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SUMMARY

Somatic cell count (SCC) and milk production traits were studied to explain their
variability attributed 1o differences in age at calving within primiparous or
multiparons cows. The analyzed data involved 6 Hungarian Holstein-Friesian
genonypes having total mumber 193467 lactation records representing 4 parities
collected from 8 farms during three years (1991 ro 1993). The statistical mived
model included cow as randont effect nested within genetic group, parity, age of
calving within parity, and herd-year month of calving as fived effects. Age ar calving
was divided into 16 clusses (4 classes per parity). The overall least squares means
for examined traits were daily milk yield (DY): 21.442.2kg; far (F%): 3.7+0.11;
protein (P%): 3.2+0.09; lactose (Lac%): 4.8+0.11; SCC (thousand cells per ml):
299+86; and milk production in 305 dayvs (305-MY): 5804+£161kg. Differences, in
most studied traits, due 1o fixed effects were significant (P<0.05 to P<0.0001).
Lactational means of SCC tended 1o inerease with advancing order of lactation and
age of calving within parity in « linear fashion. Changes in SCC and in milk
production traits occurred from parity to another except in F% which decreased with
advancing order of lactation. Changes in SCC with advancing calving age within "
parity were higher than the corresponding changes within fugher  parities.
Repeatability estimates were computed for lactational and sample test day using
complete lactations and sample test day data sets, respectively. Estimates of
lactational repeatability were 0.4, 0.39, 0.38, 0.55, 0.50 and 0.47 for DY, FG. P%,
Lac%, SCC and 305-MY, respeciively. The highest rate of increase in repeatability of
sample test day was found for SCC obrained within the 3 parity with advancing age
at calving. Estimates of repeatability indicate that sample test-day information may
play an important role in improving dairy cattle profitability.
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INTRODUCTION

Genetic improvement in milk yield has been accompanied by health problems.
Thus, the health care cost accounts for 10-20% of milk yield value (Shook and
Schutz, 1994). About half of this cost is due to mastitis treatment. Direct selection to
reduce the incidence of mastitis is not easy. Somatic cell count (SCC) has for many
years been used as an indirect means of identitying high levels of (sub)-clinical
mastitis in dairy herds. Dairy control agencies, dairy herd international testing
laboratories, and milk plants use electronic sematic cell count (SCC) instruments as a
fast, economical and relatively accurate method to assess SCC concentrations in
milk. As an indicator for mastitis, SCC of milk has several desirable attributes for
selection. SCC information is used for control purposes, and in national scale genetic
evaluations (Boettcher et af., 1992 and Wiggans er al., 1994), and decision-making
on the farm level (Reneau, 1986). Faust and Timms (1995) reported that overall
mean of SCC was 418,000 cells/m! with range from 9000 to 3,966,000 and the
coeflicients of variability ranged from 7.6% to 16.4% in Denmark. Boeticher ¢ al.
(1992) reported that the highest lactational means of somatic cell score tended to be
in the short lactations of young cows than in the long lactations in older cows. Schutz
et al. (1990a) found that, means of somatic cell score (SCS) tend to increase with age
in each parity, while the heighest means of milk yield, fat and protein percentage
were obtained at 25 to 27 mo. of calving within 1" parity and at 37 to 40 mo within
the 2" calving. Also, they found that, behavior of SCS was different in 1" than in
subsequent parities suggesting that SCS may respond to different stimuli early versus
late in life. Schutz er al. (1994) found that, the variance estimates of the permanent
environmental effect for SCC in three different herds of HF ranged from 0.20 to 0.22
and the maximum cow repeatability was 0.324. The corresponding estimate by Da er
al. (1992) was 0.35 and by Welper and Freeman (1992) was 0.27. Zhang et al.
(1994) found that, repeatability estimates for lactational somatic cell score (LSCS) of
bulls with at least 30 daughters were 0.64+.18 for 1* lactation, 0.76 + 0.15 for 2 1o
5¥ lactation and 0.86 + 0.14 for all lactations. Mrode and Swanson (1996) found that,
phenotypic correlations between SCC values across lactations are generally lower
than the genetic correlations, the phenotypic and genetic correlations between
lactations one and two, one and three, and two and three averaged 0.26 and 0.21,
0.36 and 0.76, and 0.76 and 0.87, respectively. Rogers er al. (1995) reported that,
phenotypic correlations for SCS were generally much smaller than the corresponding
genetic correlations. They found that, phenotypic correlations, within lactation
ranged from 0.40 to 0.59 and across lactations ranged from 0.15 to 0.35.

This study was undertaken to investigate effects of age of cow within parity and
month and year of calving on 305-day milk yield, milk composition and somatic cell
count in the first four parities, and estimation of repeatability, as a guide for the
prediction of milk production in the subsequent lactations and as an indicator of
susceptibility to mastitis, was performed.
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MATERIALS AND METHODS

Data

The collected data invelved 54 grades/combinations of crossing between
Holstein-Friesian (HF) and Native Hungarian Breed (NHB). NHB was constructed
earlier form crossing between several European breeds. Genetic types in the present
study were grouped mainly into 6 classes, HFE purebred, NHB, <25%HF, >25-
<50%HF, >50-<75%HF and >75%HF. These animals had been reared in 8 farms
during the period from 1991 to 1993 in Hungary. The total number of lactation
records was 193467 representing four parities. The data were classified into four
classes of age within parity with 4 months interval as shown in Table 3. Milking
frequency varied between farms and ranged from 2 to 3 times per day. All three
milking records were adjusted before analysis to two times only using appropriate
correction factors (DHIA 1979). Vacum pressure of the milking parlor machine
ranged from 40 to 60 kilo paskal/min. Only one type of instruments was used in one
laboratory for counting somatic cells and measuring different milk compositions.
Studied traits were daily milk yield (DY), fat percentage (F%), protein percentage
(P%), lactose percentage (Lac%), somatic cell count/ml of milk (SCC), and milk
yield in 303 days (305-MY). Production tests were performed in the middle of each
month throughout the complete lactation in the first four parities. Correlation
coefficients between the same traits in different parities (lactational repeatability) and
within parity (sample test-day repeatability) were calculated using two different types
of data sets, the first composed of whole lactation of all parities for all traits, and the
second sample test-day measures within parity.

Statistical Analysis

All percentage data (F%, P%, & Lac%) were transformed using arcsine scale
while SCC observations into natural logarithms. The following mixed model was
adopted using the general linear models procedure of SAS GLM (SAS package
1992):
=u+G+C,+F,+B+A, +R +M, +€pppp D

¥ ijkdmnop ml
Yiitmop - the natural log transformed of SCC, or arcsine transformation of sample
test-day fat, protein, or lactose percentage, or the original observed values for DY
and 305d-MY.

[L: Population mean, Gy fixed effect of ith genetic group, i= 1 to 6 (classified
according to the percentage of American Holstein Friesian genes when crossed with
the native Hungarian breed), C;;: random effect of jrh cow nested within ith genetic
group, Fy: fixed effect ol keh farm, P fixed effect of [tk order of lactation (1=1, 2,.4
parity), A,;: fixed effect of mrh classes of age at calving within Ith parity, R,: fixed

effect of uth year of calving, M, fixed effect of oth month of calving, and 8,}.,{.,”"10” 3

random residual effect.

Residual standard deviation from model (1) and mean SCC for the fixed effects
(farm, parity, age within parity, month and year of calving) were used to compute
coefficients of variation for all individual fixed effects. Measures of SCC and milk
production traits in every age at calving class within parity were regarded as different
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traits in a separate analysis of variance for computing sample test-day repeatability
for each trait.

The effect of lactation stages (sample test-day analysis of variance) was
considered as effect of stage nested within parity in special model derivative from
model (1). Separate analyses of variances were applied per parity.

Intraclass correlation provides a direct estimate of repeatability and was
computed for all studied traits across four parities (3-1) and within each parity (3-2)
as

N N N N N
1 =0 2C+0 60 cHO epptO €) 4%

N N N N N
t=0"ct+0 2€PE+GA26TE/ ©Cc+0 e E+O'2€TE+O'A2€) 2)

~ N W ~ ~ L7, 2
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where 1 is the intraclass correlation, o' c+G “epy are estimates of genetic and
permanent environmental variance components (in lactational repeatability),
oc+cep; +0 7 ere are estimates of genetic, permanent and temporary
environmental variance components (in sample test-day repeatability), and

%) #2 a2 . ; ;
ags,0 52,&0' € are estimates of the lactational, sample and the remainder

variance components, respectively. Estimates of all variance components were
generated using Variance Component Estimation package (VCE-package,
Groeneveld, 1996).

RESULTS AND DISCUSSION

Analysis of variance and leasi-squares rmeans

The computed variance percentage in DY, F%, P%, Lac%, SCC, 305-MY are
presented in Table 1. Variations in all studied traits due to the cow random effect
ranged from 20.2% to 30.0 and were higher than the corresponding variances
observed for any of the other fixed effects. However, cow variations in F%, 305-MY
and DY were greater than for the other studied traits. The effect of month and year of
calving on variation in SCC was lower than that computed for milk yield and
composition except year of calving on lactose% . Variations in P%, SCC, and Lac%
due to differences among genetic groups were higher than that computed for other
traits. This indicates that SCC could play an important role in the indirect selection
for their high genetically correlated economic traits (i.e. relationship between SCC
and mastitis). The slightly significant differences in most studied traits due to
variation among the eight farms indicate that managemerit effect is nearly the same
across the country and transportation of the animals from one region to another
would not have a clear effect upon the performance of the cow. Variations in the
studied traits due to the effect of farm ranged from 5.7% to 10.7% (Table 1). Milk
yield and SCC were more affected than the other studied traits by differences in farm
management level.
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Table 1. Variance percentage and significance in daily milk (DY), fat% (F%),
protein % (P %), lactose% (Lac%), somatic cell count (SCC), and 305-

day milk yield (305-MY)

SOV DY F% P% Lac% SCC 305-MY

GnGp 8.1 = 6.0 * 167 * 10.3 =Yg M 9.4 A%
Cow 24.7 RE30.0 0 YT 202 Y 2401 231 MY 251 b
within * *

genetic

group

Farm 9.3 2 6.1 i 6.4 R ¥ 108 8.2 *

Parity 120 * 8.7 * 8.7 * 8.1 LR 1075 11.3 ki
Age 68 64 * 67 * 64 ™ g4 * 54  *

within

parity

Year 6.9 R 8.4 - 6.4 50 6.3 10.1 *
Month 0 5 e 8.1 5.0 4.2 8.7
Residu-  21.5 18.7 26.8 354 26.1 21.8

al

s P<0.0001, ##%: P<0,001, **: P<0.01, *; P<0.05, total records no. = 193467, df residual
=134035

Least-squares means for studied traits in the first four parities and for the classes of age at
calving within parity are presented in Table 2. Variance proportion of the studied
traits due to the effect of parity ranged from 8.1 to 12% (Table 1). DY increased
progressively with advancing order of age at calving within the 1%, 2"/, and 4
parities. Schutz ef al. (1990 a) found that significant effect of calving ages on milk
yield in the first three parities and in milk compositions in 2™ and 3" parity only.
Results in Table 2 were used to compute average increase in SCC per parity as
[ (X 2nap= X gaparing ) (Ksrap=Xonap) H Xawp-Xaap))/3 band per class of calving age within
each parity  as  [(Xanaca-Xiscrss-aee) Y OGuea-Xonaea H Xamca-Xswea) 3], The
average increase SCC was 51700 cell/ml/parity and 39400 cell/class of calving in
overall parities. The average increase in SCC per class of calving age within the 17,
2", 3™ and 4" were 57700 cell, 28700 cell, 45700 cell and 25300 cell, respectively.
The maximum change was 89000 cell/ml obtained in the I'' parity between the 1™
and the 2" class of age, while the minimum change was 9000 cell/ml obtained in the
2" parity between the 3 and the 4% class of age. Natzke er al. (1972) found that
older cows had higher average cell counts than younger cows and that the average
increase per parity was 100,000 cell/ml of milk, while 80,000 cell as average
increasing rate was reported by Schutz ¢r al. (1990b). SCC and DY increased as the
order of lactation advanced and also as age of calving within parity increased (Table
2). This means that young cows (i.e. 1" and 2" lactations) tend to have lower SCC
than the multi lactating cows (i.e. 3" and 4" calvers). Variation in SCC due to effect
of calving age within first parity was higher than within other parities (Table 2 and
Figure 1-a). In the current study, the proportionate increase of SCC with advancing
age at calving within the 2" parity was lower than for the DY, while the
corresponding relationship was similar within the 3 and the 4" parity (Fig. 1-a).
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The rate of change in SCC in the earlier ages at calving within the 1" lactation was
higher than the corresponding rate of DY. Rates of increase in daily milk yield with
advancing age at calving within the 1" and the 2" parity were higher than the
corresponding rates within the 3% and the 4™ lactations (Figure 1-a). The hlgjhest
difference in the rate of SCC obtained for age at calving groups within the ™ pamy
(0.60: calculated from Figure 1-a) and the lowest estimate obtained within the 1™

and the 2" lactations (0.21 calculated from Figure 1-a). On the other hand, classes
of age at calving within 2" and 1" parity showed maximum differences in DY while
minimum differences were among classes of calving age in the 4™ lactation.
Differences in the estimates of change of P% and F% for age at calving classes
within the first three parities were very high compared with other traits (Figure 1-b).

Table 2. Least squares means, standard errors (SE), for daily milk yield (DY),
fat % (F%), protein % (P%), lactose % (Lac%), somatic cell count (SCC),
and 305-day milk yield (305-MY) in four classes of calving age (month)
within the first 4 parities

Calving age (mo.) DY . F % P% Lac% SCCIOYml  303-MY,,
First parity 16.2+.11  4.1+.09 2.2+.01 3.9+.11 230+24 4584+196
<20.0 151411 3.0+11 11495 27+18 123415 29454204
20.1-24.0 15.7¢20  3.6+.12 1.8+.09 3.1+21 212+14 34124124
24.1-28.0 18.3+.22  4.0+01 23+.12 4.1+.04 290421 4478+114
>28.0 202423 2.7+12 24+.12 4.5+01 296+18 54124138
Second parity 17.74.15  3.6+.05 2.9+.05 4.3+.01 304122 4987+211
<28.0 16.3+.14  3.1+01 1.8+.12 3.1+.12 263+14 44784179
28.1-32.0 17.0+.17  3.0+05 1.9+01 39+01 281+15 4789+149
32.1-36.0 223424  3.7+.11 2.8+.05 4.8+05 340+25 50344109
>36.0 229442 28+.12 3.7+05 4.9+05 331422 53474212
Third parity 19.4+.22 3.1+10 3.2+.08 5.3+01 352485 53784205
<36.0 17.8+.11  25+.11 24401 3.9+.11 304411 50794124
36.1-40.0 18,1422 2.6+09 2.8+.12 45+02 331114 52244221
40.1-44.0 20.1+.14  33+.12 39+09 57+17 375419 5749+102
>44.0 23.1+.09 3.7+.17 4.2+12 59+.01 397+15 6345+204
Fourth parity 22.7+.24  2.8+.02 4.5+11 5.5+£.05 385+13 60114175
<44.0 19.3+.07  2.2+01 3.7+01 4.2+.12 331423 5324+124
44.1-48.0 211411 2.3+05 3.8+.18 4.9+.01 386+14 5503+154
48.1-52.0 21.9+.13  2.9+09 4.7+08 5.06+04 404434 6241+130
>52.0 243418 32410 4.9+.18 5.8+.01 417+17 6548+250
Repeatability

Estimates of lactational and sample test day repeatability for the studied traits are
presented in Table 3. Estimates of lactational repeatability herein are lower than
those reported in the study of Faust and Timms (1995). This may be due to
differences existing in data sets used and to the statistical model. Lactational
repeatabilities obtained here were (,OlT]pdldblL to estimates reported by Welper and
Freeman (1992). The highest estimates of lactational repeatability were obtained for
Lac%, SCC and
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Figure I-a. Change in somatic cell count (SCC) and daily milk yield (DY) with advancing age at calving
within parity relative to the corresponding mean of each parity.
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Figure 1-b. Change in fat % (F%), protein % (P%), and lactose % (P%) with advancing age at calving

within parity relative to the corresponding mean of each parity.
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305-MY (0.55, 0.50, and 0.47, respectively). This means that the prediction of SCC
values in  subsequent lactations from earlier ones can be made with a higher
degree of accuracy. Estimate of SCC repeatability obtained by Schutz ef al. (1994)
was around 0.32. The carrent lactational estimates are in close agreement with results
reported by Syrstad and Ron (1979). The lowest lactational repeatability estimates
found in the present study was 0.38 for P% (Table 3) which is much lower than the
corresponding estimate given by Welper and Freeman (1992). Low repeatability
estimates for F% and P% as shown in (Table 3) reflect their limited use in prediction
pUrposes.

Table 3. Lactational and sample test day repeatability estimates and standard
errors for the all studied traits

Trait Lactational Sample test day

Within Parities

FE 2ud 3:‘(1 4m

DY 0.41+.21 0.68+0.24  0.68+.19 0.70+.23 0.50+.13
F % 0.39+.18 0.22+0.13  0.25+.11 0.314.11 0.35+.15
P % 0.38+.19 0.39+0.24  0.44+.18 0.54+.17 0.504.20
Lac % 0.55+.11 . 0.50+0.14  0.62+.24 0.64+.18 0.71+.17
SCC 0.50+.24 0.1840.23  0.46+.13 0.31+.21 0.45+.20
MY-305 0.47+.28

Sample test-day repeatability of Lac% and DY were rather high either as overall
estimate or when calculated within parity (Table 3). Sample test-day repeatability
estimates are subjected to differences in the permanent and temporary environmental
effects. When temporary environmental effects represent a considerable proportion
of environmental variance then it is expected that this will lead to higher sample test-
day estimates than lactational repeatability estimates. This may raise the question
about the reliability of information based on sample test-day data for different traits
in expecting performance rather than those obtained from the whole lactation.
Sample test-day repeatability estimates for DY, P% and Lactose were higher than
that calculated for SCC by 72%, 25% and 75%, respectively (Table 3). Sample test-
day F% repeatability was lower than the corresponding estimates for SCC as well as
lactational estimates with 36% reduction in sample test day comparison. Therefore,
expected results to improve the previous traits (i.e. lactose and DY) or very related
traits based on sample test-day data sel seem to be attainable. In general, estimates of
sample test day repeatability (Table 4) for all traits were higher than the
corresponding  lactational repeatabilities except for F% and SCC. Therefore,
prediction of production based on lactational repeatability estimates will be less
effective than that based on sample test-day repeatability estimates except for F%
and SCC. However, the lactational repeatability of SCC was higher than its sample
test-day repeatability. The extremely low repeatability estimates of SCC in the 1¥
Jactation may have resulted in lower estimate for sample test-day compared with
lactational repeatability. Repeatability of monthly cell count reported by Monardes
and Hayes (1985b) agreed with the current repeatability of sample test day for SCC
within the 2™ and the 3% parity. Sample test-day repeatability for DY, and P%,
shows a curve-linear fashion that increased slowly from the 17 to the 3" parity and
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reduced slightly thereafter in the 4" parity with a remarkable reduction in the case of
DY (Table 4). The corresponding repeatability estimates of F%, and Lac% increased
in a moderate progress of a linear relationship with advancing order of lactation from
the 1™ to the 4" parity. Sample test-day repeatability results for all studied traits
(Table 4) increased considerably from the 1 to the 2™ lactation. This indicates that
the prediction of the future production will be extremely reliable from the early stage
of the 2™ lactation. Sample test-day repeatability curve of SCC increased with
advancing order of lactation in two stages, where it declined at the third parity and
then went up once again at the 4™ lactation. Monardes and Hayes (1985a) found that
estimates of repeatabilities of SCC in different lactations were similar to those from
test days.

Sample test-day repeatability estimates of the different classes ol age at calving
groups within parity are presented in Figures 2-a & 2-b for all traits. In general,
sample test-day repeatability of SCC increased with advancing age at calving within
the first three parities. Estimates of sample test day repeatability of SCC ranged from
0.22 to 0.60 the widest observed range was for age at calving group within the3™
parity (Figure 2-a). On the other hand, the narrowest differences of these estimates
were found within the 4" parity. These results may sugeest that more variability
either of genetic or permanent environmental origin occurs between age at calving
classes within the 3 parity. In the 4" parity only, repeatability estimates of SCC
declined after increasing with advancing of calving age to create a repeatability
curve-linearship. Figure 2-a showed that estimates of repeatability of sample test-day
of DY consisted a moderate and strong curve-ship for calving age within 2™ and 3"
parity, respectively, while a progressed linear-ship of these estimates were observed
within 1% and 4" parity. Identical relationship was observed between sample test day
repeatability of P% (Figure 2-b) and DY (Figure 2-a) across all parities, while only
within 1% and 2" parity changes of sample test-day repeatability of SCC and F%
were approximately similar (Fig. 2-a, 2-b). Figures of sample test-day repeatability of
Lac% had a curve-relationship with advancing calving age within all parities.
Variations between estimates of sample test-day repeatability for milk composition
within the 2" and the 3" parity are extremely small (Fig. 2-b). This may indicate that
the 2™ and 3 classes of calving age groups within each parity are more efficient to
repeat them self production picture across their life time production. Mrode and
Swanson (1996) concluded that, the repeatability between consecutive laclations
increased with age, showing that permanent environmental effects and cow genetic
effects become more important with increasing parity. Estimation of the changing
rates of SCC production along with milk production traits across and within
lactations, as the best prediction indicator for the future production, are needed to
develop accurate conclusion about the current lactations and the expected production
of the totai life, also to determine what is the best time to consider SCC in selection
program and take a suitable management decision.
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Figure 2-a Sample test day repeatability estimates of somatie cell count (SCC) and daily milk

in relation to age at calving within parities.
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