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Milk production traits are highly focussed in dairy cattle
breeding programmes due to their direct relationship with
the economy of dairy farming. This kind of single trait
selection improves the milk production potential of cows with
some adverse effects on health and reproduction capacity
of animals. Repeated practice of single trait selection and
multi traits selection omitting health traits in dairy cattle
improvement programmes of various countries has resulted
in high disease losses, increased reproductive failure,
extended cost of maintenance of animals and higher culling
rate. Higher incidence of health problems as a consequence
of genetic improvement for milk production indicates the
existence antagonistic genetic relationship between milk
production traits and disease resistance (Simianer et al.
1991). This relationship signifies the importance of
redesigning of traditional selection programmes.

Groen (1996) defined the term functional traits as ‘the
characters of animals which increases the efficiency not by
higher output of product but by reduced cost of input’.
Functional traits are classified into different categories
namely calving abnormalities, udder health traits, fertility
traits, metabolic stress, feet and leg problems and longevity
(ICAR, 2019). Dystocia and stillbirth are two economically
important calving traits regularly used in genetic evaluation
of dairy animals in dairy advanced countries. Intensity of
dystocia is measured as maternal calving ease which shows
the easiness of cows giving birth, and direct calving ease
which is referred to calf. Udder health traits include udder
conformation traits, incidence of clinical mastitis and somatic
cell score. The traits included in fertility category are non-
return rate, calving interval, days open and incidence of
fertility disorders like retained placenta, cystic ovary and

ABSTRACT
The general practice of selection of dairy animals concentrating high milk production has unwanted consequences like occurrence of
health problems and fertility issues. Functional traits, including health and fertility, have significant genetic association with production
and reproduction performance traits. Functionally superior dairy cows are healthy and sustained producers of healthful food for
calves and human consumption. Improvement in functional traits rises the economy of dairy farmers by reducing the cost of input.
These facts emphasised the inclusion of functional traits along with other economically important traits in selection criteria for the
improvement of dairy animals. Hence, most of the dairy advanced countries have included genetic evaluation of functional traits as
a routine practice in their dairy cattle selection programmes. In India, comparatively limited works have been carried out on functional
traits and it suggested exploring more on this area for further development of the dairy sector. This review details the importance of
inclusion of functional traits in genetic evaluation of dairy cattle for overall development of the dairy industry.
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metritis. The functional traits, feed efficiency and body
condition score are considered as metabolic stress traits.
The common feet and leg traits used in genetic evaluation
of dairy animals are feet and leg conformation, locomotion
and clinical incidence of claw diseases. Longevity of dairy
animals may be true or functional (Ducrocq, 1988). In case
of true longevity, level of milk production is the sole cause
of disposal whereas in functional longevity, disposal reasons
other than milk production are considered. Along with the
categorised traits, temperament traits and other health
disorders have also been considered for assessing the
functional efficiency of the animals. Genetic inadequacy in
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dairy animals for functional traits may affect the wellness of
animals, economy of farmers and health of consumers of
dairy animal produce. In this review, the essentiality of
genetic improvement of dairy animals for functional traits is
focused in detail.

Importance of functional traits
In the recent past, the interest level of consumers to know
the source of food and their awareness on healthy foods
have been risen considerably. Consumers always prefer to
get healthful foods. Unhealthy animals may not produce
healthy food. Health disorders like feet and leg problems
have huge negative impacts on welfare of dairy animals and
healthy food production (Huxley, 2013). Further, the effects
of drugs used in animal treatment like development of
antibiotic resistance, have considerably influenced the food
choice of people in developed countries. These concerns
of consumers demand the dairy industry to give more
importance on welfare and health of animals (Boettcher,
2005).

Two important factors which affect the economy of dairy
farming are quantity of production and cost of production.
Functional traits are economically more connected with both
the factors. Inferiority in dairy animals for functional traits
inflates the disease losses and shorten the period of
production to reduce quantity of yield. The reasons of
economic losses due to abnormal calving include increased
numbers of days open, reduced longevity, less milk yield
and calf loss (Bicalho et al. 2008). Kumar et al. (2017)
assessed the effect of calving abnormalities and found
declining trend of production and reproduction performances
in Frieswal cows that experienced an abnormal parturition.
Fertility problems in dairy animals may be arisen as a
consequence of abnormal calvings. Fertility problems
reduces the profit to farmers in dairy farming through the
means of additional number of inseminations, increased cost
of treatment, extended lactation length with less production
and more maintenance cost, modified performance in
subsequent lactations and higher culling rate (Boichard,
1990). Similarly, udder health problems cause economic
losses to the farmers through their consequences viz.,
reduction in quantity and quality of milk produced and
expenses of labour, treatment and diagnostics (Hogeveen
et al. 2011). An economic study on mastitis in Karan Fries
cows by Jingar (2013) showed the average loss in milk yield
per day, average mastitis days and average production loss
as 4.45 to 5.40 kg, 15.10 to 17.76 days and Rs. 754.80 to
1020.24 respectively.

Metabolic stress in dairy animals, a result of inefficient
feed utilization, escalates the cost of production through
rising health and fertility issues and lessening milk
production and longevity (Wathes, 2012). Feet and leg
problems increase the loss to the dairy farmers via, the
treatment cost, less milk production, reduction in fertility,
and expenses associated with culling and replacement
(Huxley, 2013). An association study on claw disorders and
milk losses by Charfeddine and Perez-Cabal (2017) estimated

the loss of energy corrected milk in affected cows per day
as 1.47 to 2.66 kg. Functional longevity, a functional trait
well associated with all other functional traits, exhibits its
effect on economy of dairy farming through cost of rising or
purchasing of replacement cows. Hence, the inclusion of
functional traits in selection criteria is becoming essential
for real improvement of dairy animals and dairy production
system.

Recording of data for genetic evaluation of
functional traits
The important sources of information on animal health and
conformation are veterinarians, animal owner or producer
and expert groups. Details of animal assessment by
veterinarian, veterinary diagnosis and treatment registers,
observations of owners and information from experts on
specific problems are considered for recording of health traits
(ICAR, 2019). The recorded information may be classified
into the categories of direct and indirect data. The direct
data includes diagnoses or observations of diseases and
findings indicative of diseases from clinical signs whereas
the indirect data comprises indicator traits of diseases like
somatic cell count for subclinical mastitis and body condition
score for metabolic stress. Recording of artificial
insemination dates, calving dates, date of cessation of
lactation and pregnancy diagnosis are essential for
estimation of some fertility traits like non-return rate, inter
calving interval and days open. To make complete data about
the udder health, udder conformation traits need to be
recorded. Likewise, the recording of feet and leg
conformation traits is essential to assess lameness and
locomotion traits of dairy animals. Precise recording of
health, conformation and fertility traits is vital for higher
selection accuracy in dairy cattle improvement programmes.

Genetic parameters of functional traits
Heritability
Heritability estimates of functional traits are found in the
range from very low to low. Heritability of different functional
traits estimated during different periods are presented in
(Table 1). Boettcher (2005) analysed the heritability
estimates of calving interval, mastitis, retained placenta,
longevity and cystic ovaries and confirmed the low heritable
nature of functional traits. On his assessment of indicator
traits like body condition score, somatic cell count, udder
depth, teat length and foot angle, he revealed that the value
of heritability estimates of indicator traits is higher when
compared to their related direct functional traits. Hence, the
indicator traits are considered as profoundly valuable
attributes for getting higher accuracy of genetic evaluations
when they are included alongside direct functional traits.
Heritability estimates of feet and leg diseases are relatively
less compared with those of feet and leg conformation traits
(Buch et al. 2011). The range of recorded heritabilities of
individual hoof diseases is found between 0.01 to 0.14 (Van
der Spek et al. 2013; Malchiodi et al. 2017). The existing
genetic variance in different functional traits is low but it has
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been reported as enough for selection of dairy animal
ssuperior in those traits (Pryce et al., 1997; Miglior et al.
2017).

Genetic correlation
The relationship between milk yield traits and fertility traits
were studied extensively and revealed it as antagonistic
(VanRaden et al. 2004; Pryce et al. 2004). Due to this
unfavorable genetic correlation, the practice of selection for
high milk production deteriorates the fertility of dairy animals.

On realization of economic importance of fertility traits and
their genetic relationship with production traits, the
incorporation of fertility traits in selection programmes is
becoming routine practice in many countries. The genetic
relationship detailed between calving traits and reproduction
traits is found to be positive. Heringstad et al. (2007) studied
the relationship between stillbirth and calving difficulty and
found direct relationship as 0.79 and maternal relationship
as 0.62.  The relationship between maternal and direct effect
of calving abnormalities is strong and negative (Thompson

Table 1: Heritability estimates of functional traits.

Trait Breed Heritability Reference

Calving disorders Karan fries 0.04-0.12 Sharma et al. 2011b
Karan fries 0.101-0.230 Balasundaram et al. 2011

Still birth Crossbred cows and sahiwal 0.014 Singh and Singh, 1998
Karan fries 0.086 Mukherjee et al. 1993

Calving ease direct Holstein 0.12 Eaglen et al. 2012
Italian holstein 0.08 Pintus et al. 2013

Calving ease maternal
Holstein 0.02 Eaglen et al. 2012
Italian holstein 0.036 Pintus et al. 2013
Hariana 0.20 Sethi and Balaine, 1978

Retention of placenta
Karan fries 0.068 Mukherjee et al. 1993
Fleckvieh 0.060 Egger-Danner et al. 2015
Holstein 0.04 Gernand et al. 2012
Karan fries 0.17 Sharma et al. 2011a

Metritis Karan fries 0.015 Mukherjee et al. 1993
Holstein 0.006-0.262 Berry et al. 2014

Longevity Holstein 0.080–0.084 Sasaki et al. 2012
Norwegian red 0.04 Holtsmark et al. 2008
Swedish red cows 0.014 Buch et al. 2010

Clinical mastitis Holstein 0.03 Koek et al. 2014
Holstein 0.07-0.08 Urioste et al.2012

Repeat breeding syndrome Karan fries 0.07-0.19 Sharma et al. 2011c

Somatic cell score
Swedish red cows 0.14 Buch et al. 2010
Dairy cattle breeds 0.01-0.13 De Hass et al. 2008
Holstein 0.03 Koek et al. 2014

Cystic ovary Holstein 0.06 Gernand et al. 2012

Residual feed intake Holstein 0.0-0.32 Pryce et al. 2014
Dairy cattle breeds 0.01-0.40 Connor, 2015
Holstein 0.016-0.070 Berry et al. 2014

Number of Swedish red cows 0.018 Buch et al. 2010
inseminations/service Swedish red and white breed 0.022-0.031 Philipson and Lindhae, 2003
Age at first calving Holstein 0.07-0.024 Berry et al. 2014
Days from calving to first insemination Swedish red cows 0.038 Buch et al. 2010
Calving interval Karan fries 0.15 Dash et al. 2018
Service period Karan fries 0.18 Dash et al. 2018

Swedish red cows 0.03-0.05 Buch et al. 2011
Hoof diseases Fleckvieh 0.02 Fuerst-Waltl et al. 2012
Lameness Holstein 0.02 Koek et al. 2014
Laminitis Holstein 0.06 Gernand et al. 2012
Fore udder attachment Italian holstein 0.2 Pintus et al. 2013
Teat length Dairy cattle breeds 0.09- 0.15 Boettcher, 2005
Udder depth Italian holstein 0.3 Pintus et al. 2013
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et al. 1981; Boldman and Famula, 1985). Hence, Dekker (1994)
suggested to include both direct and maternal effects of calving
abnormalities in index for the best results of sire selection.

The genetic correlation of somatic cell count (0.60 to
0.80) (Carlen et al. 2004), days from calving to first
insemination (0.38± 0.05) and number of inseminations (0.05
± 0.06) (Buch et al. 2010) with mastitis were reported as
positive. In the same range, genetic correlations for mastitis
with other traits have also been estimated many times
(Heringstad et al. 2006; Norberg et al. 2009). Based on the
reported genetic correlation among health and conformation
traits, some traits were identified as indicator traits of
functional traits.  Because of the strong positive correlation
between somatic cell count and incidence of mastitis, the
former trait is used as indicator trait for the later one. Similar
relationship is reported between fertility traits and body
condition scoring (BCS) and hence, BCS have been
considered as indicator trait for fertility traits in genetic
evaluations (Miglior et al. 2017). Udder conformation
deformities and udder health problems adversely influence
the functional longevity of milch cows. Dairy animals with
low mammary score are highly prone for mammary injury
and high risk of culling from the herd voluntarily. The genetic
relationship reported between mastitis and milk yield is
positive and found to be in the range from 0.35 to 0.56
(Kadermideen et al. 2000; Koivula et al. 2005; Koeck et al.
2014). Similar genetic correlation is revealed between
incidence of cystic ovary and milk yield (Hooijer et al. 2001).
These correlations demonstrated that the dairy cows
predominant in milk production are more susceptible to
mastitis and cystic ovaries.

Feet and leg problems were recorded as one of the
common causes for involuntary culling of dairy animals. The
genetic correlation reported between feet and leg diseases
and longevity is negative (-0.42 to -0.43) and strong (Nielsen
et al. 1999). In this respect, the deviations in longevity of
dairy animals is exhibited through the channel of existing
genetic correlation of feet and leg diseases with milk
production traits (Koenig et al. 2005). The value of genetic
correlation recorded between feet and leg diseases and
conformation traits is found in the range of low to moderate
(Van der Waaij et al. 2005; Uggla et al. 2008). An
assessment on genetic correlation between longevity and
production traits by Sasaki (2013) showed the varying nature
of genetic correlation across breeds, periods and countries.
The existence of unfavourable genetic correlation between
milk production traits and functional traits suggested that
the simultaneous genetic selection for both types of traits is
necessary for overall improvement of dairy animals.

Genetic evaluation and selection of dairy  animals
for functional traits
Impediments in selection of dairy animals for functional
traits
Low heritability estimates of functional traits and difficulty in
data recording are the common obstacles encountered in

genetic evaluation programmes for functional traits. Recent
advancements in data recording and computing
methodologies increased the feasibility of genetic evaluation
for functional traits.  In genetic selection, higher accuracy
can be expected if the heritability of the traits included is
high. To increase the accuracy of selection for lowly heritable
functional traits, the number of daughters per sire in
evaluation need to be increased. Further, the inclusion of
indicator traits having a high degree of genetic correlation
with functional traits in selection will extend the accuracy.
Incorporation of indicator traits like somatic cell count for
mastitis, body condition scoring for metabolic disorders and,
feet and leg traits for lameness and other locomotive
disorders along with the direct functional traits in selection
increases the accuracy of selection (Boettcher, 2005).
Further, the use of genomic information of functional traits
may overcome the problems of low heritability and difficult
to record phenotypes.

Genetic evaluation
Use of precise information on relevant economically
important traits including functional traits makes the genetic
evaluations of dairy animals more accurate. Most of the
functional traits are not normally distributed. Regardless of
this fact, the linear models are regularly used in genetic
evaluations because of their methodological simplicity.
Animal model is most commonly used in estimation of
breeding values of functional traits. For conformation traits
and female fertility traits, animal model is the method of
choice. However, the method often used for genetic analysis
of longevity is survival analysis. Random regression models
are useful for estimation of longitudinal breeding values for
the traits like somatic cell count and milking speed.
Threshold models have been tried for some of the functional
traits like lameness (Boettcher et al. 1998), longevity
(Boettcher et al. 1999), calving ease (Luo et al. 2002),
mastitis (Rekaya et al. 2003) and fertility (Averill et al. 2004).
The recent development, genomic selection, is highly
suitable for difficult-to-measure functional traits, provided
the size of reference cow population is large enough. For
higher accuracy of prediction, genomic information of
indicator traits may also be used in genomic selection (Pryce
et al. 2018).

Considerations for estimation of economic values of
functional traits
In breeding programmes, selection of traits and weighting
factor to each selected trait are emphasized for improvement
of animals. The weighting factor applied to each trait is called
as economic value and it decides how much to be improved
in the selected trait (Groen et al. 1997). Treatment expense
and milk loss are commonly considered for the assessment
of economic losses due to health problems. The treatment
expenditure includes number of days animal in disease,
veterinarian charge and price of medicines used. For
multiple incidences of a disease, cost of that disease may
be arrived by multiplying per incidence cost with number of
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incidences. Cost of extra labour working hours is also
included in cost per incidence. The reduction in quantity of
milk produced due to a health problem is weighed as milk
lost. Price of milk is considered for conversion of quantity of
milk lost to the monetary value. For the estimation of
economic value of fertility traits, cost of insemination, cost
of hormones or medicines and veterinarian charge are
considered as influencing factors (Kargo et al. 2014).
Economic value of functional traits varies with the production
circumstances and methods applied for calculation. Accurate
estimation of economic values of functional traits facilitates
the precise genetic evaluation.

Total merit index for selection
In multi-traits selection, an index value is calculated from
breeding values of economically important traits and their
economic values for genetic selection. A new method of
selection index called total merit index is widely practiced in
dairy advanced countries. Total merit index is a combined
index in which the typical selection index values derived for
different traits groups are aggregated. In breeding goals of
modern dairy production systems, more functional traits are
included along with several economically important
performance traits (Pfeiffer et al. 2015). These traits are
grouped into distinguished categories viz., milk production
traits, growth traits, fertility traits, calving traits, udder health
traits, claw health traits, conformation traits, temperament
traits and longevity. For each category, a typical selection
index is constructed and these indices are called as sub-
indices of the total merit index. Each sub index is multiplied
by a weighting factor and summed all to get a single value.
This value is called as total merit index which provides the
estimated breeding value of dairy animals. In total merit
index, the weighting factor for each group of traits are
decided based on the breeding goal of the programme or
the country. Total merit indices used in different countries
are varying in their composition like number of traits category
used, type and number of traits used in each category and
weights given to each sub index. The total merit indices
developed from Spain, The Netherlands-Flanders, Nordic
countries, Poland, Germany and USA are Indice de Merito
Genetico Total (ICO), Netherland Cattle Improvement Index
(NVI), Nordic Total Merit index (NTM), production and
functionality index (PF), Relativ-Zuchtwert Gesamt (RZG)
and net merit index (NM) respectively (Egger-Danner et al.
2015). Among the different indices, functional traits are
included much earlier in NTM.

In Nordic countries, animal recording system is well
established for functional traits, in line with the recoding
system for performance traits. The total merit index, NTM is
used for the selection of Nordic red breeds, Holstein and
Jersey cattle. Around 60 traits have been used under 14
categories. The breeding scheme with NTM have yielded
higher lactation milk production, improved fertility and
reduced incidence of diseases. Improvement in animals
were recorded as 73.4 per cent of 60 day non-return rate,
seven per cent of reduction in the incidence of mastitis from

28 to 21 per cent and less than 2 per cent of incidence of
calving difficulties (FAO, 2007).

The criteria, Annual Monetary Genetic Gain (AMGG) is
used for evaluation of different total merit indices. AMGG is
described as ‘the monetary superiority per year of the
progeny of the selected animals after one selection cycle in
the breeding unit’ (Willam et al. 2002). It is reported that the
inclusion of functional traits in total merit index of different
breeding programmes has positive effect on AMGG.
Inclusion of functional traits increased the AMGG to11 % in
Simmental cows and to 17% in Brown-Swiss cows (Willam
et al. 2002). A comparative study by Thomasen et al. (2014)
declared that the contribution of functional traits to AMGG
in different breeding schemes is significant and highest
(36.2%) in turbo breeding scheme.

CONCLUSION
Health of dairy animals is being realized as one of the central
building blocks of healthy milk production system which
favours animals as well as producers and consumers.
Another building block, fertility of dairy animals is vital for
economically sustainable dairy farming. Desirable
temperament traits of dairy animals make the management
easy and effective.  The high producing dairy animals sound
in functional traits progress the owners to economically
wealthy state and provide healthy food to consumers. Hence,
the improvement of dairy animals for functional traits is
inevitable for establishment of healthy milk production
system. Obstacles in evaluation for functional traits have
been overcome by the new methods and technologies
emerged in the area of dairy cattle breeding. The new
developments like, genomic selection, automated recording
systems, advancements in data analysis tools and
identification of better indicator traits, and other emerging
technologies have been increasing the efficiency of genetic
evaluation for functional traits. Establishment of accurate
data recording system and use of efficient method of genetic
evaluation for functional traits and other economic traits may
favour the overall development of dairy sector in the
developing countries like India.
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