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ABSTRACT - This study aimed to estimate the heritability of milk yield (MY), fat percent (F%), fat yield (FY), protein 
percent (P%), protein yield (PY), somatic cell score (SCS), and total bacterial count score (TBCS) as well as to estimate the 
genetic correlations among these traits, using a dataset from 5,918 lactations of Jersey cows in Brazil. The covariance components 
were estimated by restricted maximum likelihood using the PEST and VCE6 programs. The average values obtained for MY, F%, 
FY, P%, PY, SCS, and TBCS were 5017.5 kg, 4.3%, 192.3 kg, 3.3%, 173.0 kg, 5.9, and 2.9, respectively, while the heritability 
values were 0.16, 0.55, 0.18, 0.61, 0.25, 0.21, and 0.08, respectively. The genetic correlations ranged from low to high magnitude, 
with positive values from 0.06 (TBCS-PY) to 0.72 (FY-PY), and negative values from −0.04 (F%-TBCS) to −0.44 (P%-TBCS). 
The Jersey breed from Brazil shows genetic variability for all traits analyzed in the present study, and our results suggest that 
higher genetic gain will be achieved when F% and P% are used as selection criteria. In addition, it is important to use SCS as a 
selection criterion since the selection for MY and PY may lead to higher SCS or TBCS values, which are undesirable. This was 
the first study to estimate genetic parameters for milk quality (PY, P%, FY, F%) and udder health (SCS, TBCS) traits in Jersey 
cows from Brazil. This information is useful for breeding schemes and contributes to better characterize these parameters in 
tropical region, since few studies were developed with the Jersey cattle in this environment.
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Introduction

Jersey cows are of great importance to the milk 
industry and market (Jamrozik and Schaeffer, 2012), and it 
is internationally regarded as a specialized breed for milk 
yield (MY), with high fat, protein, and total solids contents 
(Stocco et al., 2017). High values for these traits indicate 
milk quality, and increasing the milk, protein, and fat 
yields has long been a selection objective in Jersey breed.

Udder health problems, such as mastitis, cause great 
economic losses to the cattle industry. Thus, mastitis 
resistance is also an important objective for dairy cattle 
selection (Govignon-Gion et al., 2016). In addition, the 
associated economic costs due to mastitis also negatively 
impact the welfare of cows, resulting in changes in behavior 

(Sepúlveda-Varas et al., 2016) and stress parameters 
(Roches et al., 2017). This is an additional justification for 
identifying the selection criteria for improving resistance 
to mastitis in dairy cattle. Somatic cell score (SCS) is one 
of the main selection criteria for resistance to mastitis 
and is obtained from the transformation of somatic cell 
count (SCC). According to García-Ruiz et al. (2016), the 
inclusion of SCS in genetic evaluations of dairy cattle in 
the United States from 1994 onward changed the average 
breeding value from +0.014 (1981-1985) to −0.035 
(2011-2015).

Dionello et al. (2006) investigated the heritability 
of MY in Brazilian Jersey breed herds. The estimates of 
heritability obtained by the repeatability model for MY 
was 0.42, while those for MY obtained from the random 
regression model decreased from 0.81, at the beginning 
of the lactation, to 0.20, at the end. However, genetic 
parameters for FY and protein yield (PY) as well as SCS 
remain unknown for Jersey cows in Brazil. Therefore, we 
aimed to estimate the genetic parameters for MY, FY, PY, 
F%, P%, SCS, and total bacterial count score (TBCS) in 
primiparous Jersey cows in Brazil.
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Material and Methods

Milk recordings taken between 1970 and 2011 of 
12 herds (Figure 1), belonging to the Brazilian Jersey 
Breeders Association were assessed in this study. All farms 
adopted a confinement feed system, and the first lactation 
Jersey cows were evaluated for 305-day MY (kg), F%, 
FY (kg), P%, and PY (kg), SCS in cells/mL, and TBCS 
in cfu/mL (Table 1). The 305-day adjustment for MY 
followed the correction factors recommended by Everett 
and Carter (1968). A preview screening of the dataset was 
performed, and the values that were beyond three standard 
deviations from the average were discarded. Data from 
cows with a calving age <20 months and >48 months were 
removed. Lastly, the contemporary groups that had less 
than three observations were not considered. The pedigree 
file had 8,992 animals, including 207 sires and 1994 dams, 
constituting five generations.

The SCS was obtained from the transformation of the 
SCC using the following equation:  2 3

100
SCCSCS log  = + 

 
, 

according to Shook (1993). The TBCS was determined from 
the transformation of the total bacterial count (TBC)  
using the equation ( )TBCS 10 0.5log TBC= + , according to 
Brito et al. (2000).

An analysis of variance (ANOVA) was performed for 
each trait to test the significance of the fixed effects and 
evaluate the ANOVA assumptions. A model containing 
the fixed effects of herd (12 levels), year (42 levels), 
season of birth (2 levels – December to May and June to 
November), and covariates age of cow at calving (linear 
and quadratic) and lactation length (linear) was adjusted in 
ANOVA, using SAS (Statistical Analysis System, version 
9.3). All the factors described above were significant 
(P<0.01) for all traits. Then the fixed effects were 
posteriorly used to obtain the contemporary groups based 
on herd-year-season interactions.

For the estimation of variance components, an animal 
model with multi-trait approach was used, in which all 
the traits were jointly evaluated. In a matrix format, the 
model was represented by y = Xb + Za + e, in which y is 
the vector of the traits analyzed; b is the vector of solutions 
for the fixed effects, containing the contemporary group 
and covariates age of cow at calving and lactation length; 
a is the vector of solutions for the random additive genetic 
effect; X and Z are incidence matrices for fixed effects and 
additive genetic effects, respectively; and e is the vector of 
the random residual.

The components of the models for analyzes could be 
simply represented as follows:
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in which, the subscripts 1, 2, 3, 4, 5, 6, and 7 represent MY, 
F%, FY, P%, PY, SCS, and TBCS, respectively. The (co)
variance matrix for genetic effects is G = G A, in which 
A is the relationship matrix and G0 is the additive genetic 
(co)variance matrix (of order 7) as follows: 

G = 
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R = I R0 is the residual (co)variance matrix (of order 
7) between the seven traits. The covariance components 
required to estimate the genetic parameter were estimated 
by the restricted maximum likelihood (REML) with the 
programs VCE6 (Groeneveld et al., 2010) and PEST 
(Groeneveld, 2006).

8%

14%

36%

42%

0

500

1000

1500

2000

2500

3000

1970-80 1980-90 1990-00 2000-11

N
u
m

b
e
r 

o
f 

c
o

w
s

Decades

Figure 1 - Distribution of production data through evaluated 
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Results

The MY adjusted for 305 days had an average value and 
standard deviation of 5017.5 and 1771.9 kg, respectively 
(Table 1). The FY and F% had average (standard deviation) 
values of 192.3 (62.3) kg and 4.3 (0.9) %, respectively, 
while the PY and P% were 173.0 (54.3) kg and 3.3 (0.4) %, 
respectively. The SCS average (standard deviation) values 
of 5.9 (1.1) were higher than TBCS 2.9 (0.3).

Heritability ranged from low to high (Table 2), 
indicating that selection using breeding values can result 
in a genetic gain. The heritability for MY was of low 
magnitude (0.16±0.02), while the heritability for FY and 
PY can be considered as low (0.18±0.02) and moderate 
(0.25±0.02), respectively. However, the heritability for 
F% (0.55±0.02) and P% (0.61±0.01) were both high. 
Finally, the heritability for SCS and TBCS were moderate 
(0.21±0.03) and low (0.08±0.02), respectively. 

Genetic correlations between production traits (milk, 
fat, and protein) ranged from 0.16 to 0.72 (Table 3). 
Positive genetic correlations were observed among score 
traits (SCS, TBCS) and MY and PY, with values ranging 
from 0.06 to 0.28. On the other hand, negative genetic 
correlations were observed among score traits and F%, 
FY, and P%, with values ranging from −0.04 to −0.44. The 
SCS and TBCS had moderate genetic correlation (0.54). 

Discussion

The average value observed for milk production in the 
present study (5017.5 kg) was greater than the average values 
reported in other studies about Jersey breed in Tropical 
region. Missanjo et al. (2013) found average of 4468.0 kg 
for Jersey in Zimbabwe, while Rincón et al. (2015) and 
Zambrano et al. (2014) reported 4234.0 L/lactation and 
3857.0 L/lactation for Jersey in Colombia. Our results for fat 
(192.3 kg and 4.3%) and protein (173.0 kg and 3.3%) traits 
were also very similar to those reported by Missanjo et al. 
(2013), who found 199 kg and 4.42% for fat traits and 158 kg 
and 3.52% for protein traits. Results of Jersey herds from 
Colombia, reported by Rincón et al. (2015) (P% = 3.44% 
and F% = 4.66%) and Zambrano et al. (2014) (P% = 3.44% 
and F% = 4.71%) were also similar to those of the present 
study. In addition, our average value for SCS (5.9) was close 
to the value estimated by Missanjo et al. (2013) for Jersey 
in Zimbabwe (5.54) and higher than the values reported 
by Zambrano et al. (2014) (3.98) and Rincón et al. (2015) 
(4.22) in Jersey from Colombia. 

On the other hand, Paulson et al. (2015) reported 
more expressive average values (milk: 8949.37 kg; fat: 
425.47 kg; protein: 321.60 kg; and SCS: 2.77) for Jersey 
breed in the United States. Thus, the average values found 
in the present study show that, although Brazil occupies a 

Table 3 - Estimate of genetic (upper diagonal) and phenotypic 
(lower diagonal) correlations among the traits 
MY F% FY P% PY SCS TBCS

MY 0.66 0.28 0.32 0.28 0.18 0.28
F% 0.01 0.53 0.46 0.36 −0.15 −0.04
FY 0.78 0.66 0.16 0.72 −0.12 −0.13
P% −0.01 −0.01 −0.02 0.36 −0.32 −0.44
PY 0.81 0.90 0.91 0.01 0.23 0.06
SCS 0.45 0.11 0.12 0.02 0.78 0.54
TBCS 0.13 0.31 0.02 0.13 0.83 0.17
MY - milk yield adjusted at 305 days of lactation; F% - fat percentage; FY - fat yield; 
P% - protein percentage; PY - protein yield; SCS - somatic cell score; TBCS - total 
bacterial count score.

Table 2 - Estimates of additive genetic (σa
2), residual (σe

2), and 
phenotypic (σp

2) variance components and heritability 
(h2) for economic traits in the Jersey cows in Brazil

Trait σa
2 σe

2 σp
2 h2

MY 514338.70 2607000.00 3121338.70 0.16±0.02
F% 0.3668 0.2940 0.6608 0.55±0.02
FY 622.9 2912.0 3534.9 0.18±0.02
P% 0.08534 0.05490 0.14024 0.61±0.01
PY 670.7 1957.0 2627.7 0.25±0.02
SCS 0.020730 0.07659 0.09732 0.21±0.03
TBCS 0.1006 1.076 1.176 0.08±0.02
MY - milk yield adjusted at 305 days of lactation; F% - fat percentage; FY - fat yield; 
P% - protein percentage; PY - protein yield; SCS - somatic cell score; TBCS - total 
bacterial count score.

Table 1 - Number of observations (N), minimum, maximum, average, standard deviation (SD), and coefficient of variation (CV) for all traits
Trait N Minimum Maximum Average SD CV
MY (kg) 5917 1004.0 9846.0 5017.5 1771.9 35.3
F% 5916 2.0 7.0 4.3 0.9 20.3
FY (kg) 5916 94.0 349.9 192.3 62.3 32.4
P% 5918 2.0 4.0 3.3 0.4 12.6
PY (kg) 5918 96.1 339.8 173.0 54.3 31.4
SCS (scores) 3021 2.1 7.7 5.9 1.1 19.6
TBCS (scores) 2782 1.0 3.4 2.9 0.3 10.3
MY - milk yield adjusted at 305 days of lactation; F% - fat percentage; FY - fat yield; P% - protein percentage; PY - protein yield; SCS - somatic cell score; TBCS - total bacterial 
count score.
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prominent position in the world rank of milk production, 
the productivity of Jersey herd in Brazil is more similar 
to that in underdeveloped countries such as Zimbabwe and 
Colombia, compared with that in developed countries such 
as USA. This result indicates the need to implement Jersey 
breeding programs that lead to the selection of animals 
based on estimated genetic breeding values.

In previous studies carried out with the Jersey breed in 
other countries (Sharma et al., 1983; Missanjo et al., 2013; 
Rincón et al., 2015; Zambrano et al., 2014) estimates of 
heritability for MY ranging from low to moderate were 
found. The value found in the present study (0.16±0.02) 
was similar to those reported by Sharma et al. (1983) 
and Rincón et al. (2015), who found the heritability for 
MY in the Jersey breed of 0.14 and 0.15, respectively. 
However, higher values were reported by Missanjo et al. 
(2013) (0.38) and Zambrano et al. (2014) (0.34). These 
differences between studies may be due to factors related 
to data analysis (e.g., dataset size, model, and method of 
analysis), as well as to the genetic (e.g., numbers of sires 
and dams, and inbreeding coefficient) and environmental 
(nutritional, reproductive, and health management) factors. 
Therefore, comparing the heritability between different 
studies is a difficult and often impossible task. 

The low heritability estimated in the present study 
may be due to the use of 305-day MY. Sharma et al. 
(1983) detected a heritability of 0.14 using 305-day MY 
but estimated 0.26 with the use of test-day record method. 
Only one previous study was conducted with the Jersey 
breed in Brazil and used the test-day record from the 5th to 
305th day as MY and found heritability estimates ranging 
from 0.81 (5th test-day) to 0.20 (305th test-day) (Dionello 
et al., 2006). Therefore, the heritability for MY in the 
Brazilian Jersey may be greater than the estimate obtained 
in the present study. Nevertheless, the heritability estimates 
for MY in the present study indicates a genetic variability 
that can be exploited in selection schemes.

For Jersey breed, estimates of heritability for FY 
ranging from low to moderate have been reported (Gacula 
Jr. et al., 1968; Musani and Mayer, 1997; Campos et al. 
1994; Roman et al., 2000; Missanjo et al., 2013). Gacula 
Jr. et al. (1968) and Musani and Mayer (1997) reported 
heritability values of 0.10 and 0.08, respectively, while 
Roman et al. (2000) and Missanjo et al. (2013) reported 
values of 0.31 and 0.39, respectively. In the present study, 
the FY heritability (0.18±0.02) indicates that genetic 
variability can be used during selection. However, the 
genetic gain per generation would be small. On the other 
hand, in the present study, the F% had large heritability 
(0.55±0.02), which confirmed previous values reported 

for the Jersey breed. Campos et al. (1994), Roman et al. 
(2000), Missanjo et al. (2013), and Rincón et al. (2015) 
estimated F% heritability as 0.53, 0.53, 0.47, and 0.46, 
respectively. Therefore, genetic gains per generation with 
selection for F% should be higher than the selection for FY.

In previous studies with Jersey breed cows, the 
estimates of PY heritability ranged from low to high. A 
low value was estimated by Roman et al. (2000) (0.17), 
moderate values were estimated by Sharma et al. (1983) 
(0.26) and Ahlborn and Dempfle (1992) (0.24), while 
Campos et al. (1994) detected a high value (0.43). In 
the present study, the heritability for PY of 0.25±0.02 
indicated a genetic variability that could be used during 
selection and that the genetic gain per generation should 
be moderate. In the present study, P% had large heritability 
(0.61±0.01), which confirmed previous values reported 
for the Jersey breed. Campos et al. (1994), Roman et al. 
(2000), Sharma et al. (1983), and Missanjo et al. (2013) 
estimated P% heritability as 0.66, 0.53, 0.50, and 0.49, 
respectively. Therefore, genetic gains per generation with 
selection for P% should be higher than the selection for PY.

As expected, F% and P% presented higher heritability 
values when compared with yield traits (Table 2). Previous 
studies with the Jersey breed obtained a similar difference 
between yields and percents. Missanjo et al. (2013) 
reported 0.39 for both FY and PY but estimated 0.47 and 
0.49 for F% and P%, respectively. Roman et al. (2000) 
reported 0.31 and 0.17 for FY and PY, respectively, but 
estimated 0.53 for both F% and P%. Similar results have 
been observed in other dairy cattle breeds (Bastin et al., 
2013; Van Engelen et al., 2015; Sneddon et al., 2016). 
Therefore, available data for fat and protein traits suggest 
higher genetic variability for percents than for yields and that 
greater gains could be obtained by selecting for F% and P%.

Clinical and subclinical mastitis had a significant 
economic impact on daily systems because they reduce  
milk production, increase the need for culling of cows, and 
increase costs (drug and treatment expenses). Guimarães 
et al. (2017) compared real × ideal mastitis indices in 
Holstein cows from Minas Gerais State, Brazil, and found 
that milk production was 27.2% higher under ideal mastitis 
rates than real farm mastitis rates, indicating a need to 
control and prevent mastitis. Improved environmental 
conditions may help reduce mastitis frequency, but 
selection of more resistant animals may also contribute 
to this control. Philipsson et al. (1995) indicated that 
selection for decreasing SCC could reduce the occurrence 
of mastitis. Pritchard et al. (2013) reported a genetic 
correlation between mastitis occurrence and SCS of 0.69, 
which suggests this trait as a possible selection criterion 

http://www.sciencedirect.com/science/article/pii/030162269400067H
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to reduce mastitis occurrence. In this study, we estimated 
the heritability of SCS at 0.21±0.03, which indicates a 
genetic variability for selection, but that the genetic gain 
per generation would be moderate. The SCS has been 
little studied in Jersey cattle, and previous estimates 
of heritability were low and ranged from 0.01 to 0.11 
(Missanjo et al., 2013; Zambrano et al. 2014; Rincón et al., 
2015). However, estimates of heritability reported for the 
Holstein breed by Weller and Ezra (2004) (0.25), Dube 
et al. (2008) (0.19), and Wasana et al. (2015) (0.22) in the 
first lactation of cows in Israel, South Africa, and South 
Korea, respectively, are closer to that detected in this 
study. The definition of a selection criterion depends on 
several factors, such as its association with the selection 
objective, ease of measuring it, genetic correlations with 
other selection criteria, and its heritability. Considering 
only heritability, SCS is a potentially useful criterion for 
selection for improving the resistance of Brazilian Jersey 
cows to mastitis.

This study is the first to report an estimate of 
heritability for TBCS in the Jersey breed, perhaps because 
TBCS has more environment causes. According to Lopes 
Júnior et al. (2012), the magnitude of peak total bacterial 
count depends on the percent of infected mammary 
quarters, strain of bacteria, and stage of infection. However, 
it is known that high values of TBCS may be a consequence 
of the presence of mastitis in cows (Jeffrey and Wilson, 
1987). Thus, TBCS must be evaluated to determine its 
potential as a selection criterion for increasing mastitis 
resistance in cows. In the current study, the heritability 
for TBCS was low (0.08±0.02), indicating genetic 
variability that could be used during selection. However, 
the genetic gain per generation would be expected to be 
small. Considering that the SCS has a greater heritability 
and greater association with the selection objective (to 
reduce the frequency of mastitis in the herd), we do not 
recommend the use of TBCS as a selection criterion.

The positive genetic correlation between MY and F% 
(0.66) and P% (0.32) found in the present study indicates 
that the selection to increase the volume of milk produced 
will also increase F% and P%, especially F%, whose 
genetic correlation with milk volume was higher. Similar 
results were reported by Ahlborn and Dempfle (1992), who 
estimated genetic correlation between MY and P% at 0.33, 
while Missanjo et al. (2013) found a genetic correlation 
of 0.62 between MY and F%, both positive values similar 
to those reported in the present study. However, negative 
values for genetic correlation between MY and F% (−0.56) 
and P% (−0.56), as reported by Sharma et al. (1983), are 
more common in the literature for milk production.

We expected higher values of genetic correlation 
between MY and PY and FY. Sharma et al. (1983), Ahlborn 
and Dempfle (1992), Campos et al. (1994), and Missanjo 
et al. (2013) studied the Jersey breed and reported values 
ranging from 0.60 to 0.98 for the genetic correlation 
between MY and FY, while the genetic correlation between 
MY and PY ranged from 0.59 to 0.98 in these studies. In 
the present study, the genetic correlation between MY 
and FY (0.28) and PY (0.28) were lower than in previous 
studies with Jersey breed. The present study was performed 
on a small data set, distributed across four decades, which 
may have influenced the (co)variance and, consequently, 
interfered with the estimates of correlation between milk 
and solid traits. However, the positive values indicate that 
the selection aimed at increasing MY would also increase 
FY and PY. 

Fat and protein traits (percent or yield) had positive 
genetic correlations ranging from 0.16 to 0.72 (Table 3). 
Campos et al. (1994) reported similar results, with positive 
values between 0.11 and 0.79 for genetic correlation 
between yields and percentages of protein and fat. Thus, 
selection aimed at increasing any of these variables would 
likely cause an increase in the others, which is desirable.

Genetic correlations between MY and SCS and TBCS 
were positive and low, similar to that reported in previous 
studies with dairy cows. Rincón et al. (2015) found values 
of 0.09 for this correlation in the Jersey breed, while 
Monardes et al. (1984) and Pritchard et al. (2013) reported 
a genetic correlation between SCS and MY in Holstein 
cattle of 0.35 and 0.12, respectively. A few studies, such 
as Missanjo et al. (2013), have reported values of −0.38 
for genetic correlation between MY and SCS in the 
Jersey breed. Moreover, Oltenacu and Broom (2010) 
emphasized that selection aimed at increasing MY favors 
the occurrence of mastitis. The small value observed in 
most of the studies indicates that different genes act in the 
control of MY and SCS. In that case, selection to increase 
MY should not increase, at least in the short term, the 
frequency of mastitis in herds. To reduce the occurrence of 
mastitis, we propose that other environmental factors must 
also be investigated.

The genetic correlations of SCS and TBCS with F% 
and P% were negative and varied from −0.04 to −0.44 
(Table 3). These results are in line with those reported by 
Rincón et al. (2015), when evaluating the Jersey cattle in 
Colombia and reported values of −0.13 (SCS × P%) and 
−0.28 (SCS × F%). However, the genetic correlations 
between SCS and TBCS with PY and FY were of opposite 
signs, being negative for fat and positive for protein. 
Wasana et al. (2015) reported negative genetic correlations 
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between SCS and the PY (−0.04) and FY (−0.02), but 
with values close to zero; while Pritchard et al. (2013) 
found positive genetic correlations between SCS and the 
PY (0.13) and FY (0.07). The reduced value of most of 
these correlations indicates only little association between 
the genes that increase these milk solids and genes that 
increase susceptibility to mastitis. 

The positive and moderate genetic correlation between 
SCS and TBCS (0.54) indicates that both traits are partially 
under the effect of the same set of genes. This result 
supports the use of SCS as a selection criterion to increase 
the resistance to mastitis in Jersey cows in Brazil because 
TBCS has a lower heritability than that estimated for SCS 
in the current study (Table 2). In addition, SCS has a closer 
relationship with the objective to be achieved, which is the 
reduction of mastitis occurrence in herds.

Conclusions

The Jersey breed from Brazil shows genetic variability 
for all traits analyzed in the present study, and our results 
suggest that higher genetic gain will be achieved when 
fat and protein percentages are used as selection criteria. 
In addition, it is important to use somatic cell score as a 
selection criterion since selection for milk and protein 
yields may lead to higher somatic cell score or total 
bacterial count score values, which are undesirable.
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