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ABSTRACT

Milk quantity and quality traits in cattle are affected by udder health, breed, genetic (such as heritability,
repeatability, and heterosis), and environmental factors. The present study was designed to evaluate the effect of
udder health, genetic factors and environmental factors on milk performance traits in cattle breeds. The study was
conducted on four dairy farms in Khyber Pakhtunkhwa, Pakistan. A total of 291 milk samples and 547 records
were collected from lactating cattle ranging between parities one to six. For milk performance traits and udder
health, each milk sample was analysed for milk composition (fat %, protein %, and lactose %) and SSC (by
direct microscopic SCC method). The data were analysed using a generalized linear model of SAS studio for the
effect of the SCC, breed, and herd on milk performance while wombat and CFC for the analysis of genetic and
non-genetic factors. The results showed that animals with higher SCC have significantly lower (P<0.01) milk
fat %. Breed-wise analysis showed significantly higher (P<0.01) protein % in Achai, lactose % in Jersey and its
crossbred (Jersey x Achai), and LMY was recorded significantly higher in Friesian and its crossbred Jersey x
Friesian (JF). The analysis of the environmental effect on milk composition and LMY showed that animals kept
in the different herds have significantly different (P<0.01) milk compositions and LMY. The estimates of additive
genetic variance (V,), variance of the permanent environment (V_), and estimates of phenotypic variation (Vp)
were recorded highest for SCC. The analysis of the effect of genetic factors (i.e. heritability, repeatability, and
heterosis) revealed that estimation of heritability was highest (0.59) for age at first calving (AFC) while lowest
(0.00) for calving interval (CI), and estimation of repeatability was highest (0.99) for AFC while lowest (0.00)
for CI. The results of heterosis analysis showed that crossbred (Achai x Jersey) had positive heterosis for milk
composition traits and SCC while negative heterosis for LMY compared to their purebreds. The study concluded
that crossbred, better herd management and nutrition, and selection based on genetic factors (such as heritability,
repeatability, and heterosis) can bring improvement in milk performance traits and udder health.
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The annual milk production in Pakistan is about 44,977
thousand tonnes (Aujla and Hussain, 2015). Though
the annual milk production is high, however, the milk
production per head is quite low compared to the developed
countries (Usman et al., 2014). Many factors cause low
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productivity per head, including late age at maturity, lower
genetic potential of the dairy cattle, nutrition status, longer
calving intervals, inadequate artificial insemination, and
various diseases i.e. mastitis (Usman ef al. 2012).

Mastitis is an inflammatory disease of lactating
animals that affects udder health resulting in a reduction in
the quality and quantity of milk (Usman et al., 2016). This
disease manifests in two forms, i.e. clinical (CM) and sub-
clinical mastitis (SCM). Mastitis causes huge economic
losses to dairy farmers and the dairy industry worldwide.
The higher rate of clinical mastitis is also linked with lower
reproductive performance (Ali ef al., 2020). Somatic cells
are normal constituents of milk, but a high level of somatic
cell count (SCC) in milk affects its quality, quantity and
price. SCC or log-transformed somatic cell score (SCS) are
useful indicators of mastitis and could be used in selection
programs to lower the incidence of mastitis (Pant et al.,
2007; Usman et al., 2015). To combat the per capita lower
milk production in indigenous non-descript dairy cattle,
the government of Pakistan imported high yielding cattle
i.e. Holstein Friesian and Jersey from the western world.
The crossbreeding of local breed with Holstein-Friesian
shows a much faster rate of improvement in the milk
production (Usman ef al., 2012). Though, milk production
improved by crossing these high yielding exotic breeds
with local cattle, however, mastitis was also seen with the
increasing trend in these exotic and crossbred cattle (Khan
etal., 2019).

The estimates of genetic parameters (i.e. heritability
and repeatability) of different production and reproduction
traits, and genetic correlations among them are necessary
to formulate the effective breeding procedures and for the
estimation of breeding values (Jadoa ef al., 2011). For an
individual trait, the genetic variability is calculated by
heritability estimates of a trait in certain environmental
conditions in a herd or population (Goshu et al., 2014).
Repeatability is a ratio of an individual’s inferiority
or superiority for a specific trait, which is expected to
be shown in future life, i.e. dry period, lactation milk
yield (LMY), calving interval (CI), and lactation length,
etc. It is an essential parameter to estimate the lifetime
performance of an individual (Cilek and Sahin, 2009).

Seasonal wvariation and harsh environmental
conditions in tropical and subtropical regions badly
affect the performance traits of dairy cattle that results
in great economic loss to the dairy industry worldwide
(Linington, 1990). The true genetic ability of an animal
may be suppressed by environmental factors that lead
to favouritism in the selection of animals. The outcome
of genetics and environment interaction (GxE) may
decrease a selection response or render selection programs
economically less effective (Montaldo, 2001). Heterosis

is an important parameter, used in the breeding programs
for better selection of desirable traits and has shown
improvements in productive, reproductive, and growth
traits (Lembeye et al., 2016).

In order to improve the milk production traits under
subtropical conditions, it is, therefore, necessary to
evaluate the effects of both genetic and non-genetic factor
on incidence of mastitis and milk yield traits in dairy cattle.
The present study aimed to evaluate the effect of different
genetic (i.e. estimates of heritability and repeatability,
and heterosis) and non-genetic factors (i.e. breed, herd,
season and year) on the mastitis related traits and milk
performance traits in dairy cattle maintained at various
dairy farms in Khyber Pakhtunkhwa, Pakistan.

MATERIALS AND METHODS

Study area and study population

The current study was conducted on four dairy farms
in district Peshawar and Charsadda, Khyber Pakhtunkhwa
(KP), Pakistan, from 2017 to 2019. The data for the
study were obtained from dairy farms (The University
of Agriculture Peshawar Dairy Farm, Government Cattle
Breeding and Dairy Farm Harichand, Livestock Research
and Development Station Surezai, and a private dairy farm
at Khazana Charsadda. The animals belonged to three
true breeds i.e. exotic Jersey (J), exotic Friesian (F), and
an indigenous dairy breed Achai (A), and two crossbred
cattle (i.e. FxJ and JxA). The experiments were approved
by the research ethical committee of the College of
Veterinary Sciences and Animal Husbandry, Abdul Wali
Khan University, Mardan.

Collection of data

The dairy farms were carefully chosen on the basis of
having a reliable data recording system of reproduction,
production, diagnosis, and treatment of mastitis in last
three years. A total of 547 complete records of 291 lactating
cows was obtained from these farms, ranging between
parities one to six. The primary data were collected from
livestock register and then arranged in Microsoft Excel (v.
2016). The data file included the date of birth, pedigree
information, date of service, date of calving, age at puberty,
age at first calving, calving interval, lactation milk yield,
and lactation length.

Milk sampling and analysis

Milk samples (30 mL) were collected in a sterilized
bottle from all four teats of each cattle. The milk samples
were carried in ice box to the Animal Breeding and
Genetics Laboratory of the College of Veterinary Sciences
and Animal Husbandry, Abdul Wali Khan University
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Mardan for analysis of milk composition, and somatic cell
count (SCC).

Analysis of milk composition and SCC

Each milk sample was analysed for composition, such
as fat (%), protein (%), lactose (%), and solid non-fat (SNF)
using a milk analyser (Lactoscan SA standard 1060). SCC
was done using direct microscopic somatic cell count
method (DMSCC) as described by Ali et al. (2020).

Statistical analysis

For analysis of the effect of different factors on
milk performance traits the data were analysed using
generalized linear models (GLM) in SAS studio (V 9.4)
for the analysis of the effects of SCC, breed, and herd on
milk performance traits.

Vi =p+5;+B,+H, + e

Where Y,.j is represents fat, protein, lactose, LMY, and
SCC, p is the overall population mean, S, is is fixed effect
of i somatic cell count (i = SCC), B is is fixed effect of
J" breed (j=1, 2, 3, 4, 5, 6), H, is fixed effect of k™ herd
k=1, 2, 3, 4) and €, is the random error effect of each
observation.

For analysis of the effects of productive and
reproductive traits different parameters that effect
productive and reproductive traits were analysed using
the following models in Wombat. The model for calving
interval (CI), fat (F %), somatic cell count (SCC), somatic
cell score (SCS) and service (Ser) was:

V=p+xb+zlat=z2pete

The model for age at first calving (AFC) was:
Y=p+xb+zlate

Where Y is a vector of observations, p is average mean,
xb is a vector of fixed effects such as Season (S), parity
(P), herd (H) with an incidence matrix X, zla is additive
variance with incidence matrix Z, z2pe is a vector of
random permanent environmental effects and e is error

To study the effect of season of calving on different
traits, the year was divided into four seasons as described

by Zeb et al. (2020).
Heritability (h?) were calculated using the following
model.

h* =V, /V,

Where /7 is heritability, /' _is additive genetic variance, v,
is phenotypic variation.

For estimation of repeatability (r) following statistical
model was used:

r=V,+V, /7,

Where r is repeatability, V is additive genetic variance, V.
is a vector of random permanent environmental effect, v,
is phenotypic variation.

Heterosis was calculated by the following formula
(Spangler, 2007).

Heterosis % = [(crossbred average — purebred
average) / purebred average] x 100

RESULTS

Association of somatic cell count with milk composition
and lactation milk yield

The effect of SCC groups on milk composition traits
and lactation milk yield (LMY) was observed in different
cattle breeds. The results showed that animals with higher
SCC (group 3) had a significantly (P<0.01) lower fat
(Table I).

Association of breed with milk composition and lactation
milk yield

Breed-wise analysis showed significant (P<0.01)
variation in protein, lactose and LMY. Protein was found
significantly higher in Achai compared to Friesian, lactose
was significantly higher in Jersey and Jersey x Achai than
Friesian, and LMY was recorded significantly highest in
Friesian and crossbred Jersey x Friesian (Table II).

Association of herd with milk composition and lactation
milk yield (LMY)

The comparison of four herds included in our study
revealed that herd significantly affects milk composition

Table 1. Association of SCC with milk composition and LMY.

SCC groups Fat (%) Protein (%) Lactose (%) SNF (%) LMY (Litre)

1 4.8+0.61 4 3.28+0.1 4.88+0.16 8.84+0.32 1727.51+£327.75
2 4.89+0.67* 3.19+0.11 4.72+0.17 8.58+0.35 1730.36+£341.13
3 3.31+0.72 8 3.294+0.12 4.85+0.18 8.93+0.38 2065.04+383.12
P value <0.01 0.32 0.24 0.29 0.24

SCC groups: (Group 1, SCC <200,000 cells/mL; group 2, SCC between 200,000-500,000 cells/mL; and group 3 SCC >500,000 cells/mL. SNF, solid
non-fats; LMY, Lactation milk yield. Bold P values shows a significant difference (P<0.01). Values in column with different superscript are significantly

different (P<0.01).
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Table I1. Breed-wise comparison of milk composition and lactation milk yield (LMY).

Breed Fat (%) Protein (%) Lactose (%) SNF (%) LMY (Liter)

A 4.41+0.71 3.3+0.124 4.9+0.18 A8 8.58+0.37 492.71£137.9° A
F 4.02+0.61 2.97+0.1 B 4.43+0.16 4 8.26:+0.32 2262.13£1018.3 B
J 5.02+0.64 3.19+0.11 4 4.81+0.16 ® 8.77+£0.34 1460.12 £13415C
JA 5.35+0.77 3.29+0.13 4 49+028 8.97+0.41 991.15+£551.9'C
JF 1.94+1.35 3.49+0.23 A8 5.1£0.35 48 9.13+0.72 2314.83+£705.1°B
P value 0.15 <0.01 <0.01 0.20 <0.01

Breed A, Achai; F, Friesian; J, Jersey; JA, Jersey x Achai; JF, Jersey x Friesian. For abbreviations and statistical detail, see Table .

Table I11. Herd-wise comparison of milk composition and lactation milk yield (LMY).

Herd Fat (%) Protein (%) Lactose (%) SNF (%) LMY (Liter)

1 540.69 4 3.19+0.124 4.50+0.18 # 8.42+0.374 2255.21+1407.134
2 3.740.63 B 3.23+0.114 4.62+0.16* 8.49+0.344 1553.8£1321.6®

3 3.26+0.89 A8 3.03+0.154 4.46+0.23* 8.57+0.474 567.167+£280.55¢
4 4.68+0.78 A8 3.69+0.13 8 5.50+0.20 B 9.87+0.418 3138.467+933.79P
P value 0.01 <0.01 <0.01 <0.01 <0.01

Herd 1, Agriculture; 2, Harichand; 3, Surezai; 4, Khazana. For abbreviations and statistical detail, see Table 1.

traits and LMY (P<0.01). Fat (%) was highest in herd 1
(Agriculture Farm, Peshawar) while protein (%), lactose
(%), SNF, and LMY were highest in herd 4 (Harichand
Dairy Farm, Charsadda) (Table III).

Table IV. Estimation of variance components,
heritability (h?) and repeatability (r) for traits.

Traits V, Vu v, h? r

SCC 13088.2 244834 498611 0.03 0.52
SCS 0.66 1.39 2.46 0.27 0.83
AFC 8043 11442 19485.5 0.59 0.99
Ser 0.83 0.21 1.48 0.06 0.69
CI 0.25 0.15 30323.9 0.000 0.00
F% 0.32 0.59 0.95 0.34 0.96

SCC, somatic cell count; SCS, somatic cell score; AFC, age at first
calving; Ser, service; CI, calving interval; F %, fat percentage; V,, additive
variance; V , variance of permanent environment; V. phenotypic
variation; h?, heritability; r, repeatability.

Estimation of different variance, heritability (h?), and
repeatability (r)

Estimates of additive genetic variance (V,) for SCC
were highest (13088) while lowest for calving interval
(CI). Estimates of variance of permanent environment
(V,.) were highest (244834) for SCC while lowest (0.59)
for fat %. Estimates of phenotypic variation (Vp) were
highest (498611) for SCC while lowest (0.95) for fat

%. Estimation of heritability (h?) was highest (0.59) for
age at first calving (AFC) while lowest (0.0) for CI, and
estimation of repeatability (r) was highest (0.99) for AFC
while lowest (0.0) for CI (Table IV).

Estimation of heterosis

Results of heterosis analysis for Achai x Jersey breed
revealed positive heterosis for milk composition traits (fat
%, protein %, lactose %, and SNF) and udder health (SCC)
but a negative heterosis for LMY (-10.04 %) compared to
its pure breeds (Achai and Jersey) (Table V). The other
crossbreds (i.e. JXF and SxF) were not included in the
estimation of heterosis due to their low number of animals.

Table V. Individual heterosis for Achai x Jersey.

Traits  Mean for pure bred Mean Observed Hetero-
cattle (Achai and for AxJ difference sis (%)
Jersey) (n=80) (n=18)

F % 3.69 441 +0.72 19.67

SNF 8.23 8.7 +0.47 5.78

P % 3.12 3.22 +0.1 3.37

L% 4.67 4.85 +0.18 3.97

LMY (1) 804.72 723.94 -80.78 -10.04

SCC 204000 129000 +75000 36.76
F %, fat percentage; SNF, solid non-fat; P %, Protein percentage; L %,
lactose percentage; LMY, Lactation milk yield; SCC, somatic cell count.
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DISCUSSION

The present study evaluated the effect of genetic
and environmental (non-genetic) factors on the milk
performance traits and udder health in dairy cattle
maintained at dairy farms in Khyber Pakhtunkhwa,
Pakistan. The present study found significantly lower
(P<0.01) fat (%) in cattle with higher SCC. The finding of
the current study is similar to the findings of Cinar ef al.
(2015) and Kul ef al. (2014) who recorded that high SCC
negatively affects the milk yield and milk composition (fat
%, SNF, protein %, and lactose %). El-Tahawy and El-
Far (2010) also noted a significantly negative correlation
between SCC and milk performance. The current study
recorded increased protein % in cows with higher SCC,
though the increase was non-significant. Atasever and
Stadnik (2015) also noted a positive correlation between
protein % and SCC.

The breed-wise analysis in the current study recorded
significantly higher protein (%) in the indigenous breed
Achai, lactose % in Jersey and its crossbred (Jersey x
Achai), and LMY was recorded significantly higher in
Friesian and its crossbred (JF). Mushtaq et al. (2012)
reported that breed significantly affected the fat, protein,
and lactose percentages. Hassan and Khan (2013) reported
similar results that total milk yield was higher for exotic
crossbreds as compared to pure breed. Galukande et al.
(2013) also found that crossbreeds had a higher milk yield.
Uddin et al. (2014) studied production performance of
Achai cattle at the Surezai dairy farm and reported a higher
LMY (813.07£113.3 litre) than the present study.

In the present study farm-wise comparison showed
that milk composition and LMY significantly vary in
these herds. Bach et al. (2008) and Sova et al. (2013) in
their studies also reported that herd management, such as
herd size, feed type, feed frequency, cleaning frequency,
chemical quality of drinking water, and other facilities
greatly affect the milk composition, milk yield, and SCC.

The concept of heritability and repeatability coupled
with genetic and environment plays an important role
in variation in different performance traits. It contains
the additive genetic variance, phenotypic variance, and
variance of permanent environment for each animal. Low
estimates of repeatability showed that traits are usually
influenced by management systems and environment
compared to the genotype and permanent environmental
effects (Islam ez al., 2017).

In the present study, estimates of additive genetic
variance (V,), variance of permanent environment (V ),
and estimates of phenotypic variation (V) were recorded
highest for SCC, while estimates of heritability (h?) and
repeatability (r) were highest for age at first calving (AFC).

Guzzo et al. (2018) reported different estimates of Va, Vpe
and heritability for SCC compare to the current study.
Costa et al. (2019) reported a different estimate of variance
components for SCS, whereas estimates for heritability
and repeatability (0.10 and 0.53, respectively) recorded by
their study are closer to the present study. Vinothraj ef al.
(2016) reported estimates for service which was different
from our findings. Dash ef al. (2015) reported a different
estimate of heritability and repeatability for CI (0.61
and 0.10, respectively). Chegini et al. (2015) reported
different heritability estimates for AFC and CI (0.13 and
0.44, respectively). The estimates of variance components
(Va, Vpe, and Vp), heritability, and repeatability for fat %
reported by Behzadi et al., (2013) are not in line with the
current study. Studies show that higher heritability estimate
increases the chances of a trait to be inherited to offsprings
while better management can improve repeatability.

The heterosis results obtained in our study showed
that the crossbred (AxJ) has positive heterosis for milk
production traits (F %, P %, L %, and SNF %) and SCC
while a negative heterosis for LMY. Kargo ef al. (2021)
recorded positive heterosis for protein yield and total milk
yield than one of the pure breed in their study. Lembeye et
al. (2016) also showed positive heterosis for production
traits in crossbred (F x J) of their study.

CONCLUSION

The present study concluded that lower SCC and
better herd management can affect the udder health that
has positive impacts on milk composition and total milk
yield. The exotic breed and their crossbreds have high
milk production compared to the indigenous dairy breeds
(Achai). The study suggests that selecting traits with higher
heritability (i.e. AFC and F %) in breeding programs can
bring improvements in these traits.
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