in feed
management indicates a traditional
approach, emphasizing the need to
consider these factors when assessing
overall efficiency in production systems.
The scenario that showed the greatest
importance for integrating increased dry
matter intake (DMI) as a trait was
characterized by a strong positive
correlation of 0.71 with production and a
slight negative correlation of -0.02 with
fertility (+DMI (0.70/-0.10)). In contrast,
the least significant scenario for DMI
occurred when it was still correlated at
0.70 with production but had a more
pronounced negative correlation of -0.32
with fertility (+DMI (0.70/-0.30)). This
difference might stem from the stronger
beneficial relationship between DMI and
production traits, suggesting that
enhancing one will lead to improvements
in the other. When the objective shifted
to reducing feed intake, there was a wide
range of relative index weights observed.
Similar to when the focus was on
increasing DM, efforts to lower DMI led
to significant shifts in how production
traits were prioritized within the
selection index. For example, the relative
importance assigned to fat yield varied
from 27.06% in the scenario of DMI
(0.60/-0.30) to 54.82% in -DMI (0.70/-
0.30). The weighting for protein yield
also varied, ranging from 1.32% for -DMI
(0.70/-0.30) to 24.56% for -DMI (0.60/-
0.30). Although these ranges include
some extreme values, most scenarios
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indicate a general emphasis around 50%
for fat yield and about 16% for protein
yield. This illustrates the dynamic nature
of selection traits in breeding programs,
where the goals can significantly alter the
emphasis placed on various production
characteristics. The feed efficiency metric
employed in this study was RFIL. RFI is
independent of production levels;
however, the importance assigned to
production characteristics varies when
RFI is factored in, particularly regarding
its correlations with health and fertility.
As the correlation between RFI and
health or fertility increases, the
significance  of  production traits
diminishes. For instance, when RFI
shows the weakest negative correlation
with fertility, the relative importance of
fat and protein yields is 56.62% and
16.44%, respectively. Conversely, at the
strongest negative correlation with
fertility, these values drop to 35.23% for
fat yield and 13.73% for protein yield.
This indicates that the relationship

between feed efficiency and overall
animal health plays a crucial role in
shaping production priorities in livestock
management. As we consider these
dynamics, it becomes essential to balance
feed efficiency with reproductive and
health outcomes to enhance overall
productivity.

RFI is a significant trait in animal
breeding, as it encapsulates the dynamics
of protein metabolism, digestibility, and
fermentation processes. This measure is
often regarded as an indicator of an
animal's metabolic efficiency [3]. When
selecting for RFI, the focus is on breeding
animals that exhibit lower RFI values. A
negative RFI value suggests that the
animal is consuming less feed than what
would be anticipated based on its level of
production and other relevant factors
[15]. This trait is crucial for improving
feed efficiency, which ultimately leads to
better resource utilization and
sustainability in livestock production
systems (Table 1).

Table 1 Economic values, genetics and phenotypic standard deviations, heritability, and

enomic accuracies used as input parameters

Fat Yield 9.22 32.41
Protein Yield 6.31 25.38
Age at First -2.85 13.47
Service
Dry Matter 0.39 134.82
Intake
Residual Feed 0.31 4.09
Intake

57.39 0.27 0.82
44.31 0.26 0.80
49.14 0.07 0.70
220.11 0.39 0.60
9.22 0.27 0.52

By understanding and implementing
RFI in breeding programs, producers can
enhance the overall productivity and
health of their animals while minimizing
waste and costs associated with feed.
Research by Kennedy et al. [16] and Lu et
al. [17] explored the inclusion of FE in
selection indexes through both direct and
indirect selection methods. The findings
of this study align with their earlier
conclusions, indicating that similar
outcomes in selecting for FE can be

achieved using either approach. Direct
selection for FE focuses on the specific
trait, in this case, residual feed intake
(RFI), while indirect selection involves
integrating various components that
contribute to FE into the selection index.
This suggests that breeders can
successfully select for feed efficiency
through either method, providing
flexibility in breeding strategies. By
understanding how these selection
methods work, we can optimize breeding
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programs to enhance feed efficiency overall productivity in livestock (Tables
effectively, which is crucial for improving 2,3,and 4).

Table 2 Relative index weights1, expected response in the aggregate genotype (per year), and
deficiency of variations of the base index when increasing dry matter intake is included as a
breeding goal in economic selection indexes

FatYield 258.81 257.47 259.59 26152 25531 259.47 263.35 25244 25814 269.57

Protein
Yield
Age at
First -14.62 -13.28 -13.41 -16.24 -13.14 -14.29 -1742 -13.45 -1392 -19.27
Service
Dry
Matter - 37.53 29.57 17.41 40.51 30.85 14.46 46.42 33.49 -2.53
Intake

Expected
Response
per
Year ($)
Efficiency
of
Index
%

7139 7041 72.32 77.12  69.03 7218  79.52 66.33 71.63  87.67

7225 7631 7644 76.69 7644 7659 7668 7672 76.84 76.98

- 6.39 6.47 6.59 6.85 7.06 7.49 7.83 8.05 8.42

Table 3 Relative index weights1, expected response in aggregate genotype (per year), and
efficiency of variations of the base index when decreasing dry matter intake is included as a
breeding goal in economic selection indexes

FatYield 257.69 259.23 26134 267.51 259.80 26534 353.80 26172 28159 231.36

Protein
Yield
Age at
First -14.39 -16.38 -21.44 -49.05 -16.50 -22.49
Service

Dry

Matter - -33.59 -4281 -60.11 -31.72 -42.13 -68.15 -31.08 -5431 -86.47
Intake
Expected
Response
per
Year ($)
Efficiency
of
Index

(%)

71.65 7529 8239 11882 7543 8643 300.11 8149 111.08 10.49

160.34 -16.15 -31.14 30.30

7231 6827 6795 67.73 6783 6790 6798 6681 66.74 66.64

-5.13 -5.32 -5.42 -6.25 -6.44 -6.69 -7.39 -7.52 -7.68
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Table 4 Relative index weights1, expected response in aggregate genotype (per year), and
efficiency of variations of inclusion of residual feed intake as a breeding goal in economic
selection indexes2

Fat Yield 257.14 255.49 24710  244.18 238.48 223.16
Protein Yield 71.14 71.59 72.09 73.28 76.51 84.13
Age at First Service -14.14 -14.93 41521 -19.28 -32.16 -47.14
Residual Feed Intake - -5.18 -10.73 -20.33 -32.47 -80.31
Expected Response per 72.24 72.24 72.32 72.52 72.65 72.90
Year ($)
Efficiency of Index (%) - 0.02 0.07 0.23 0.34 0.86

RFI (-0.50) 34.01% 12.55% ‘
RFI (-0.40) 47.13% 1422% |
RFI (-0.30) 51.95% 14.84% ‘

RFI (-0.20)

Base 66.31 15.51% \

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

®mFat Yield ®Protein Yield = Age at First Service = First Service to Conception  m Residual Feed Intake

Figure 1 Relative emphasis of traits in variations of potential correlations between residual feed

intake with production traits and fertility
Trait Response to Selection

In evaluating the response to selection
for different traits, the study compared
how each trait performed when using
indexes that incorporated either DMI or
RFI, as opposed to results from a
standard index. The analysis aimed to
understand the impact of including these
specific intake measures on trait
outcomes, providing insights into their

effectiveness in selection processes. By
examining the variations in trait
performance across these indexes,
researchers aimed to determine the
potential advantages of integrating DMI
or RFI into selection criteria, thereby
enhancing breeding strategies. In the
baseline index, the estimated response to
selection for production traits was found
to be 5.73 kg ($51.28) for Fat Yield (FY)
and 4.08 kg ($20.42) for Protein Yield
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(PY). Additionally, fertility traits showed
an estimated response of -0.22 days
($0.61) for Age at First Service (AFS).
When selection aimed at increasing DMI
was included, there was a slight
reduction in the response to its selection
for FY, while PY experienced a marginal
increase. Interestingly, the AFS showed a
positive response to selection, indicating
an improvement in this area. Overall,
these findings suggest that while DMI
selection can influence production traits,
the effects are minimal. The favourable
response for AFS indicates potential
benefits in reproductive efficiency, which
is crucial for overall herd productivity.
The varying responses to selection
indicate that efforts to enhance dry
matter intake (DMI) might be influenced
by the relationships between different
traits. The initial belief was that by
boosting DMI, animals would receive
more nutrients, which could
subsequently improve their overall
health and fertility. The analysis revealed
that all examined correlations were
predominantly negative. Nevertheless,
the study did not investigate the
possibility of a positive correlation or the
absence of any correlation between DMI
and fertility traits. This aspect remains
unexplored and could offer alternative
insights. If such a positive correlation
exists, it could lead to outcomes contrary
to those observed in this study. The
findings suggest that increasing feed
intake could result in higher operational
costs for farms, as a greater quantity of
feed would be necessary to support this
enhanced intake. Therefore, while the
goal of increasing DMI seems beneficial,
careful consideration of the associated
costs and potential correlations is
essential for effective management and
breeding strategies. Producers generally
view the choice to lower dry matter
intake (DMI) as unfavourable, primarily
because it can lead to decreased
production levels and increase the risk of

fertility issues and health problems [18].
The findings of this study indicate that
intentionally reducing DMI adversely
affected most of the traits evaluated. The
research incorporated residual feed
intake (RFI) as a key indicator of feed
efficiency. This study included RFI as a
measure of feed efficiency, and when
included in the selection index, it
generally had little impact on the other
traits. Unsurprisingly, due to the traits
being uncorrelated, there was very little
change in the response of the production
traits compared to the base. This result
should be taken with caution as in this
work RFI is assumed to be genetically
and phenotypically uncorrelated with
production. Some studies have suggested
that RFI is in fact genetically correlated
with milk yield. Previous studies have
indicated a potential genetic correlation
between RFI and milk production. For
instance, Van Arendonk et al [19]
examined the relationship between RFI
and milk yield across two lactation
periods. Their analysis revealed a slight
genetic correlation of 0.02 between RFI
and milk yield during the first 105 days
in milk (DIM), but this correlation shifted
to -0.12 by 305 DIM. This suggests that
the relationship between feed efficiency
and milk production may vary
significantly over time, highlighting the
complexity of animal breeding decisions.

The most significant change in
comparison to the base scenario was
noted in the RFI scenario, which showed
areduction (-0.50). In this context, the FY
trait exhibited a notable increase in
response to selection at 0.39%, while the
PY trait demonstrated an even larger
response of 1.59% compared to the
baseline. On the other hand, the AFS trait
showed a slightly negative reaction to
selection. While the influence of RFI on
the traits currently in the selection index
appears to be limited, it indicates that
incorporating RFI could be advantageous.
This suggests that RFI has the potential
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to enhance the selection index by adding
value. Considering RFI as part of the
selection process could offer benefits,
even though its impact on existing traits
is not substantial right now. This limited
impact may be influenced by the low
weight assigned to RFI within the index.
Therefore, it is essential to conduct
further analysis on how varying the index
weight for RFI could affect its overall
contribution before deciding to integrate
it into a selection index. This
investigation will provide a clearer
understanding of RFI's potential role and
effectiveness improving selection
outcomes.

The largest change compared to the
base scenario was observed in scenario
RFI (-0.50). In this scenario, FY had a
greater response to selection of 0.39%
and PY had a greater response to
selection of 1.59% compared to the base.
A slightly unfavourable response to
selection was observed in AFS. On
average AFS had a response of 0.85% less
than the base (Figure 1). With this minor
impact on the existing traits within the
current index, it may appear that RFI is
the optimal trait to include in a selection
index. However, this small impact may be
due to the relatively small index weight
for RFI. Therefore, further work should
be done on the impact of a varying index
weights for RFI prior to its inclusion in a
selection index.

Conclusion

This research provides an initial
assessment of the benefits of integrating
feed intake and feed efficiency traits into
a selection index for dairy cattle. The
findings indicate that there is a greater
potential for improvement in the
selection index when the goal is to
enhance dry matter intake compared to
the traditional index. While this might

appear advantageous, aiming to increase
intake can result in higher operational
costs for farms, which is not ideal.
Conversely, attempts to decrease dry
matter intake (DMI) adversely affected
the rate of genetic improvement when
compared to the regular index. Generally,
decreasing DMI did not yield favourable
results, suggesting that such a strategy
should be approached with caution.
Including RFI in the selection index had a
minimal effect, leading to only a modest
improvement in genetic progress
compared to the basic index. The
addition of RFI did not significantly alter
the overall outcomes. Resulting in just a
slight enhancement in genetic
advancement, it seems that residual feed
intake does not significantly influence the
overall response of the index or
individual traits when considered
alongside DMI. Given these observations,
RFI could be a worthwhile trait to focus
on for enhancing feed efficiency in dairy
cattle. However, its relatively low weight
in the index might explain the limited
effect on selection outcomes. Therefore,
further investigations are needed to
explore the implications of assigning a
greater weight to RFI in the selection
index.

Acknowledgments

This research was supported by the
research grant of the University of
Mohaghegh Ardabili extract from the
postdoctoral project with contract
number 380, 2024/09/22.

Competing Interests

The authors declared that there were no
competing interests.

Authors’ Contributions

Reza  Seyedsharifi conceived and
designed the study; Reza Seyedsharifi
and Fatemeh Ala Noshahr supervised the

10|Page



F. Ala Noshahr et al.

Int. J. Adv. Biol. Biomed. Res. 2026, 14(1):1-12

student thesis; Reza Seyedsharifi,
Fatemeh Ala Noshahr, and Nemat
Hedayat-Evrigh conducted the study;
Reza Seyedsharifi and Jamal Seifdavati
supervised the study; Reza Seyedsharifi,
Jamal Seifdavati, and Nemat Hedayat-
Evrigh prepared the manuscript.
Abdolfattah Zeidan Mohammad Salem
contributed data or analysis tools. All
authors approved the manuscript.

Funding

This research was funded by Mohaghegh
Ardabili, Iran).

Availability of Data and Materials
All data and materials are available.
Orcid

Reza Seyedsharifi
https://orcid.org/0000-0003-4593-2058
Fatemeh Ala Noshahr
https://orcid.org/0009-0003-2383-3486
Jamal Seifdavati
https://orcid.org/0000-0001-6794-4450
Nemat Hedayat-Evrigh
https://orcid.org/0000-0002-6802-6739
Abdolfattah Zeidan Mohammad Salem
https://orcid.org/0000-0001-7418-4170

References

[1]. Hemme, T., Uddin, M.M., Ndambi, 0.A.,,
Benchmarking cost of milk production in 46
countries. Journal of Reviews on Global
Economics, 2014, 3, 254.

[2]. Safdar, A., Kia, H., Response of lactating
dairy ruminant to different profiles of dietary
calcium soaps of fatty acids. 2013.

[3]. Pryce, ]., Gonzalez-Recio, 0., Nieuwhof, G.,
Wales, W.,, Coffey, M., Hayes, B., Goddard, M.,
Hot topic: Definition and implementation of a
breeding value for feed efficiency in dairy
cows. Journal of Dairy Science, 2015, 98(10),
7340-7350.

[4]. Herd, R., Bishop, S., Genetic variation in
residual feed intake and its association with
other production traits in british hereford

cattle. Livestock Production Science, 2000,
63(2),111-1109.

[5]. Boulton, A., Rushton, ]., Wathes, D., An
empirical analysis of the cost of rearing dairy
heifers from birth to first calving and the
time taken to repay these costs. Animal,
2017,11(8),1372-1380.

[6]. Richardson, M.R.C., The incorporation of
efficiency traits into the canadian dairy
selection index, Doctoral dissertation,
University of Guelph . 2017.

[7]. Deng, K. The effect of multiple
component pricing sytem on productivity
and technical efficiency of ontario dairy
farms, Doctoral dissertation, University of
Guelph. 2021.

[8]. De Vries, A., Economic trade-offs
between genetic improvement and longevity
in dairy cattle. Journal of Dairy Science, 2017,
100(5), 4184-4192.

[9]. De Haas, Y., Pryce, ], Calus, M., Wall, E,,
Berry, D., Lgvendahl, P., Krattenmacher, N,
Miglior, F., Weigel, K., Spurlock, D., Genomic
prediction of dry matter intake in dairy cattle
from an international data set consisting of
research herds in europe, north america, and
australasia. Journal of Dairy Science, 2015,
98(9), 6522-6534.

[10]. Byskov, M., Fogh, A, Lgvendahl, P,
Genetic parameters of rumination time and
feed efficiency traits in primiparous holstein
cows under research and commercial
conditions. Journal of Dairy Science, 2017,
100(12), 9635-9642.

[11]. Hardie, L., VandeHaar, M., Tempelman,
R., Weigel, K, Armentano, L., Wiggans, G.,
Veerkamp, R., De Haas, Y., Coffey, M., Connor,
E., The genetic and biological basis of feed
efficiency in mid-lactation holstein dairy
cows. Journal of Dairy Science, 2017,
100(11),9061-9075.

[12]. Negussie, E., Mehtio, T., Mantysaari, P.,
Lgvendahl, P., Mantysaari, E. Lidauer, M,
Reliability of breeding values for feed intake
and feed efficiency traits in dairy cattle:
When dry matter intake recordings are
sparse under different scenarios. Journal of
Dairy Science, 2019, 102(8), 7248-7262.
[13]. Pech, C.M., Veerkamp, R., Calus, M., Zom,
R, Van Knegsel, A, Pryce, ], De Haas, Y,
Genetic parameters across lactation for feed
intake, fat-and protein-corrected milk, and
liveweight in first-parity holstein cattle.

I11|Page


https://orcid.org/0000-0003-4593-2058
https://orcid.org/0009-0003-2383-3486
https://orcid.org/0000-0001-6794-4450
https://orcid.org/0000-0002-6802-6739
https://orcid.org/0000-0001-7418-4170
https://www.lifescienceglobal.com/pms/index.php/jrge/article/view/1977
https://www.lifescienceglobal.com/pms/index.php/jrge/article/view/1977
https://www.cabidigitallibrary.org/doi/full/10.5555/20133231285
https://www.cabidigitallibrary.org/doi/full/10.5555/20133231285
https://www.cabidigitallibrary.org/doi/full/10.5555/20133231285
https://www.sciencedirect.com/science/article/pii/S002203021500555X
https://www.sciencedirect.com/science/article/pii/S002203021500555X
https://www.sciencedirect.com/science/article/pii/S002203021500555X
https://www.sciencedirect.com/science/article/abs/pii/S0301622699001220
https://www.sciencedirect.com/science/article/abs/pii/S0301622699001220
https://www.sciencedirect.com/science/article/abs/pii/S0301622699001220
https://www.sciencedirect.com/science/article/abs/pii/S0301622699001220
https://www.cambridge.org/core/journals/animal/article/an-empirical-analysis-of-the-cost-of-rearing-dairy-heifers-from-birth-to-first-calving-and-the-time-taken-to-repay-these-costs/52E5099FB22AA521C3E155D64B2FAADC
https://www.cambridge.org/core/journals/animal/article/an-empirical-analysis-of-the-cost-of-rearing-dairy-heifers-from-birth-to-first-calving-and-the-time-taken-to-repay-these-costs/52E5099FB22AA521C3E155D64B2FAADC
https://www.cambridge.org/core/journals/animal/article/an-empirical-analysis-of-the-cost-of-rearing-dairy-heifers-from-birth-to-first-calving-and-the-time-taken-to-repay-these-costs/52E5099FB22AA521C3E155D64B2FAADC
https://www.cambridge.org/core/journals/animal/article/an-empirical-analysis-of-the-cost-of-rearing-dairy-heifers-from-birth-to-first-calving-and-the-time-taken-to-repay-these-costs/52E5099FB22AA521C3E155D64B2FAADC
https://atrium.lib.uoguelph.ca/items/bd40fbcc-ecc2-4c3b-94f1-550ba0f52136
https://atrium.lib.uoguelph.ca/items/bd40fbcc-ecc2-4c3b-94f1-550ba0f52136
https://atrium.lib.uoguelph.ca/items/bd40fbcc-ecc2-4c3b-94f1-550ba0f52136
https://atrium.lib.uoguelph.ca/items/f4f43d80-a723-401b-bfca-c1a8468b4ea4
https://atrium.lib.uoguelph.ca/items/f4f43d80-a723-401b-bfca-c1a8468b4ea4
https://atrium.lib.uoguelph.ca/items/f4f43d80-a723-401b-bfca-c1a8468b4ea4
https://atrium.lib.uoguelph.ca/items/f4f43d80-a723-401b-bfca-c1a8468b4ea4
https://www.sciencedirect.com/science/article/pii/S0022030217301467
https://www.sciencedirect.com/science/article/pii/S0022030217301467
https://www.sciencedirect.com/science/article/pii/S0022030217301467
https://www.sciencedirect.com/science/article/pii/S0022030215004919
https://www.sciencedirect.com/science/article/pii/S0022030215004919
https://www.sciencedirect.com/science/article/pii/S0022030215004919
https://www.sciencedirect.com/science/article/pii/S0022030215004919
https://www.sciencedirect.com/science/article/pii/S0022030215004919
https://www.sciencedirect.com/science/article/pii/S0022030217308718
https://www.sciencedirect.com/science/article/pii/S0022030217308718
https://www.sciencedirect.com/science/article/pii/S0022030217308718
https://www.sciencedirect.com/science/article/pii/S0022030217308718
https://www.sciencedirect.com/science/article/pii/S0022030217307920
https://www.sciencedirect.com/science/article/pii/S0022030217307920
https://www.sciencedirect.com/science/article/pii/S0022030217307920
https://www.sciencedirect.com/science/article/pii/S002203021930459X
https://www.sciencedirect.com/science/article/pii/S002203021930459X
https://www.sciencedirect.com/science/article/pii/S002203021930459X
https://www.sciencedirect.com/science/article/pii/S002203021930459X
https://www.sciencedirect.com/science/article/pii/S0022030214004974
https://www.sciencedirect.com/science/article/pii/S0022030214004974
https://www.sciencedirect.com/science/article/pii/S0022030214004974

F. Ala Noshahr et al.

Int. J. Adv. Biol. Biomed. Res. 2026, 14(1):1-12

Journal of Dairy Science, 2014, 97(9), 5851-
5862.

[14]. Bilal, G., Cue, R.,, Hayes, ]., Genetic and
phenotypic associations of type traits and
body condition score with dry matter intake,
milk yield, and number of breedings in first
lactation canadian holstein cows. Canadian
Journal of Animal Science, 2016, 96(3), 434-
447.

[15]. Connor, E., Invited review: Improving
feed efficiency in dairy production:
Challenges and possibilities. Animal, 2015,
9(3), 395-408.

[16]. Kennedy, B., Van der Werf, ],
Meuwissen, T. Genetic and statistical
properties of residual feed intake. Journal of
Animal Science, 1993, 71(12), 3239-3250.

[17]. Lu, Y. Vandehaar, M., Spurlock, D,
Weigel, K., Armentano, L., Staples, C., Connor,
E., Wang, Z., Bello, N.,, Tempelman, R, An
alternative approach to modeling genetic
merit of feed efficiency in dairy cattle. Journal
of Dairy Science, 2015, 98(9), 6535-6551.
[18]. Gonzalez, L. Tolkamp, B., Coffey, M.,
Ferret, A., Kyriazakis, I, Changes in feeding
behavior as possible indicators for the
automatic monitoring of health disorders in
dairy cows. Journal of Dairy Science, 2008,
91(3),1017-1028.

[19]. Van Arendonk, ]., Nieuwhof, G., Vos, H.,
Korver, S., Genetic aspects of feed intake and
efficiency in lactating dairy heifers. Livestock
Production Science, 1991, 29(4), 263-275.

How to cite this article:

R. Seyedsharifi, F. Ala Noshahr, J. Seifdavati, N. Hedayat-Evrigh, A. Z. M. Salem. The
Integration of Dry Matter Intake and Residual Feed Intake into a Selection Index for
Dairy Cattle. International Journal of Advanced Biological and Biomedical Research,

2026, 14(1), 1-12.

DOI: https://doi.org/10.48309/ijabbr.2026.2065608.1633
Link: https://www.ijabbr.com/article_728692.html

Copyright © 2026 by authors and SPC (Sami Publishing Company) + is an open access
article distributed under the Creative Commons Attribution License(CC BY) license

(https://creativecommons.org/licenses/by/4.0/),

which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.

12|Page



https://cdnsciencepub.com/doi/full/10.1139/cjas-2015-0127
https://cdnsciencepub.com/doi/full/10.1139/cjas-2015-0127
https://cdnsciencepub.com/doi/full/10.1139/cjas-2015-0127
https://cdnsciencepub.com/doi/full/10.1139/cjas-2015-0127
https://cdnsciencepub.com/doi/full/10.1139/cjas-2015-0127
https://www.cambridge.org/core/journals/animal/article/abs/invited-review-improving-feed-efficiency-in-dairy-production-challenges-and-possibilities/7DF7969D091B945A64435DAAB79BFB31
https://www.cambridge.org/core/journals/animal/article/abs/invited-review-improving-feed-efficiency-in-dairy-production-challenges-and-possibilities/7DF7969D091B945A64435DAAB79BFB31
https://www.cambridge.org/core/journals/animal/article/abs/invited-review-improving-feed-efficiency-in-dairy-production-challenges-and-possibilities/7DF7969D091B945A64435DAAB79BFB31
https://academic.oup.com/jas/article-abstract/71/12/3239/4632278
https://academic.oup.com/jas/article-abstract/71/12/3239/4632278
https://www.sciencedirect.com/science/article/pii/S0022030215005111
https://www.sciencedirect.com/science/article/pii/S0022030215005111
https://www.sciencedirect.com/science/article/pii/S0022030215005111
https://www.sciencedirect.com/science/article/pii/S0022030208713584
https://www.sciencedirect.com/science/article/pii/S0022030208713584
https://www.sciencedirect.com/science/article/pii/S0022030208713584
https://www.sciencedirect.com/science/article/pii/S0022030208713584
https://www.sciencedirect.com/science/article/abs/pii/030162269190103W
https://www.sciencedirect.com/science/article/abs/pii/030162269190103W
https://doi.org/10.48309/ijabbr.2026.2065608.1633
https://www.ijabbr.com/article_728692.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

