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SUMMARY

The objective of this study was to investigate the assoctation between milk, fat and
protein yields wiith somatic cell count in milk, and to study possibilities for improving
the performance of the Egyptian buffalo. A total of 1408 lactation records for
somatic cell count and milk yield traits, representing 702 buffalo cows daughter of
103 sires and 544 dams, were analyzed by fifting @ multiple-trait repeatability animal
model using the restricted maximum likelihood (REML) procedure. The model
included herd-year-season of calving and age nested within parity for the first five
parties gs fixed effects while additive genetic and permanent environment were used
as random effects, All fixed effects contributed significantly (P<(0.0001) to variations
in all traits. The average lactation yields {p SD) of milk, fat and protein (kg) and
lactation measure of somatic cell count were 1402 (643), 94.9 (46.5), 53.6 (24.2),
and 4.79 (0.31), respectively. Heritability estimates for lactation yields of milk, fat
and protein and somatic cell count were 0.16, 0.12, .15 and 0.27, respectively. The
corresponding repeatability estimates were 0.52, 0.50, 0.51 and 0.38. Phenotypic and
genelic correlations between all yield traits were positive and high (0.95 to (.99).
Correlations between lactation somatic cell count (LSCC) and milk yield traits were
low (~0.29 to 0.01). Therefore, a selection program to improve milk yield is expected
to result in a favourable response in other milk yield traits without a negative effect
on uddei health for the Egyptian buffalo. '
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INTRODUCTION

Mastitis is the most costly diseases in dairy praduction; hence, reducing rmastitis
incidence is important for economic, environmental and animal welfare reasons. In
dairy cattle, selection for milk yield alone causes negative effects on udder health
(Emanuelson ef al.,, 1988; Mrode and Swanson, 1996 and Heringstad et al, 2003).
Somatic cell score could be used as an indirect selection criterion for mastitis
incidence, as is widely done in dairy cattle (Cofley et al., 1986; Mrode and Swanson,
1996 and Rodriguez-Zas et o, 2000). Somatic cell count is relatively easy to record
and has a higher heritability than mastitis incidence (Mrode and Swanson, 1996).
Estimates reported for the heritability of lactation measures of somatic. cell count
ranged from 0.12 to 0.39 (Kadarmideen and Pryce, 2001; De Ross ef al., 2003 and
Weller and Ezra, 2004) for dairy cattle.
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In Egypt, where there is lack of national database on resistance for diseases such
as mastitis, SCC becomes very important as 2 tool for reducirig mastitis incidence
(El-Bramony ef al., 2004a). Therefore, estimating genetic parameters of somatic cell
count and milk yield traits seems essential, The aim of the present study was to
investigate the association between milk, fat and protein yields with somatic cell
count, in the first five lactations and to study possibilities of improving performance
the Egyptian buffalo.

MATERIALS AND METHODS

Description of the data set: :

Data used in this study were collected at moathly intervals over the period from
October 1999 through November 2008 from four buffale experimental herds
belonging to the Amnimal Production Research Institute (APRI), Ministry of
Agriculture and Land Reclamation. Test day (TD) records for milk yield, fat and
protein percentages were measured following an alternative am-pm monthly
recording scheme, Then, milk yield traits per lactation were estimated and adjusted to
305-d using Fleischmann’s method (Barillet, 1985). Buffalo cows with less than 3
TD records per lactation were excluded from the data. The maximum number of test
day records per lactation was 10 records.

Fat and protein percentages were measured by the automated method of infrared
absorption spectrophotometry (Milk-o-Scan; Foss Electric, HillerI d, Denmark), and
SCC was determined by the floro-opte-electronic cell counting (Fossomatic, Foss
Electric, HillerId, Denmark), both at the Dairy Services Unit, Animal Production
Research Institute, Sakha, Kafr El-Sheikh Govemnorate. Some of the buffalo cows
were hand milked while others were machine milked. Milking was practiced twice a
day at 7 am and 4 pm throughout the lactation period. TD records for SCC were
transformed to their logarithmic form (logy SCC) in an effort to normalize their
distribution (Ali and Shook, 1980). The lactation measure of SCC (LSCC) was the
mean of test day log)o SCC corrected for days in milk, age at calving and milking
type as suggested by Wiggans and Shook (1987). A total of 1408 lactation records of
milk yield traits and SCC for 702 buffalo cows, daughter of 103 sires and 544 dams
were used in the study. Data were classified according to the month of calving into
two seasons: hot (April through Septerber) and mild for the rest of months. All
known relationships among individuals were considered in the animal model,

Statistical analpsis:

Genetic parameters were estimated by the Restricted Maximum Likelihood
(REML) procedure, using the software VCE 4.0 (Groeneveld and Garcia Cortés,
1998), fitting a multiple-trait repeatability animal model and incorporating all
available pedigree information. The following multiple-trait animal model was
employed to analyze somatic cell count and milk yield traits:

Yijktmn = 1 + Aj+ Pej + HY S, +P; +FAWP, + €50

where:

Yijum = the record of (305-d milk yield, 305-d fat yield, 305-d protein yield and
lactation measure of SCC);
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I3 = the overall mean,

A = the additive genetic random effect of buffalo, assumed to be NID (0, ¢ 2.);

Pg;  =the pennaneut environment random effect on the buffalo assumed to be
NID (0, ¢ %)

HYS, = the fixed effect of herd-year season of calving (73 levels);

P, = the fixed effect of lactation number (5 levels representing the first 5

parities);

AWP, = Age within panty as a covariable and

Eijkdmn = the residual random error term associated with observation Y assumed to be
NID (0, ¢ %,). Phenotypic parameters were estimated by the GLM and CORR
procedures of SAS (SAS, 2000).

RESULTS AND DISCUSSION

Means, standard deviations (SD), minimums (Min.), maximums (Max.), and
coefficients of variation (CV %) for studied lactatjon traits (kg) are given in Table 1.
The mean of 305-d milk yield is comparable with that reported by Mourad et al.
(1991), for Egyptian buffalo. The mean of 305-d milk yield (1402) is smaller than the
corresponding estimates {1561, 1670 and 2287 kg) reviewed by Mourad et al. (1990),
Rosati and Van Vleck (2002) and Ahmad et al. (2009) working on different
populations of buffaloes, Means of percentages for both fat and protein are within the
range reported in the literature, which ranged from 5.0 to 13.3% for fat% and from
3.1 to 6.5% for protein% as reported by Cerén-Muiioz ef al. (2002), Rosati and Van
Vleck (2002) and Nazari ef al. (2010) working on different populations of buffalo.
Means for 305-d fat yield (FY) and 305-d protein yield (PY) obtained in the present
study were much lower than their corresponding estimates given by Rosati and Van
Vieck (2002) for the Italian buffalo (197 kg and 105 kg, respectively). Kitchen
(1981) found no change in fat content, yet total fat yield decreased because of a
decline in milk production.

Table 1. Means, standard deviations (§D), minimums (Min.), maximums (Max.),
and coefficients of variation (CV %) of the lactation traits

Traits' Mean SD Range CV%
Min. Max.

MY, kg 1402 645 512 3983 36

FY . kg 949 46.5 30.0 3421 39

PY ,kg 53.6 242 . 20.0 187.8 36

LSCC 479 0.31 3.91 6.04 8

MY 305-d milk yield; FY: 305-d fat yield, PY:P 305-d protein yield; and LSCC: lactation
measure of SCC, corrected mean by (Wiggans and Shook, 1987).

The mean of LSCC (4.79) is comparable with that (4.74 - 4.83) reported by (EI-
Bramony et al., 2004a; Saleh, 2005 and Youssef et al., 2009) working on Egyptian
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buffalo and Haile-Mariam et al. (2001) and Mrode and Swanson (2003) for Holstein
Friesian cows. L '

The results of the analysis of variance revealed that all fixed effects {herd-year-
season of calving and age within parity) had a significant effect (P<0.0001) on
variation of all the studied traits. Similar results were reported by Mourad ef al. (1990
and 1991}, Badran et al. (2002) and El-Bramony et al. (2004a) for Egyptian buffalo;
Ceron-Mufioz et al. (2002) for Murrah buffalo and Wiggans and Shook (1987),
Boettcher et al. {1992) and Haile-Mariam et al. (2001) for dairy cattle. Table-2 shows
the effect of lactation order on the studied traits. All traits were affected (P<0.001) by
lactation order and tended to increase as lactation number increased. Similar results
for milk yield traits were reported by Badran et al. (2002), Cerén-Muifioz et al. (2002)
and El-Bramony et al. (2004a) working on different populations of buffalo.

Results in table 2 show that LSCC significantly decreased in the fourth lactation
compared with the first three lactations followed by a significant increase in the fifth
one. The increase in SCC with parity (age) is attributed to the fact that older cows
have a greater opportunity for exposure to mastitis causing pathogens than younger
ones (Reneau, 1986 and Detilleux et al., 1997).

Table 2. Least squares means of the lactation traits by lactation

Traits’ Lactation

1 2 3 4 5
MY, kg 1254° 1325° 1457° 15214 1636°
FY, kg 85.7 88.1° 100.1° 105.1¢ 110.0°
PY, kg 51.1° 52.9° 56.7° 58.2¢ 61.5°
LSCC 4.81° 4.80° 4.78" 4.70° 4.88°

Abede: Means within rows with different superscript differ significantly (p<0.05).
! See abbreviations in table 1.

Heritabilities: .

Heritability estimates for 305-d MY, 305-d FY and 305-d PY were 0.16, 0.12
and 0.15, respectively as listed in Table3. Estimates were comparable with these
reported by Rosati and Van Vieck (2002) for Italian buffalo but lower than those
reported by Duarte (2002) for buffaloes in Brazil. Mourad and Mohamed (1995)
reported that heritability estimates for total milk yield ranged from 0.03 to 6.20 in the
first five lactations with an average of (.11 across lactations. El-Bramony et al.
(2004b) reported heritability estimates for test day milk records ranging from 0.12 to
0.22 in the first three lactations. Heritability estimates ranged from 0.12 to-0.20 for
305-d in Holstein cows (Dematawewa and Berger, 1998 and Al-Seaf et al., 2007).
Jensen et al. (2001) found that residual variance generally increased with parity. El-
Bramony et al. (2004b) found that permanent enviornmental and residual variances
tended to increase toward the edges of the defined lactation trajectory.

Generally, estimates of heritability obtained in the present study are low despite
the fact that the Egyptian buffalo has not gone through intense genetic selection that
could result in eroding the additive genetic variance.
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Table 3. Estimates of heritability (h%), repeatability (r) and their standard errors
of ihe lactation traits

Traits' 12 SE r SE
MY 0.16 0.03 0.52 0.02
FY 0.12 0.01 0.50 0.02
PY 0.15 0.03 0.51 0.02
LSCC 0.27 0.03 0.38 0.02

ISee abbreviations in table 1.

Heritability estimate for LSCC in this study is within the range of estimates
obtained when working with test day records for the same population El-Bramony ef -
al. (2004b). Estimates reported in the literature for heritability of SCC (LSCC)
ranged from 0.12 to 0.39 (Kadarmideen and Pryce, 2001; De Ross et al., 2003 and
Weller and Ezra, 2004) for dairy cattle, Coffey et al. {1985) found a dramatic
increase of estimates (0.10 to 0.29) between 2™ and 3™ and later lactations.
Heritability estimates for LSCS tended to increase as lactation number increased (Da
et al., 1992). El-Bramony ef al. (2004b) reported that there were lower variances
(genetic, permanent environmental and residual) in 2™ and 3™ lactations. Haile-
Mariam et al. (2001) stated that the increase in heritability with stage of lactation was
accompanied by a large decrease in environmental and residual variances. De Ross et
al. (2003) explained that other factors rather than genes (dry period and calving
process) may be responsible for these results.

Repeatability estimates for milk yield traits ranged from 0.50 to 0.52 (Table3).
These estimates are relatively higher than the estimates reviewed by Mourad ef al.
(1991), Tekerli ¢ ai. (2001) and Nazari et @l. (2010} for different populations of
buffalo that were in the range from 0.41 to 0.48. This could be a result of the increase
of cow variance and the decrease of residual variance with age. Dematawewa and
Berger (1998) reported comparable estimates of repeatability for 305-d MY, 305-d
FY and 305-d PY being 0.42, 0.41 and 0.41, respectively for Holstein dairy cows.

Repeatability estimate for LSCC ranged from 0.32 to 0.45 (Da ef al., 1992;
Schutz et al.,, 1994 and Kadarmideen and Pryce, 2001} for dairy cattle, Heritability
. and repeatability estimated for LSCC in this study (0.27 and 0.38, respectively) are
within the range of estimates found in the literature for dairy cattle. Therefore,
tecommendations similar to those practiced for dairy cows, such as maintenance of
hygienic conditions and the culling of sires on genetic basis when their daughters are
predisposed to high SCC, are also recommended for dairy buffaloes to improve udder
health,

Phenotypic and genetic correlations:

Phenotypic and genetic correlations were positive, nearly equal unity between
milk yield traits (Table 4), This means that a genetic program to select for any of
them would result in a favorable genetic response in the others. Similar estimates for
genetic correlations between MY and both of FY (0.88)-and PY (0.95) were reported
by Rosati and Van Vieck 2002 for Italian buffalo. Duarte, {2002) estimated a genetic
correlation between FY and PY of 0.88 for buffalo in Brazil. The corresponding
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estimates for dairy cows, ranged from 0.69 to 0.92 as. given by Dematawewa and
Berger (1998) and Kadarmideen et al. (2003).

Table 4. Phenotypic correlation coefficients (above the diagonal) and genetic
correlations (below the diagonal) among lactation traits

Traits' MY FY PY LSCC
MY 0.96 0.96 0.02 .
FY 0.99 0.95 0.01
PY 0.99 098 0.03
LSCC -0.29 -0.26 -0.28

'See abbreviations in table 1, standard errors of genetic correlations ranged from 0.03 -0.16.

LSCC had very weak and negative phenotypic correlations with both MY (-0.02)
and PY {-0.03) with almost no correlation with FY (0.01}. In general, phenotypic
correlations found in the literature of SCC and milk yield traits for dairy cattle were
weak and negative ranging between -0.23 to <0.05 (Kennedy ef al., 1982 and Schutz'
et al,, 1990). A positive but also weak genetic correlation {0.14) was reported
between SCC and milk yield traits (milk, fat, and protein) by Mrode and Swanson
(1996). Genetic correlations between yield traits and LSCC were moderate to [ow
ranging from -0.32 to 0.24 (Schutz et al. 1990; Jamrozik ef al.,, 15998 and Al-Seaf ef
al, 2007). Schutz ez al. {1990) and Jamrozik et al. (1998) stated that LSCC had small
and positive génetic correlation between 305-d milk in the I* lactation and negative
in 2 and 3" Jactations. This result may be due to culling in the 1% lactation on the
bases of mastitis and production. Negative estimates for genetic correlation in later
parities may be due to different genetic factors that influence milk and lactation mean
SCS in first and later parities (Banos and Shook 1990).

Negative genetic associations between milk yield traits and LSCC (Table 4) arc
considered to be favorable, suggesting no antagonism between improvement of milk
yield traits and udder health.

CONCLUSION

The positive and high genetic and phenotypic correlations (nearly equal unity)
between lactation yield traits (mnilk, fat and protein) means that a genetic program to
select for any of them would result in a favorable genetic response in the others. The
low genetic correlations of lactation somatic cell count (LSCC) with milk yield traits
indicate that a selection program to improve milk yield traits is not expected to result
in a negative effect on udder health.
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