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ABSTRACT

This study aimed to estimate the genetic parameters for lactation milk yield (LMY), lactation fat
yield (LFY), and lactation protein yield (LPY) in the Sahiwal cattle breed of Pakistan. Performance
data of 3364 purebred Sahiwal cattle with 9964 herd test records were collected from the public and/
or private herds. Various edits were applied, such as herd test day records < 3, unknown calving and
drying dates, etc., which reduced the data set to 1039 animals with 4489 herd test records. Lactation
yields for milk, fat, and protein were calculated using the test interval method. Preliminary data
analysis was performed using PROC MIXED in SAS. The animal model under the REML method
was used to estimate the genetic parameters of the milk yield, milk fat, and milk protein. A
multivariate model (3-traits) was fitted, which included the fixed effects of parity besides random
effects of herd-year-season of calving (HYS), animal and residuals for all three traits. Mean * SD
(kg) of LMY, LFY, and LPY were 1444.07+554.51, 60.48+25.18, and 48.26+19.39, respectively. Parity and
HYS significantly varied (p<0.05) among cows for all investigated production traits. The estimates
of heritabilities with their standard errors for LMY, LFY, and LPY were 0.164+0.065, 0.124+0.061,
and 0.181x0.067, respectively. The phenotypic and genetic correlations were high among all three
production traits, which ranged between 0.879 to 0.975 and 0.990 to 0.999, respectively, with standard
errors ranging from 0.002 to 0.03. Low to moderate heritability estimates for milk component traits
obtained in the present study suggest that these traits could be improved through genetic selection.
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INTRODUCTION

In Pakistan, almost all cattle breeds are usually
raised for draught and/or beef purposes, with the excep-
tion of Red Sindhi, Cholistani, and Sahiwal cattle, as
these are established as dairy breeds. The production
system in Pakistan is usually extensive but with low
input. Crossbreds are usually raised under high-input
extensive systems at dairy farms to fulfill the demands
of the milk, especially in summer when buffalo milk
production is quite low. All the local cattle breeds of
Pakistan are humped and belong to the Bos indicus spe-
cies. There are several breeds in the country, but Sahiwal
and Cholistani cattle are recognized internationally be-

Copyright © 2023 by Authors, published by Tropical Animal Science Journal.

cause of their potential as dairy animals. Sahiwal cattle
are being sold internationally as pure and crossbred
cattle by different countries (Khan, 2022).

Sahiwal is considered as one of the main dairy
breeds of Pakistan. It is the Zebu dairy breed with ex-
cellent heat and disease-resistant properties. In Sahiwal
cattle, the estimates of genetic parameters can be ob-
tained more precisely if the pedigree and performance
data related to these traits are recorded accurately.
There exists genetic variation related to the milk produc-
tion in cows, suggesting that the milk yield in Sahiwal
cattle can be increased through 2 stages selection ap-
proach, the first on the basis of SNP and then on the
basis of the first lactation 305d yield (Worku et al., 2022).
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Separation of the component of genetic variation
from the environmental variation is one of the most
difficult steps in the genetic improvement program
(Falconer, 1996). The use of a mixed model is a common
technique to separate the genetic and the environmental
components by estimating environmental effects that
are treated as fixed effects and the breeding values of
the animals that are treated as random effects (Campos
et al., 2015). The use of estimated breeding values as a
selection criterion for genetic improvement depends
upon the accuracy of these estimated breeding values.
The strength of the relationship between the estimated
and true breeding values is estimated through the corre-
lation that indicates the accuracy of the estimated breed-
ing values. If the heritability and the correlation that
are the genetic parameters are not estimated accurately,
then the accuracy of the resulting estimated breeding
values will also be not accurate (Daetwyler ef al., 2013).

Different genetic improvement programs based
on milk yield in buffalo and Sahiwal cattle are ongoing
in the country. Research Center for Conservation of
Indigenous Breeds (RCCIB) Jhang is leading the genetic
improvement program of Sahiwal cattle with selection
criteria only based on milk yield. Genetic parameters for
milk yield, fat, and protein have already been reported
for other breeds (Battagin et al., 2013; Sneddon et al.,
2015). However, limited information is available related
to the genetic parameters of milk fat and milk protein
in Sahiwal cattle. The present study was planned to fill
this literature gap. Therefore, the objective of the study
was to estimate the genetic parameters for milk, fat, and
protein yields based on 305 days of lactation in Pakistani
Sahiwal cattle.

MATERIALS AND METHODS
Data Collection

There are five government farms where sufficient
numbers of purebred Sahiwal cattle are present, and
these farms are working in collaboration with the
National Center for Livestock Breeding Genetics and
Genomics (NCLBG&G). These farms include Livestock
Experimental Station (LES), Khizarabad-Sargodha, LES,
Jhangirabad-Khanewal, LES, Rakhghulama-Bhakkar,
LES, Kalurkot-Bhakkar, Livestock Production Research
Institute (LPRI), Bahadurnagar-Okara, and adjoining
private herds. These farms are located in the semi-arid
tropical regions of Punjab and generally have a semi-
intensive production system.

Performance data of 3364 purebred Sahiwal cattle
with 9964 herd test records were collected from the
aforementioned herds between September 2020 and
June 2022. Data were recorded by the official data
recorder by visiting herds on a monthly basis. Samples
were collected twice a day, i.e., in the morning and eve-
ning. Milk fat and protein percentages were determined
using a Lactoscan (SP options) milk analyzer following
manufacturer instructions.

Twenty-four hours of milk, fat, and protein yields
were calculated as reported elsewhere (ICAR, 2022). In
the case of cows with both the morning and evening
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milk yields recorded, the 24-hour milk yield was

obtained by simply adding the morning and evening

yields. However, for cows having only morning or

evening milk records available due to any reason, the

24-hour milk yield was calculated as follows:

24-hour milk yield= factor * measured milk yield + co-
variate * (days in milk -158)

Factor and covariate values for morning and
evening milking at 12 hours of the interval are 2.000 and
0.000, respectively (ICAR, 2022).

As the fat percentage is affected by the time interval
between the milk recordings, the daily fat percentage
was calculated with the help of the following equation:
Daily fat percentage= factor for fat percentage *

measured fat percentage

The factor value for morning and evening milking
at 12 hour of interval is 1.000 (ICAR, 2022).

Where morning fat & protein percentages were
given, morning percentages were preferred over the
evening for the sake of convenience, and daily fat and
protein yield were calculated with the help of the
following equations:

DFY = DMY * daily fat percentage
DPY = DMY * daily protein percentage (ICAR, 2022).

Data Editing

Data were subject to editing based on various
factors. Editing criteria of all three traits for analysis
are specified in (Table 1). For the computation of 305-
day lactation yields (kg) of milk, fat, and protein, only
cows having at least 3 herd test day records were used.
Records on animals with unknown calving and drying
dates were also not considered. Furthermore, all dupli-
cate records were removed. Records with < 60 days of
lactation were not included and those animals whose
lactation milk yield was < 500 kg were also removed.
After editing the data, 1039 animals remained.

Lactation yields for all 3 traits, i.e.,, milk, fat, and
protein, were computed from the test day records
using the test interval method (ICAR, 2020). The test
interval method is believed to be the most authenticated
method for calculating lactation yields. The time interval
between the successive test records was approximately
35 days. First recordings were taken at least 4 days post-
parturition. Lactations of diseased animals and/or those
receiving any antibiotic therapy were not included in
the analysis.

Lactation milk yield (kg) was calculated using the
following equation:

LMY=1M, +1* (M, +M)/2+ L * (M, +M,)2+1 , *(M
+M,)/2+1 M, (ICAR, 2020).

n-1

Where M,, M, and M were the weights of milk yield
recorded in 24 hours and given to one decimal place; I,
I, and I, were the intervals between recording dates; I,
was the interval between the start date of the lactation
period and the first milk recording date; and I was the
interval from the last milk recording date to the end of
the lactation.
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Table 1. Editing detail for all three traits of lactation milk yield, lactation fat yield, and lactation protein yield

Serial Editing criteria Animals Records Anir‘nz?ls Recgrgs
No. removed removed remaining remaining
1 Animals with less than 3 HTDs 2276 1567 7688
2 Animals with unknown calving and drying 2569 1105 5119
dates and non-consecutive HTDs
3 Duplicate records 87 1084 5032
4 < 500kg milk production and outliers 143 1039 4889
Note: HTDs= herd-test-day records.
Lactation fat yield (kg) was calculated using the fol- Table 2. Pedigree structure of animals
lowing equation: :
LFY= gIOF?+ 1*(F,+F)2+L*(E,+F)2+1 *(E_+F) Sl‘ilr:ﬂ Details of the animals ali‘;n glfs
2+1LF, (ICAR, 2020). 1 Original no. of animals 2058
Where F, F,, and F_ were the weights of the fat yield 2 No.of an?mals afFer pruning 1350
calculated by multiplying the milk yield with fat 3 No. of animals with records 1039
percentage. 4 No. of animals without records 311
Lactation protein yield (kg) was calculated using 5 No. of animals with unknown sire 260
the following equation: 6  No. of animals with unknown dam 913
LPY= 1P +1* (P, +P)2+ 1 * P, +P)2+1 * P  + 7 No. of animals with both parents unknown 244
Pn)/Z + InPn (ICAR, 2020). 8 No. of sires 178
9  No. of sires with progeny in the data 168
Where P, P, and P_ were the weights of the protein yield 10 No. of dams 260
calculated by multiplying the milk yield with protein 11 No. of dams with progeny in the data 254
percentage. 12 No. of animals with paternal grand sire 785
Details about the pedigree of animals with records 13 No of an?mals W%th paternal grand d?m 190
are provided in Table 2. A total of 2058 animals were in 14" No. of animals with maternal grand sire 154
the pedigree file. There were a total of 178 sires and 260 15 No. of animals with maternal grand dam 66

dams in the pedigree file. As many as 785 animals had
paternal grand sire and 190 animals had paternal grand
dam. There were also 154 animals having maternal
grandsire and 66 having maternal grand dam.

Statistical Analysis

For phenotypic parameter estimates, data were
statistically analyzed in SAS on Demand for Academics
(www.oda.sas.com) using the PROC MIXED procedure
for LMY, LFY, and LPY traits. There were 9 classes of
parity and the parity 9 & above were merged into the 9™
class of parity. There were 24 HYS levels based on the
6 herds, 2 years, and 2 seasons of calving. A statistical
model that was used for milk, fat, and protein yield
traits is as follows;

Y[jk =pu+h+ HYSj+ Eijk

Where Y, is a 305-day measurement of milk yield or
milk fat or milk protein traits of the k™ cow belonging to
j™ herd-year-season class and to i parity class; p repre-
sents the overall population mean; P, is the fixed effect of
the i parity (i=9 classes, i.e., 1 to 8 for cows in respective
parities whereas 9 for all cows in parity 9 and above);
HYS refers to the fixed effect of the j" herd-year-season
(j=24 classes); and Ei].k is the random residual associated
with each record.

Heritabilities, as well as phenotypic and genotypic
correlations, were estimated for milk yield, milk protein,
and milk fat in an animal model under the REML

method using WOMBAT software (Meyer, 2007). Parity
was treated as a fixed effect, whereas the HYS were
treated as random effects in the model for analysis. The
following statistical model was used for milk, fat, and
protein yield traits;

Yi].k =u+P.+ HYS].+ Animal, + Ei].k

Where Y, is a 305-day measurement of milk yield, milk
fat, and milk protein traits of the k™ cow in the /™ herd-
year-season class (24 levels) and i parity class (9 levels).
Here, u represents the overall population mean; P,is the
fixed effect of the i parity, whereas HYS, refers to the
random effect of the j™ herd-year-season. Animal, is the
random additive genetic effect of the k™ animal assumed
to be distributed as N ~ (0, Ac%), where A is the addi-
tive genetic relationship matrix among animals and 0%
is additive genetic variance; E, is the random residual
associated with each record, assumed to be normally
distributed N ~ (0, Io%), where I is the identity matrix
and o%is residual variance.

RESULTS
Descriptive Statistics
Descriptive statistics of all three traits are given in

Table 3. For LMY, LFY, and LPY, mean * SD (expressed
in kilograms) were 1444.07+554.51, 60.48+25.18, and
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48.26+19.39, respectively. Average milk fat and protein
percentages were 4.18 and 3.33.

Effect of Parity

The cows’ parities ranged from 1 to 8, with the last
ninth class having cows in parity nine and above. The
lactation yields of milk, fat, and protein yield differed
significantly (p<0.05) among cows for different parities.
Least-square estimates of means of LMY, LFY, and LPY
for different classes of parity, along with their standard
errors, are presented in Table 4. Least-square means of
parities ranged from 1216.70 to 1580.15, 49.18 to 64.58,
and 41.32 to 53.54, for LMY, LFY, and LPY, respectively.

There was an upward trend for LMY, LFY, and
LPY. Milk, fat, and protein yields showed a gradual
increase in production with the advanced parities. The
daily milk yields were increasing gradually from 1 to
4™ Jactation, and the parity had a significant effect on the
daily milk yield, fat, and protein percentages.

Effect of Herd-Year-Season (HYS)

Overall, there were 24 levels of HYS based on 2
years, 2 seasons, and 6 herds, and the frequencies of all
HYS levels are presented in Table 5. HYS was taken as
a contemporary group in the analysis. The effect of the
HYS contemporary group was significant (p<0.05) for
milk yield, fat yield, and protein yield. The least-square
means (kg) of HYS for LMY, LFY, and LPY ranged from
866.1 to 1897.23, from 35.65 to 73.97, and from 28.12 to
63.47, respectively.

Estimates of Heritabilities
Results of the effect of treating HYS as random on

variance components of animal, residual, and pheno-
typic are given in Table 6. Estimates of heritabilities,

along with their standard errors obtained from mul-
tivariate analysis of all three production traits, are also
given. These estimates of heritability for LMY, LFY, and
LPY were 0.164+0.065, 0.124+0.061, and 0.181+0.067,
respectively.

Phenotypic and Genetic Correlations Estimates

Phenotypic and genetic correlations of all three
production traits are given in Table 7. Among the re-
ported estimates, the highest phenotypic correlation was
obtained between the LMY and LPY (0.975+0.002), and
the lowest phenotypic correlation was between the LFY
and LPY (0.879+0.007). LMY and LFY had a moderate
correlation estimate as compared to the correlation es-
timate between LMY and LPY. Overall, the phenotypic
correlations among all three traits are positive and high,
indicating strong positive relations among the traits
under study.

DISCUSSION
Descriptive Statistics

Average milk yield was a little higher compared to
earlier reports by Bilal et al. (2008), probably due to the
different data sizes and inclusion of cows from many
different herds. Average milk and protein percentages
are a little higher compared to the percentages reported
earlier by Salfer et al. (2019) for bovine milk fat and
protein (3.73 and 3.10). Fat and protein percentages
reported by Mohammadi ef al. (2014) were lower (3.35 &
3.06, respectively) than our findings.

Effect of Parity

The results of this study indicated that the LMY,
LFY, and LPY increased gradually from the first lacta-

Table 3. Overall mean + SD of lactation milk yield, lactation fat yield, and lactation protein yield in Sahiwal cattle of Punjab, Pakistan

Serial No. Traits No. Mean + SD Min Max C.V. (%)
1 LMY (kg) 1039 1444.07 £ 554.51 504.75 3356.50 38.40
2 LFY (kg) 1039 60.48 +25.18 15.05 152.67 41.64
3 LPY (kg) 1039 48.26 +19.39 12.62 119.66 40.19
4 Fat (%) 1039 4.18+0.714 1.789 7.936 17.08
5 Protein (%) 1039 3.33+0.28 1.920 4.798 8.40

Note: SD= Standard deviation, C.V. (%)= Coefficient of variation, LMY= Lactation milk yield, LFY= Lactation fat yield, LPY= Lactation protein yield.

Table 4. Lactation milk yield (kg), lactation fat yield (kg), and lactation protein yield (kg) from 1,039 Sahiwal cows milk samples from
Punjab, Pakistan originating from several parities

Least square means (+ SE)

Traits Parity 1 Parity 2 Parity 3 Parity 4 Parity 5 Parity 6 Parity 7 Parity 8 Parity 9 Overall p
(N=249) (N=180) (N=145) (N=165) (N=108) (N=87) (N=55) (N=29) (N=21) value
LMY 121670+ 1396.85+  1329.11+ 143585+ 138600+  1580.15+ 145751+ 137617+ 135470z <0001
38.01° 46.49° 51.45%¢ 49.23b<d 57.712bcde 62.98bdel 75 75ebcdely 100, 75bcdelsh 117 84abedelgh :
LFY 49.18 + 57.64 = 55.13 = 59.32 = 57.51 = 64.58 + 60.02 + 55.87 + 54.13 + <0001
1 71a 209b 2.32abc 2‘22bcd 2.60abcde 2.83bcdef 3.41abcdefg 4.533bcdefgh 5.303bcdefgh '
LPY 41.32+ 46.63 = 44.59 = 47.89 + 46.20 + 53.54 + 49.14 + 45.68 + 44.02 + 0.000
1 34a 1 .64ab 1‘82abc 1‘74bcd 2.04abcde 2.23bdef 2‘68abcdefg 3.56abcdefgh 4.17abcdefgh :

Note: SE= Standard error, LMY= Lactation milk yield, LFY= Lactation fat yield, LPY= Lactation protein yield.
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Table 5. Frequency and percentage of each of the 24 herd-year-
season levels in Sahiwal cattle of Punjab, Pakistan

Serial No. HYS Frequency Percent
1 120201 94 9.05
2 120202 99 9.53
3 120211 69 6.64
4 120212 31 2.98
5 120221 6 0.58
6 220201 70 6.74
7 220202 91 8.76
8 220211 89 8.57
9 220212 31 2.98

10 320201 77 7.41
11 320202 74 7.12
12 320211 60 5.77
13 320212 22 2,12
14 420201 47 4.52
15 420202 61 5.87
16 420211 28 2.69
17 420212 9 0.87
18 520201 20 1.92
19 520202 21 2.02
20 520211 21 2.02
21 520212 6 0.58
22 720201 3 0.29
23 720202 4 0.38
24 720211 6 0.58

Note: HYS= herd-year-season.

tion to the 6™ lactation, with the exception of the 3
and 5" lactation, where these traits took a slight dip in
production but almost remained equal to the previous
lactation production. These exceptions may be because
of the smaller sample size. The production of milk, milk
fat, and protein yield decreased gradually from lactation
7 onward.

Milk composition is affected by external factors that
include the feeding, season, and milking frequency, and
internal factors that include parity, genes, and stage of
lactation. Fixed effects of the contemporary group of
HYS of calving were common to all three traits (Dunne
et al., 2018). A study on the effect of parity on raw milk
composition in Chinese Holstein cows by Yang et al.
(2013) reported that the daily milk yield, fat yield, and
protein yield are significantly affected by parity, which
is in agreement with our findings. They reported lower
daily milk and protein yield in the first lactation as
compared to later lactations. The significant effect of
parity on protein yield was reported by Sudhakar et al.
(2013) but not on the fat and milk contents. Nonetheless,
the present study showed a significant effect of parity
on lactation milk yield along with the fat and protein
yields.

Estimates of Heritabilities

These heritability estimates were greater than
those presented by Bilal et al. (2008) for 305 days of

Table 6. Estimates of variance components, heritability esti-
mates, and permanent environments for 305- days of
lactation in Sahiwal cattle of Punjab, Pakistan

Traits g’ A d*E o’ P h?(+ SE)
LMY 4860.4 22004.1 29625.8  0.164 +0.065
LFY 745.428 469.259 602.851  0.124 +0.061
LPY 658.565 269.632 364.248  0.181 +0.067

Note: 02 A= Variance component of animal, 0? E= Variance component
of environment, 0> P= Variance component of phenotype, h>=
Heritability, SE= Standard error, LMY= Lactation milk yield, LFY=
Lactation fat yield, LPY= Lactation protein yield.

Table 7. Estimate of phenotypic (above diagonal) and genetic
(below diagonal) correlations with standard error
among three traits on milk samples obtained from each
of 1039 Sahiwal cattle of Punjab, Pakistan

Item  Traits 1 2 3
1 LMY 0.913 £0.005 0.975 + 0.002
2 LEY  0.990 +0.029 0.879 £ 0.007
3 LPY  0.999+0.006 0.994 +0.040

Note: LMY= Lactation milk yield, LFY= Lactation fat yield, LPY=
Lactation protein yield.

milk production (0.082) based on data from 780 Sahiwal
cows. These estimates of the heritabilities were lower
for 305 days of milk yield than those reported by
Wahinya et al. (2020), ranging from 0.22 to 0.35 obtained
from different models. Estimates of heritability for
LMY, LFY, and LPY were almost similar to the results
reported by Sneddon et al. (2015), ie., 0.22, 0.19, and
0.16, respectively, and obtained from bivariate analysis.
These were much lower in the univariate analysis (0.19,
0.12, and 0.13, respectively) from 4378 cows. Heritability
for LMY and LPY were higher than those reported
by Battagin et al. (2013) (0.108 and 0.163 for milk and
protein yield, respectively), but the heritability for LFY
was lower than that of 0.25. In a study by Lembeye
et al. (2016), the heritability for milk, fat, and protein
yields reported were in the ranges between 0.33 to
0.36, 0.21 to 0.26, and 0.22 to 0.25, respectively. These
heritability estimates were higher than our findings and
that might be because of the large sample size in their
study (124,620 to 194,631 milk records). Our heritability
estimates for LMY and LFY were also less than those
for milk yield and fat yield (0.21 & 0.24) reported by
Campos et al. (2015), but the protein yield estimates
were almost similar.

Heritabilities of the LMY, LFY, and LPY were low
yet moderate and could be due to the limited number of
samples used in the analysis as milk sample collection
twice a day is cumbersome, laboring, time-consuming,
and financially demanding because of scattered herds,
especially in the context of developing countries where
herd size is small and only a few numbers of Sahiwal
animals are kept by the farmers. Better estimates would
be possible to obtain than those reported in the present
study by improving the accuracy and frequency of
recording and completeness of pedigree.
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Phenotypic and Genetic Correlations Estimates

The estimates of genetic correlations were strong
and positive among all three production traits. The
predominant biological reason for the strong genetic
correlation could be pleiotropy and linkage (Cai et
al., 2020). Our results of the genetic correlation are in
agreement with the findings of Borquis ef al. (2013), i.e.,
ranging from 0.11-0.99, 0.12-0.99, and 0.05-0.99 between
milk, fat, and protein yields, respectively. However,
estimates of phenotypic correlation were lower than
our findings. There is also a trend that the genetic
correlation is lower than the phenotypic correlation,
but this was not the case in the present study. High
positive phenotypic and genetic correlations between
milk, fat and protein yields (0.7 between milk and fat
yield, 0.87 between milk and protein yield, and 0.82
between fat and protein yield) on 4378 cows were
reported earlier (Sneddon et al., 2015). The trend of
correlation was similar in both studies, but in our study,
the values of phenotypic and genetic correlation were
slightly higher. The high genetic correlation between
milk yield and protein yield (0.84-0.85) reported by
Lembeye et al. (2016) is similar to our findings for the
correlation between these two traits. However, the
genetic correlation between milk yield and fat yield
was moderate in their study (0.35-0.4). The genetic
correlation between milk yield and protein yield is 0.89,
between milk yield and fat yield is 0.62, and between fat
yield and protein yield is 0.72 in dairy cows, as reported
by Pritchard et al. (2013). The phenotypic correlations
were relatively higher than the genetic correlation
for these traits in their study. Their results for the
correlation between milk yield and protein yield were
very similar to our findings for genetic and phenotypic
correlations; however, they differed in the other two
traits. The genetic correlation estimates among three
production traits in the present study are very close to
1.0, probably due to the limited sample size; therefore,
estimates may be used with extreme care and may be
validated on rather large data before implementation in
a breeding program.

CONCLUSION

Lactation milk fat and lactation milk protein
displayed low to moderate values of heritabilities in
the Sahiwal cattle population of Pakistan. Moreover,
the heritabilities of the aforementioned two traits
were similar to that of lactation milk yield. Therefore,
genetic selection can effectively improve milk fat
and milk protein yield in dairy cattle as per industry
needs. Furthermore, strong positive phenotypic and
genetic associations of lactation milk fat and protein
yields with lactation milk yield obtained in the present
study suggest that selection for milk yield would have
an indirect positive effect on the lactation milk fat
and protein yields. The results of the present study
have useful implications not only for the genetic
improvement of overall milk yield but also for milk
components, i.e., fat and protein yields in dairy cattle.
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