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SUMMARY

A total of 1391 lactation records were obtained froin 726 Holstein cows raised at a commaercial
farm. Varance components were estimated using two procedures: REML and Gibbs sampling with a
wultiple-trait repeatability animal model. The model included year-season of calving (16 groups) and
parity (first three lactations) as fixed effects and additive genetic and permanent environmental as
random effects. Records were analyzed to compare covariance estimates for 305-day milk yield, days
open and number of sérvices per conception oblained by both procedures. -

REML esiimates of heritability for {he three trails were 0.090, 0.045 and 0.003, respectively. The
corresponding repeatability estimates were 0.386, 0.081 and 0.030. Gibbs sampling estimates of
heritability for the same traits were 0.313,0.024 and 0.022, respectively, where, the corresponding
eslimates for repeatability were 0.354, 0,036 and 0.045. )

REML genetic correlations between 305-day milk yield and cach of days open and number of
services pér conceplion were 0.605 and 0.974, respectively. The corresponding Gibbs sampling
estimates were 0,684 and 0.601. These high and positive estimates of genetic correlations indicate that
the nature of the telationship between milk yield and fertility traits may cause a problem in realizing
rapid improvement for both of them simultaneously. : ) ’

REML phenotypic correlations between 303-day milk yield and each of days open and number of
services per conception weré 0,131 and 0.091, respectively. The corresponding Gibbs sampling
estimates were 0,121 and 0.085, Estimates from both procedures appeared Lo be similar,

REML genetic and phenotypic corrclations between days open and number of services per
conception were 0,706 and 0.703, respectively. The corresponding Gibbs sampling estimates were
similar (0.655 and 0.702). . C )

The results indicated that heritability estimate for 305-day milk yield was much higher using Gibbs
sampling. Although heritbility estimates for the reproductive traits were not similar from both
procedures, they were all low indicating that the direct genetic selection to improve these traits would
be ineffective. Running time for the multitrait analysis using REML was almost six hours and that
needed using Gibbs sampling was almost two weeks.

Abbreviation key: 305-MY = 305-day milk yield, DO = Days Open, NSPC = Number of services
per conception, DF-REML = Derivative Free-REML, GS = Gibbs Sampling, BLUP = Best Linear
Unbiased Prediction, ML = Maximum Likelihood. .

Keywords: Holstein-Frlesian, genctic parameters, REML, Gibbs sampling, milk yield, fertility
INTRODUCTION '

The most usual methods in analyzing animal breeding data have been BLUP, ML and REML.
Recently, much attention has been paid to the Bayesian approach which presents some advantages over
the frequentist approach in analyzing categorical traits (Mousa, 1999). Analysis of categorical traits by
linear methodology violates several assumptions of the linear model and is not optimal {Gianola,
1982). Gibbs sampling incorporates Bayesian prior knowledge by weighting new information with ofd
ones providing confidence ranges for estimaling (co)variance components. This advantage allows
larger multitrait analysis than REML. Solutions for variance component from both procedures are
similar with flat priors (Van Tasseli et af., 1995 and Mousa, 1999). GS has been applied to Bayesian
analysis for categorical traits (Sorensen et af,, 1995 and Wang ef al,, 1997). However, REML has been
extensively applied for normal distribution traits, e .

The objective of this study was to compare the frequentist and Bayesian approaches from the
practical point of view. Heritability, repeatability and genetic and phenotypic correlations estimated by
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REML and GS for 305-MY, DO and NSPC, as coniinuos lrans, are cmnpared using multlple lactatlon B
records of Holstein cows ralsed ina commercnal farm in Egypt Runmng tlme is also consndered '

MATERIALS AND METHODS

Data ’ ’ -
Data on mllk yleld and reproducuve perfurmanoe of 726 lactatmg Holstem cows masmgle '
commercial herd (International Company For Animal Wealth), in Giza governorate (Egypt), were,
collected during the period from 1991 to 1998, Measures of reproductive performance included days .
open (DO} and number of services per conception (NSPC). Milk produttion was medsured by actnal
305-day milk yield (305-MY). Data included 1391 lactation records for 726 Holstein cows daughiers
of 220 sires and distributed over 16 year-season groups. Most of the cows were :mporled as preguant
heifers from U.S.A. Cows were artificiaily inseminated at the first observed estrus after parturition
using frozen semen imported from U.S.A. Each year was divided i into two seasons: warm (March 1o
August) and cold (September o February) ! g

Model : : :
The following - muluple-trau repcalablllty animal model ‘was used to obtam (oo)varlance
components for the (hree studied traits (305- MY, DO and NSPC) through REML and GS procedures: -

¥ = Al + PE + ¥5; + Px + eljk[

where . i

Vi = records of trait 1 (l 305 MY DO or NSPC) for the kth panty of tl1e i year-season of calvmg
of the i* " animal; )

A, = the random effect of the additive genetic effect of the animal (726 levels);

PE; = the random permanem environmental effect on the animal; -

ys, = the fixed effect of the j year-scason of calving (16 levels);

Px = the fixed effect of the k™ parity (3 levels represenung the first three panues)

and .

¢iga = the random residual effcct associated with each observauon.

The variance-covariance structure for the model was as follows: .

a, ] [40’a, caa, caa, 0 0 0 0 .0 0

a, oan Adfa, oaa, 0 0 0 0 0 0

a, caa oaa, Ad’a, 0. 0. 0. o0 0 0

G : 0 .0 0 Id'q oqe oce 0 0 0

ol = 0 0. 0 oog Ide 666, 0 ° 00

c 0 0 0 o o6 ooe, Ide, 0 .0 -0

e 0 0 0 0 0 0 Indle, oee, oee
e, 0 .0 0 0 0 0 oee Inde, ocee
& | | 0 0 0 0 0 0  oee oee Inoe)
where,

Alsthé numerator rclalmns]up malm:

.
o'a, o’a,, d'a,

= the direct genetic varianoé for trait 1,2 and 3,

o’ec, o'cz, a’e,

. = the variance due to pennanenl envmnmentat effecls .
Each of Iny, In; and In; is an identity matrix of order equai 10 the records of trait 1 2 and 3,
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g aa;
= all the dlrect genet:c covariance items belween any pair of the three lralls,

aeej

= all the permanent envxronmemal covariance items between any pair of :lle lhree Lraits and
= all the errot covariance items between any pa:r of the three traits..

Methods

Heritabilities, repeatabilities and genetic and pllenutyplc correlations were oblamed emp]oymg the
above mentioned mulliple-trait repeatability animal wmodel through two procedures: the Derivative-
Free Restricted Maximum Likelihood (DF-REML) procedure of Thompson and Hill (1990} and the
Gibbs sampling procedure presented by Van Tassell and Van Vieck (1996). The multiple-trait GS for
animal model program has been developed to implement the GS algorithm for Bayesian analysis of a
broad range of animal models. All known relationships among individuals were considered in the
animal model. Inifially, estimates for heritability and the proportion of permanent environmental
variance were made through a single-trait analysis for each of the three variables studied following the
REML procedure These. single-trait estimates were used as starting values for the multitrait analysis
of both procedures. These initial estimates, at least, will help in facilitating convergence of the REML
multitrait analysis.

Maximum of 25 convergence iterations with a minimim varianice of function valued in simplex <
10 were atlowed for REML. This would insute a global maximum likelihood estimate with a
reasonable degree of precession. Where  a Gibbs chain of length 100,000 was run for éacl trail with
burn in 5000 rounds and were considered to be an effective number of rounds (Mousa and Van Vleck,
1998), :

RESULTS AND DISCUSSION |

Prelimipary least squares analysis using the PROC GLM option of SAS (1990) showed ]u gh
significance for the effect of year-season of calving on all (raits (303-MY, DO and NSPC). However.
parily had a non-significant effect on NSPC and a significant effect on the rest-of variables. The mean
of 305-MY (7504 £ 38.6) fails within the range reported in the international literature; while, means
for DO (229 + 3.4 day) and NSPC (2.8 £ 0.05 services) were clearly higher than the values frequently
reported in the literature for the.same breed. Detailed results are shown by Abou-Bakr et al. (2000).

REML -and GS estimates of heritability and repeatability for 303-MY, DO and NSPC of Holstein
cows are shown in table 1. - )

Tab!c 1. REML and GS heritability (b?) and repeatah:hty (t) estimates for 305-cldy milk yield
(305-MY), days open {DO) and number of services per conception (NSPC) of Holstein

CoWs .
. ' REMI, . GS
Trait n’ t K ‘ t
305-MY 0.090 0,386 0.313 0,354
DO 0.045 0.081 0.024 0.056
NSPC 0.003 0.030 0.022 0.045

As shown in the table, GS heritability estimate for 305-MY was three times as much as the
corresponding REML estimate. Although GS leritability estimates for DO and NSPC were not similar
{o (heir corresponding REML estimates, all these heritability estimates were low. Therefore, the direct
genetic selection for these traits would be ineffective, regardless of the estimation procedure

The difference in leritability between the two procedures for the studied traits is not very
surprising. The freQuenllst school simply presents an eslimate value to the heritability, with its

confidence interval {depending on the employed software), where the Bayesian one presents the mean
of the probability density distribution of the heritability, given a determinant sample. Moreover, the set
of data used is relatively small which may cause non similar results. GS heritability estimate for 305-
MY seems miore reasonable than that oblained with REML..

Heritability estimate for 305-MY from GS of 0.313 is within the range frequently reported in the
literature for this (rait. However, REML estimate of 0.0 is fower than the range (from 0.135 to 0.310)
found -in the literature (Weller, 1989; Short and Lawlor, 1992; Marti and Fank, 1994 and Dematawewa
and Berger, 1998). Differences in heriiability cstimates among the various studies for the same trait of
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the same breed may be due to differences in the number of records used, the correction for non-genetic
factors, the nodel used and the methodology employed. Badran and Shebl (1991) obtained very close
estimate (0.10) to our result for heritability of milk yield uslng sm'ular model for a smular data set size
and employing the same methodology (REML).

Estimate of hentabxhty for DO from REML (0.045) and GS (0.024) were low and oomparable 10
others reported in the literature (Berger et al., 1981; Hayes ef al,, 1992, Marti and Funk, 1994;
Rekaya, ‘et al., 1996 and Dematawewa and _-Berger, 1998).'-Allhough-the adjustiment (o some
environmental factors is expected to reduce some of the variation in production associated with DO, its
- heritability is still low suggesting that the traxt is largely aﬂ'ectedbythe environmental condmcms
(Marti and Funk, 1994).

REML estimates from previous slud:es l‘or hentablllty of NSPC wereooos (Moore et al., 1990)
and 0.06 (Berger et al., 1981), i.c. very close to zero. Therefore, the dlrect geneuc selection fo improve
this Lrait would be medmngless .

As shown in Table 1, repeatablllty estimates from both pmcedures were gcnerally comparable The
obfained repeatabilify estimates are also comparable to those found in the literature for 305-MY
-(Dematawewa and Berger, 1998; Marti and Funk, 1994 and Welper and Freeman, 1992) and for DO
and NSPC (Hayes et al., 1992, Marti and Funk, 1994 and Dematawewa and Berger, 1998),
Repeatability estimates for DO and NSPC were low indicating that cow’s Teproductive performance is
of little use in predicting her performance in later lactations. Low éstimates of repeatability obtained
are in concordance with their low - heritabilities. Factors other than genetic and permanent
environmental effects (i.e., detection of estrus and managerial and nutritional factors) were inain
determinants of reproductive efficiency (Hayes ef al., 1992).

The direct genetic improvement for DO and NSPC traits is expected lo be ineffective. Also,
reproductive raits are very lowly repeatable. Therefore, poor fertility in cows appears lo be largely a
managerial problem. Improving management conditions that influence fetility is necessary.

Estimates of genetic and phenotypic oorrelatlons among the three studled tra:ts fmm both REl\rm
and GS are shown in table 2, . . .

Table 2. Genetic (r,) and phenotypic (r,) correlatlons I'or 305-day milk yield (305-MY), days
open (DO) and ‘number services per concepuon (NSPC) of Holstein coivs estimated by

REML and GS
Correlated ) REML - - GS
Traits ] I . Ip 1, T
305-MY & DO 0.605 0.131 ‘ 0.684 0,121
305-MY & NSPC © 0974 0,091 © 0601 © 0.085
DO & NSPC 0.706 0.703 0635 | . 0702

The high and positive estimates of genetic correlations between 305-day milk yield and each of
days open aind number of sefvices per conception indicate that the nature of the relationship between
milk yield and fertility traits may cause a problem in realizing rapid improvement for both of them
. simultaneously.. The results are in good agreement with those obtained by Demiatawewa and Berger
(1998). Genetic correlations of 305-MY with each of DO and NSPC are strong but undesirable. The
results suggested that incorporating reproductive measures in bull indices could hinder ll:e
deterioration of reproductive performance in high yielding cows.

REML phenotypic correlations between 305-MY and each of DO and NSPC were very closc o
Gibbs sampling estimates, REML genetic and phenotypic correlations between DO and NSPC were
also similar to Gibbs sampling esiimates. More details of REML estimates are shown by Abou-Bakr ef
al, (2000),

Running time for the mulutralt analysis usmg REML was almost six hours and that neceded using
GS was - alnost two weeks. The estimates obtained from both procedures, ¢xcept for the heritability of
305-MY, in conjunction with the great difference between them in the running time suggested that, for
the relatively - small data sets of continuos fraits, the use of REMI appeared to be less time consuming.
Mousa (1999} reportcd that variance components and Leritability estimated using GS were similar to
the estimates using REML for continuos traits in sheep. However, the heritability of 305-MY using GS
was greater and seems more reasonzble than that obtained with REML probably due to the influence of
the prior distribution of the variance coinponents on the posterior distribution (Van Tassell, 1994).
More thorough studies with Tlarger data sets for different iypes -of variables through different
_ assumptions are still needed to compare results fmm both procedures and recommend the best in eacll
case, : . :
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CONCLUSION

The results indicated that estimates from REML and GS procedures lead to similar breeding
decisions except the heritability estimate for 305-MY which was considerably grealer, and more within
the range of estimates reported in the literature, ising GS than REML. This is probably due to the
inftuence of the prior distribution of the variance components on the posterior distribution.
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PHYLOGENETIC RELATIONSHIPS AND THEIR CHARACTERIZATION IN
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SUMMARY

Ninety bull catves of five Bonsmara strains, viz. Edelheer (E), T-49 (T), Wesselsvlei (W),
Roodebos (R) and Belmont Red (BR) were fattened under intensive feeding conditions and serially
‘slaughtered at four different slaughter weights.. The phylogenetic relationships between the five sirains
were determined by means of blood typing. Growth performance, carcass characteristics and meat
quality characteristics were compared between tho subpopulations. The genetic distances between the
animals confirmed the existence of five genetic subpopulations. Means for production and product
characteristics were adjusted for mean averall subcutancous fatness level (%) by means of analysis of
covariance. T gained weight faster and more efficiently ona live and carcass weight basis than the
other Bonsmara groups. Regarding carcass composition, T had proportionalty more meat in the high-
priced cuts of the carcass than W. Muscle of the W line had a significantly higher ageing potential
{measured as myofibrillar fragmentation, MFI) than T, resulting in higher tenderness scores for W,

Keywords: Phylogenetic, subpopnlation, meat, Bonsmara cattle
. INTRODUCTION

* "The. Bonsmara is an indigenous composite cattle breed which originated in the early 1940 s from a
s/8: 3/8 combination of the Afrikaner (indigenous Sanga or Bos {fatirus africanusy and
Shorthorm/Hereford (Bos taurus faurus) through an initiative of the Department of Agriculture of
South Africa (Bonsma, 1980). By 1970, it was detected that the genetic structure of the breed bad
narrgwed considerably due to over-exploitation of the Edelheer strain, which was the dominant
breeding line in most Governinent stud herds. Consequeritly, it was decided to develop other
subpopulations within the Government herds and certain private herds to re-establish genetic variation
within the breed (Bosmam, 1988). The Edelheer (E) breeding line (progenitor, the bull Edelheer) is
stifl tegarded as the main sirain of the breed, since it dominated the artificial insemination indostry of
the Bonsmara prior to the introduction of the other subpopulations, The Wesselsvlei (W) strain,
originated from the bull Spanner, a 5/8 Afrikaner x 3/8 Red Poll bull, instead of the normal
Afrikaner/Hereford/Shorthorn combination, while the Roodebos (R) strain was developed from an
unrelated group of animals in a specific Government herd. T-49 (T) is not a formal strain, but was
regarded in this study as an independent strain due to the large number of animals within the E strain
that were related to a certain bulk, T-49. This bull achieved exceptional growth performance indices in
the National Performance Testing Scheme (Bosman, D.J., 1996 - personal communication). The
Belmont Red (BR) is an independent breed, developed in Australia from i/2 Afrikaner, 1/4 Shotthorn
and 1/4 Hereford. It was imported into South Africa and was further developed as an unrelated
subpopulation within the Bonsmara breed. } S S .

In this study the phylogenetic relationships among the five Bonsimara strains were determined.
Also, the strains were compared in terms of production and product characteristics. Such a data basis
can serve as a markeling tool for producers. The Bonstnara, a popular local and now exporled breed, is
well known for its adaptability to harsh, extensive conditions combined with the anticipated favourable
meat tenderness. : '

MATERIAL AND METHODS '

Ninety Bonsmara weaner bulls =7 month's). were selecied from various herds over the couniry
representing five different strains, viz. E (n=18), T (n=18), R (n=18), W (1=18), BR (n=18)}(n
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replicates’ per treatinent). Arnimals vere stratified into four groups according to live weight and.
slaughtered at the commencement of. the trial (50), slaughter weights of 75% (81), 90% (S2) and
105%(53). The animals were kept in single pens and fed a commercial pelleted diet (10,70 MJ ME/kg
energy, 13.20% protein, 0.80% calcium, 0.47% phosphorus and 12.80% fibre) including Erdgrostis tef
hay at 1 kg per day. Feed conversion ratio (FCR) and average daily gain (ADG) for carcass and meat
at all slanghter points were determined by using the carcass weights and carcass composmun of 50 as
the starting point. 2 e .

Phylogenetic relationships

Blood samples were oollccted from each animal at the commencement of the trial. Phylogenetic
relationships between the subpopulations were studied using the gene frequency values obtained from
the electrophoretic analysis of eight structural gene loci that code for blood-soluble proteins, together
with 23 blood group loci. In addition, the genetic differentiation within the subpopulations was
studied.  Values of the genetic distances between subpopulations, the phenograms and cladograins, as
well as the goodness-of-fit statistics of those dendrograms wete computed using the BIOSYS-1
program (Swoflord and Sclander, 1981). .

C-'IIC(ISH measurement

Carcass and butlock kenglh were detcrmined 1o calculate the carciss compaciness. Tl ru,hl sides
were quartered between (he 9th and 101h thoracic vertebrac where (he eye muscle arca was measured
as the length x widih of (he M, longissimus thoracis (L'TY. ‘The two quariers ol the riglt sides were
processed into |5 wholesale cuts according to the London and Home Countics cutling techiiiques
(Gerrrd and Mallion, 1977) and Bisschop (1946, as described by Naudd, 19743, which were disseeted
into meat (tmnscle + intermuscular fat), subcutancous fat (SCF) and bone. The composition of cach cul
and ihe whole carcass side. as well as e distribution of bone, meat and subcutancous faf in the
carcass side were determitied from the weights of the various tissues. The meat and subcutancous fat
of the prime tib cut (8th 1010th rib; Figure 1) werc ground, mixcd and proximate analyses were
defermined for percentage protein, moisture, ash and it (A O.A.C,, 1985), The percentage yicld of
muscle and total fat was calculated from the chiemical (fat, ash, profcin, moisture) and physical
compoesition of this cut (Naudé, 1972). The LT of the wing rib cid (11th to 13th 1ily) of the right side
wus relained ‘afler scparating bone, fat and lean to determine the dc;,rcc of intra-muscular [at
(marbling)(A.0.A.C., 1985).

Mauscle hiochemistry and histelogy and meat quality measurements

The LT of the prime rib and thé wholc wing rib cul were analysed respectively for collagen conttent
and_solubility (Bergman and Loxley, 1963; Hill, 1966 and Weber, 1973), and sensory and physical
parameters.  Three samples (approx. 50g each) of the M. longissimus lumborum (LL; 1 lumbat
verlebrac) of the right side were retained, vacuun-packed and aged between 3°C+3°C for 1, 7 and 14
days, respectively, for the determination of the myofibriliar fragmentation index (MFI) accordmg 1o
the method of Culler ef af. (1978), as adapted by Heinzé and Bruggemann (1994, :

For the histochemical demonstration of succing dehydrogenase the nitro-blue tetrazolium lechmque
of Malaty and Bourne (1933) was used,  Fibres were classilicd by means of a video i image analysis
(V1A: Kontron Germany) inlo red, intermediate and white according to the imensily of the staining
reaction. Fibre cross-sectional areas were also determined by V}A The sarcomere length was also
determined by means of VIA (Kontron Germany).

Wing rib cuts were used for sensory analysis and sampled dlreclly afler cooking, while the other
hall was designated for shear force measurement. = Aroma intensity, juiciness, overall tenderness,
residual amount of connective tissue and overall flavour intensity were evaluated on an 8-point scale.
The samples were also analysed for shear force using a Warner Bratzler shear device mounted on an
Universal Instron apparatus (Instron Corporatmn 1990). The reported valug in Newlon rcpresemed
the average peak force measurement,

Statistical analysis

Sources of variation were investigated by analysis of variance (ANOVAY} or analysis of covariance
(ANCOVA). ANCOVAs were performed using the general linear model facility of the Genstat 5
statistical programme (Genstat 5 Committee, 1993). Means separation was achieved by application of
‘the Bonferroni Multiple Comparison Method at the 5% test level. Pairwise correlations were
determined within breed 1o describe the linear relationships between any two characteristics,
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RESULTS A_ND DISCUSSION
Phylogenetic relationships

The phylogenetic: study revealed hetcrozygosﬂy levels varymg between 31% and 43% for the
Bonsmara, The lowest level was observed in T, which is in accordance with the development of this
strain, being the most inbred. ‘The highest heterozygosity levels were observed in E and R, which
represent the largest section of the Bonsinara population.. The formation of two clusters was observed,
one by W and another formed by the rest of the population, except. the BR which separated from the
hypothetical trunk very early. Within the second cluster, E and ‘T showed a higher relationship,
differentiating from R: I and R were more related than E and W. The cladogram was topologically
similar 1o the phenogram {dendrograim),; which corroborates the stablhly of the classification. The rate
of inbrecding relative to the other strains: in the breed, Fi, confirmed that T had the highest level
(25.0%), followed by BR, W, E and R with F;, values of 22.7%, 21.0%, 16.2% and 15.4% respectively.
The relatively high F, values for BR and W were also expected since these strains are fairly low in -
animal numbers and therefore more .prone to inbreeding. The genetic distances among the
subpopulalions confirm the existence of five genetic subpapulations. .

Growth and carcass characteristics

The W strain of the Bonsmara gained live welght stgmﬁcantly less effi caently and at a sIuwer rate
(non-significant) than the other strains but i particular T and R. Shmilar trends were found for carcass
and meat gain, showing differences between T, R and W of more than 30% for carcass and meat
growth rate and 20% for efficiency of carcass and meat gain. T and R also showed a tendency for
ligher lotal carcass fat yield and subsequent lower muscle yield compared to W (adjusted for carcass
SCF), while T and B tended to yield more total carcass weight (2.3%) and meat (1.9%) in the high-
priced cuts, compared to W and BR. BR, the most vnrelated strain, lad a significantly lower
hindquarter compactness (conformation) than E and also tended to bave the smallest eye muscle area
of all the strains, In support of the differences in.growth and carcass characteristics, Korver et al.
(1987) reported carcass composition differences between ariimals, even after adjusting for maturity,
while Kempster ef ol (1982) found differences in muscle to bone ratios for Charolais and Devon
breeds of similar maturity types.

. Meat quality characteristics -

Sensory panel scores and shear force values, showed 2 17% advantage in meal tenderness and MFI
for W compared to T for muscle aged for 7 days. MFI was used to measure the degree of fragmentation
of the. myofibrils caused by proteolyses (Olson and Parish, 1997). Although Olsson and Tornberg
1992) regarded fragmentation of myofibrils not as a crucial faclor determining nwmscle tenderness,
Culler et al. (1978) reported that MFI accounted for. 50% of the variation in loin steak tenderness and
regarded. myofibril fragmentation as a more imporiant effector of tenderness than sarcoinere length or
collagen solubility (similar age). In addition, Crouseef af. (1991).and Seideman er af. (1987) reported
correlation coefficients of 0.33 and 0.60 between MFI and sensoiy tenderness for muscle aged over a
period of one to seven days compared o 0.40 (P<0,001) iri'the current study.

Muscle fibre type differences in size and:xatit" occurred among the Bonsmara groups. Intermediate
muscle fibre arez of E and white muscle fibre aiea of E and R were respectively 25% and 34% larger
than that of BR, while the percentage: white fibre of Efended 1o be higher than that of W. These
differences did not seem to have afy- direct efféct on the differences in muscle tenderness despite a
correlation of -0.45 (P<0.001) between white muscle fibre percentage and seasory tenderness. Calking
et al. (1981), whe found a negative relationship between white fibre area and tenderness, but a positive
relationship between red fibre area and tenderness, illustrated the effect of variation in muscle fibre
characteristics’ Calkins e al. (1981} and Dreyer et al. (1977) also reported that an increased
percentage of white fibres could be associated with a decrease in sensory tenderness.. The lack of fibre
type related differences in muscle tenderness in the currem trial could probably be attributed to the fact
that a whole patiern of events takes place when muscle changes to.meat. These events are influenced
By a variety of physiological and physical interventions that have a major bearing on the ultimate meat
quality (Devine and Chrystall, 1992). In this study it appeared as if the fragmentation of muscle
independently had ihe largest effect in this process and probably masked the effect of other factors on
meat tenderness. The significant negative correlations between MFI and white. [ibre percentage
confirm the negative effect of white fibres on tenderness. With regard to MF1, Seideman er af. (1987),
reported that myofibrillar fragmentation on its own explained more of the variation in tenderness than
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any fibre type characteristic (size or ratio), while Crouse et afl. (1991) showed that the effect of fibre
type ratio and size on the variation in tenderness was limited to three days of ageing, whereupon the
effect diminished and fragmentation of fibres look place independem of fibre type variation. Meat in
the present study was aged for seven days.

Regarding the stromal protein properties (connective tlssue), one aspect could not be sallsfaclonly
clarified.  E had a significantly higher collagen solubility than the other strains, while R was superior
to T, W and BR. A significant interaction between strain and slaughter group was found, which
indicated that the collagen solubility of E was very high at 81, but then declined sharply to levels
closer to the other strains at 83, Incontrast, W, BR and T did not show any variation in cellagen
solubility between slaughter groups, while R was intermediate to E and the other groups. T and W,
being the most unlike strains with regard to sensory tenderness, were the most similar in collagen
solubility. According to Crosley ef al. (1994), such collagen solubility differences are expected among
animals with large physiological age differences. However, the animals in this trial were all between
nine and 12 months of age. Furthermore, Naudé and Boceard (1973) reported much less variation in
collagen solubility among a number of breed crosses slaughtered within the same age class as the
animals in the curmrent trial, Their dala showed values for collagen solubility ranging between 32%
and 34%, which are much higher than the average value in the current trial, =

No- significant correlation between shear foice measurement or sensory tenderness and collagen
sofubility was found in the current study, which is in contrast to the findings of Crouse et al. (1985).
Once again, it can be assumed that other muscle properties had a greater infiuence on sensory
tenderness than collagen alone. In support of this statement, Seideman et o/, (1987) reported that MFIL,
as well as the percentage red muscle fibre, contributed significantly towards differences in sensory
tenderness and shear force, while collagen content and solubility and sarcomere length had relatively
insignificant effects on'tenderness. ' !

Relationships beiween growth performance and muscle characteristics

In the light of the differences found between T and W, and N and NB for growih performance and
certain muscle/meat quality traits, relationships between production and product characteristics were
investigated by means of simple correlation. Inaddition to the significant correlations between MF{
and muscle tenderness, MFI for meat aged for 7 days, also had a negative relationship with average
daily gain (Bo: r=-0.44) and a positive relationship with feed conversion ratio (Bo: r=0.46) measured
on a carcass basis. The relationship between growth performance and sensory tenderness followed the
same pattern, although the correlations were much lower for the Bonsmara, viz. =-0.23 for ADG
(carcass, P>0.05) and r=0.25 for FCR (carcdss; P<0.05). Calkins ef al. (1987) speculated that, if an
increase in the concentration of catheptic enzymes occurs during rapid rates of growih due to increased
protein turnover, enhanced muscle tenderness should result due to an increased stromal {connective
tissue such as collagen) and contractile protein degradation. However, their study did not show any
increase in enzyme or palatability traits as a result of higher growih rates, although it may be argued
that higher growth rates were anificially induced by the feeding regime and were not due to the
intrinsic genetic ability of the animals. On the other hand, an aninial genetically superior in growth
performance is expected to have a higher rate of prolem synthesis, or a lower tate of protein
breakdown, or both. These processes are controlled by various musclé enzyme systems, such as the
calpain system (calpain enzymes and their inhibitor, calpastatin), which also plays a major role in
meat tenderisation post mortem (Koohmaraie, 1992). Althongh overemphasised, the action of growth
promoting agents, such as b-agonists, is an example of the effect of this enzyme system. They are
known for their enhancing effect on growth performance and detrimental effect on muscle tenderness,
mainly through the retardation of myofibrillar protein breakdown by the proleolytic enzyme systen,
regulated by calpastatin (Koohmaraie, 1992). It is, therefore, possible that such a system of net-proiein
gain in genetically fast-growing more efficient animals is coupled to a retardation in the protein
breakdown process posé morfem in these animals, resulting in less tender meat. However, although
relatively high correlations were found between MFI and growth performance on the one hand and
growth, muscle tenderness and MFI on the other, the direct relationship between tenderness and
growth performance was relatively low. This could probably be attributed to the fact that sensory
tenderness is a culmination of a number of aspects, besides MFI, that might have influenced the
judgement of the sensory .panellist, such as marbling, sarcomere length, connectlve tissue properiies,
muscle fibre traits, elc.
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ADG was negatively correlated with red fibre percentage (r= - (.32; P_<0.()1)"a‘nd positively
correlated with white fibre percentageé (r=0.39; P<0.05). These relationships, 10 a certain extent,
support the hypothesis that less tender meat may be associated with fast growers, ' B

CONCLUSIONS

Despite very definite phylogenetic differentiation between the strains of the Bonsmara, the only
consistent differences relating to production {growth performance), as well as product quality -
characteristics (carcass and meat quality) were found between T and W. The superior growth
performance, higher IMF to SCF ratio and higher disiribution of meat to the early developing high-
priced cuts, could suggest that T should be later in- carcass malturity than W. The differences that
accurred between the strains, especially. T and W, although slight, are simiply the result of (he
intentions of the breeder society (o broaden genetic diversity, and may be coupled to the specific
origins of (he different strains (Bosman, 1988). T, although not a formal strain, has T-49 as the
dominant sire, which was favoured by many breeders as a result of ils growth performance and was,
therefore, expected to perform in that regard, On the other hand, the progenitor of W, the bull
Spanner, introduced the characteristics of Red Poll, instead of Hereford/Shorthorn into the breed,
probably with the resulting - growth performance and meat quality as discussed, Therefore, the
variation within. the breed. is probably higher than in other straight-bred groups of animals, with
. emphasis on the fact that this variation is (0 a ceftain extent captured within strains, This enables the
breeder to utilise the variation efficiently through well-maintained breeding records which is standard
procedure in the breed, . '

The contrast found between growth performance and meat quality for T.and W may suggest that
selection for fast growing, more cfficient animals in a breed, which, in effect, isa selection for
increased net-profein gain, may be confounded with a retardation in the protein breakdown process in
the muscle post mortem, resulting in conflicting production and product quality. Further investigation,
prabably by means of the determination of proteolytic system activiltes in the muscle, is needed to
verily these findings, since there is no direct relationship between tenderness and growth performance.

REFERENCES

AQ.A.C., 1985 Official Methods of Analysis. Ed. 14. Association of Official Analytical Chemists,
Washington, DC. . ‘ _ )

Berginan, 1. and Loxley, R., 1963. Two improved and simplified metheds for the spectrophotometric
determination of hydroxyproline. Analytical Chemistry 35. ) .

Bonsma, J., 1980. Livestock production. A global approach, Tafelberg Publishers Ltd., Cape Town. -

Bosman, D. J., 1988, Die verskillende lyne van die Bonsmara-beesras. Bonsinara J. August, 7.

Calkins, C. R., Seideman, S. C. and Crouse, J. D,, 1987. Relationships between rate of growih,
catheptic enzymes and meat palatability in young bulls. J. Anim. Sci. 64, 1448,

Crosley, R. L, heinzé, P. H. and Naudé, R. T., 1994, The relationship between beef tenderness and age
classification in the South African Beef carcass classification system. Proceedings of the 40th
International Conference of Meat Science and Technology The Hague, Netherlands S-I11.15, 34.

Crouse, I. D., Cross, H. R. and Seideman, 8. C., 1985. Effects of sex condition, genotype, diet and
carcass electiical stimulation on the collagen conient and palatability of two bovine muscles. J.
Anim. 8ci., 60, 1228, . '

Crouse, J. D., Koohmaraie, M. and Seideman, 5. D., 1991, The relationship of muscle fibre size to
tenderness of beef. Meat Sci. 30, 295.

Culler, R. D., Parrish, F. C., JR,, Smith, G. C. and Cross, H. R., 1978. Relationship of myofibril
fragmentation index to ceriain chemical, physical and sensory characteristics of bovine
fongissimus muscle. J, Food Sci. 43, 1177. :

Devine, C. E. and Chrystall, B. B., 1992, o Encyclopaedia of Meat Science and Technology, ed.
Y. H. Hui, p.1708.

Dreyer, J. H, NaudE, R. T., Hemning,.J. W. N. and Rossouw, E., 1977. The influence of breed,
castration and age on muscle fibre type and diameter in Friesland and Afrikaner catlle. 5. Afr. J.
Anim, Sci, 7, 171, ’ 5

Genstat 5, 1993.. Committce of the Statistics Department. - Rothamsted Experimental Station.
Claredon Press, Oxford. .



34

Gerrard, F. and Mallion, F.J., 1977. The complete book of meat. Virtue, London, UK,

Heinzé, P. H. and Bruggemann, D., 1994, Ageing of beef: Influence of two ageing methods on sensory
properiies and myofibrillar proteins. Sciences Des Aliments 14, 387, : ]

Hill, F., 1966. The solubility of intramuscular collagen on meat animals of various age. J. Food Sci.
31, 161, i .

- Instron, 1990, Series IX Automated Materials Testing System: Operating Instruction Manual. Instron
Corporation Issue B November. - Co e SRR
Kempster, A. J., Cook, J. L. and Southgate, J. R., 1982. A comparison of different breeds and crosses

* from the suckler herd 2. Carcass characteristics. Anim, Prod. 35,99, ) .

. Kempster, A, I, Cook, J. L. and Southgate, J. R., 1988. Evaluation of British Friesians, Canadian
Holstein and Beef breed X British Friesian steers slaughtered over a commercial range of fatness
from 16-month and 24-month production systems. Anim., Prod, 46, 365. a g

Koohmaraie, M., 1992, The role of Ca 2+ dependent proteases (calpains} in post mortem proteolyses
and meat tenderness. Biochimie. 74, 239, . L .

Korver, 5., Tess, M. W., Johnson, T. and Andersen, B, B., 1987. Size-scaled lean and fat growth
paiterns of serially slaughtered beef animals. J. Anim. Sci. 64,1292, ’ :

Malaty, M. A. and Bourne, G. H., 1953, Histochemistry of succinic dehydronase, Nature 171, _

Naudé, R. T., 1972. Die bepaling van spicr, vet en been in karkasse van Jjong osse. The determination

" of muscle, fat and bone in the carcasses of young steers. 8. Afr. J. Anim. Sei. 2, 35. '

Naudé, R. T. and Boccard, R., 1973. Carcass and meat quality of Afrikanér and Jersey crossbred
steers. 8. Afr, J. Anim. Sci, 3, 95. o - _

Naudé, R.T., 1974. Intensiewe vleisbeesproduksie uit melkrasbeeste. D.Sc.-thesis, University of
Pretoria, Pretoria, South Africa. . _ ' '

Olson, D. G. and Parish, F. C., 1997, Relationship of myolibril fragmentation index to measures of
beefsteak tenderness. J. Food Sci. 42, 506, : :

Olsson, U. and Tornberg, E., 1992, The interrelationship between myofibril fragmentation and
tenderness for beef meat. Proceedings of the 38th International Congress of Meat Science and
Technology, 399, : ) L g

Seideman, S. C. and Crouse, J. D., 1986, The effect of sex condition, genotype and diet on bovine
muscle fibre characteristics. Meat Sci. 17, 55. .

Seidcinan, S. C., Koohmaraie, M. and Crouse, J. D., 1987. Factors associated with tenderness in
young beef. Meat Sci. 20, 281. ' '

Swofford, D. L. and Selander, R. B., 1981, Biosys-1: a Fortran program for the comprehensive
analysis of electrophoretic data in population genetics and systematics. J. Heredity 72, 281. '

Weber, R., 1973. The determination of hydroxyproline and chloride in meat and meat products:
Simultaneous operation with nitrogen and phosphorus determinations, Technicon International
Division 8 A , Technical Report 7, I ) ’



Proc. 3 All Africa Conf: Anim. Agric. & I1"* Couf, Egyptian Sec. Anim. Prod., Alexandria, Egypt, 6-9 November 2000:35-40
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USING MULTI-TRAIT ANIMAL MODEL
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SUMMARY

Genetic and phenotypic correlations were ¢stimated for means of log, SCC (somatic cell scores:
5C8) with milk production traits of sample test-day. Data of SCS and milk production traits for six
genetic groups, Holstein-Friesian (HF), Hungarian Native Breed (NHB) and four of their crossbreds
were used. Mulli trait animal modet was used for the estimation of genetic and phenotypic
(coyvariances. All estimates of correlations, genetic (R,) and phenotypic (R,), between SCS and milk-
production traits were nepative except with protein percentage. Sample test-day estimates (STD) of Ry
between SCS and each of daily milk yield (DY), fat (F%), protein (P%) and lactose (Lc%) percentages
were -13+.07, -13+.08, ,11+.04, - 11+.08, respectively. STD R, estimates were higher than R;'s for
SCS wiith DY and P%. ST R, with F% decreased with parity, The haghest estimate of STD R, berwecn
SCS and DY was -0.25 for HF in the 4" iactation, STD R, of SCS with milk composition ranged from
.08 to .20 and -.10 to -25 forHF vs. Oito.13 and- 07 {0 -.32 for NHB., It could be concluded that,
relationship of SCS with milk production differs among purcbreds and their crossbreds according Lo
percentage of crossing,

Keywords: Somatic cell, correl’t:tions, milk, Hungarian-Holstein Friesian
INTRODUCTION

Despite a reduction in the incidence of clinical and subclinical mastitis over (he past 25 years in
some developed countries (Booth, 1995), mastitis remains one of the most costly health problems of
dairy cattle 'and a major source of economic loss to dairy farms. Young et ail. (1960) reported that an
average value of 0.89 for the genetic correlation between SCC and clinical mastitis while a value of
0.83 was obtained by Afifi (1968). Therefore, developing efficient dairy caitle industry depends to a
great exient on the evaluation of association between mastitis expressed as its correlated trait (SCC) and
milk production traits. Phenotypic correlations between SCC and milk yield tended to be more negative
in older lactations than in early lactations ranging from -,12 to -.24 ( Banos and Shook, 1990). o

The aim of the present study is {o investigate the genetic association of test-day ‘measures between
SCS and milk production tralts in six genetic groups of Holstein- Friesian (HF) and Native Hungarlan
Breed (NHB)

MATERIALS AND METHODS

A total of 458348 lactation records from 172065 cows. dauglters of 873 sires in Lhe first four
parities ‘were used. Sample test-day somatic cell count (SCC)and milk production traits for 14329
Holstein Friesian (HF) cows, 13021 Native Hungarian Breeds (NHB) and 144715 of their crossbred
cows calving between 1993 to 1997 were provided by the local associations in Hungary, Crossbred
groups involved in the present study were classified according 10 percentage of HF inheritance into:
<25% HF genes, >25-<50% HF genes, >30-<75% HF genes and >75% HF genes, The data sel
involved measurements of at least 5 months and maximum observations were not more than 14 months
for ail studied traits. Traits involved in the data sei were the actual test-day somatic ceil score (SCS),
daily milk yield (DY), fat (F%), protein (P%), and lactose (Lc%) percentages. Measurements of
somalic cell count were adjusted for calendar month of test, stage of lactanon and test day milk (Zhang -
ef al., 1994; Charfeddine et af., 1997). Cows were not l‘ﬂult‘ed to have a 2™ lactation to be included in
the l" lactauon analysis. All cows included m the 2™ parity analysis might have not a usable first
lactation data but calved successively in the 2™ parity at not more than 50 months of age. Genetic and
phenotypic correlations among the various SC$ means and milk production traits were estimated using
an animal model of MTDFREML package (Boldman, 1997) that includes both animals with records and
genetically related animals with no records, p=YB+Zu+e. Where y is an n*J vector (sugmented to
t*1 with the additional of a -» mull vector when evaluating animals without recordsy of observations on
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the trait of interest; X is an» * p incidence matrix; Z is a £ *# matrix equal to an # * m identity miatrix
relating observations to the animals that made them and augmented by null rows and vectors for
animals that are to be evaluated but have no records; B is a p * I vector of known fixed effects (farm,
parity, age of calving within parity);  is a ¢ * Jvector of random breeding values, which can be
partitioned into u;, and # * 1 vector representing animals having records and #;, a (#-n) * I vector for .
related animals with no records; and e is an i.* I vector of random errors. :

Thus,
y] [*B y1 [P o
Elu|=[0 [»38p ) 1 | 4o ..
e]| |0 e 1,0 s O e Lo %

where P=A" ¢ g+1,c%e, A = addilive genetic refationship matrix, o= additive genetic variance and o’e

= residual variance, SCC has been transformed to SCS with the bas¢ 2 log scale as SCS=log;

[3+{SCCY/100)] accepted by the National Co-operative Dairy Herd Improvement Program of the USA as
" a standard recording form for SCC (Rogers ef al,, 1991). S .

RESULTS AND DIS_CUSS[ON'

Table (1) shows estimates of R, and R, between all studied traits, R, of SCS with milk traits were
mostly negative. These results indicate that the increased somatic cells in milk yield are genetically
assaciated with a slight decrease in milk yield, F% or Lc%. The highest relationships of SCS, either R,
or R, were obtained with DY. Results in Table (1) also show great differences between estimates of R,
and R, of DY with F% and P%, while approximately similar values of X, and R, were obtained for the
relationship of DY with SCS. Resulis of the present study were generally consistent with previous
reports (Maijala and Hanna, 1974; Hargrove ef af., 1981; De Jager and Kennedy, 1987). R, of SCS with
Lc% was much lower than the corresponding R,, which may indicates that lactose genetically decreased
under mastitic conditions. R, for Lc% with each of P% and_F% were high, and ranged from 0.50 10
0.53 (Table 1), o

Table 1. Sample test—dhy ' .genetic (above) and phenotypic (below) correlations between different
studicd traits ]

DY % % L% sCs
3% 0.3920.10 0.6240.18 ~0.29+0.14 0135007
F% 0.2740.07 © 0664019 T 0.50+0.14 40,1340.08
Po% - 033018 - . 0.38:+0.14 : 0.5240.12 0.11+0.04
Ec% | -0.00+0.10 0.53+0.24 0.51+0.12 011008
8¢S -0.15+0.07 -0.09+0.11 0.12+.07 - -0.0140.08 '

DY: Daily milk yield, F%: Fal percentage, P%: Protein percentage, Lc%: Lactose percentége, SCS:
Somatic cell score. ) - ‘

Corrations of SCS with milk traits within genetic groups

- Phenotypic correlations (i%,) of SCS with milk traits are represented in Figure (1) R,'s were high for
crossbred of high HF inheritance than NHB and crossbred of low HF inheritance. Results in Figure (1),
show that R, of SCS with DY and F% changed across different genetic groups. Increasing R, of SCS
with F% was lower than of SCS with DY in HNB, <25%HF and >25-<50%HF, On the other hand, R,'s
of SCS with DY and F% were similar in HF, R, estimates (Fignre 1) of SCS with P% were positive and
increased progressively with increasing HF inheritance, while this estimate for NHB was higher than for
<25%HF. Results in Figure (1) show that STD may constitute a statistical model whicl reveal real
association of SCS with each of F% and DY especiaily for HF and crossbreds with high HF inheritance.
Genetic correlations {R;) between SCS and milk trits i different genetic groups are shown in Figure
(2). R, estimates of SC§ with P% were less than 0.05 for NHB and <25%HF. Moreover, no notable
change in R, -of SCS with P% ainong NHB with <25%HF, >50-<75%HF and >75%HF was observed.
Changing rate of R, for 8CS with P% from crossbred of low to medium HF inheritance crossbred (>25- -
<50%, >50-<75%) was greater than the corresponding change rate from medium inheritance crossbreds
to HF. Medium HF inheritance crossbreds had higher for only Ry estimate of 5CS with F%! In géneral
{hese results refiect tlie increasing trend of relationships with increasing HF inheritance. Estimates of R,
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for SCS with, DY, F%, and Lc% declined with HF genes except in >50-<75%HF, where positive R was
observed for DY (0 1). Notable reduction of R, for SCS with Lc% was shown in >25-<50%[-1F

BDY ©@F% MWP% BLc%

Phenotypic Correlation

0.15+

'0.2 EE T .l -.. Ll .I Ll T
G1 G2 G3 G4 G5 G6

Figure 1. Phenotypic correlation between SCS and milk production traits in different
genetic groups )
GL:HNB, G2: <25%HF (3:>25-<50%HF, G4: >50-<75%HF, G5 »73%HF, GG HF
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Figure 2, Genetic corvelation between SCS and milk production traits in different genetlc
groups
Gl HNB, G2: <15%HF G3:>25-<50%HF, G4' >50-<75%HF, G5 >75%HF, G6: HF

Correlauons of SCS with milk traits within parity :

Genetic and phenoiypic corrclations between milk traits and SCS in the ﬁrst four itics are
presented in Table (2). R,'s for SCS with DY were negative and increased from 2" to the 4" parity. R,
and R, of SC$ with F% decreased - with parity. Downward trend was shown for R, of SCS with DY
These rcsulls are in agreement with other reports (De Jager and Kennedy, 1987, Chm’l‘eddm 1997.0On
* the. other hand, some studies indicated that the genetic correlations of MY with SCS within the early
lactations were positive and ranged from 0.12 to (.48 (Kennedy ef al., 1982; Monardes et al., 1985; and
Banos and Shock, 1990). The highest R, estimates in (he present study were -.16, 214, .13 and -.13 in .
the 4™, 2™, 2™ 1* parities for DY, F%, P% and Lc%, respectively. These results indicate that, expected
correlated response in milk production through seleclion against SCS will be more efficient if P% is
genetically restricted in sclection index. Schuiz et af. (1990} found genetic correlations between SCS
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and MY ranging from :0.15 to-0.28 in different lactation and suggested that mastitis, as indicated by
SCS, is more common during carly lactations of cows of sires that transmit higher mtlk yield, perhaps
because of the stress from high productivity of milk. The highest R, estimates were presented mainly in
the 1 and 4" parities and differences between these eslimates were very small.

‘Table 2. Sample test-day genetic'and phenotypic correlations between sematic cell score and milk
production traits per parity o Co

. Ry ; ) : - . Ry
Parity DY o B L% . DY - % - P%  Low
¥ TRl 3504 0504 130T -MaE07 -11%03  O7%01  -12509
M 12007 -34R07 13301 -08£01 . -ILE08 11207 07405 -0B+08
310 A4E01 1003 12609 -12602 J1ZR01 0901 ¢ 11£03 11307
4t S16£07  -0%+£11 0811  -04+.01 -20+11 _-.071:09 12E08 07404

DY: Daily milk yield, F%: Fat percentage, P%: Protein percentage, Lc%: Lactose percentage
R, :Genetic correlations , R, :Phenotypic cofrelations -

Correlations between SCS and milk traits within genetic groups within parities ) )
Estimates of R, and R, of SCS with milk traits in different genetic groups within parities are
presented in Table (3). : :

SCS with DY: Estimates were negative in all parities except in the 1* parity where positive. Ry's in the
1" parity corresponded to negative R,'s for cach genetic group. The highest R, (>-0.20) was obtained
for HF, <25%, and NHB in the 4%, (2™ &3), and - 1* parity, respectively. In General the highest
genctic correlation estimates of SCS with milk yield were mostly obtained in the 4% parity for HF and
NHB. While crossbreeds showed moderate estimates in deferent paritics. This may suggest that SCS in
{he early and late parities may be genetically considered different traits, implying that selection in (he
early lactations could be more effective to reduce SCS and increase mastitis resisiance. Estimates of R,
decreased with HF inheritance. -Smiall differences among R¢'s within the 1™ parity with advancing
percentage of HF inheritancé were observed compared with those in other parities. Differences between
estimates among different genetic groups may reflect true genctic differences across all genetic groups
used in the present study. ' : R )

8CS with F%: R, of SCS with F% within different parities in various genetic groups were maostly lower
than (e corresponding estimates with DY. However, this result is more obvious in the <25%HF genetic
group. The highest R, of SCS with F% was -0.27 found in: the 39 & 4% parity (Table 3). Differences
between the highest R, of SCS with DY and SCS with F¥% were small. Moderate values of genetic
cotrelations among milk constituents may lead to the conclusion that measures of sample test day could
be used as a reliable prediction indicator of the production in cases one or more component of milk
production traits are missed in monthly observations. : ‘ o :

SCS with P%: All estimates of phenotypic and genctic correlations were low o moderate and positive.
Genetic correlations ranged from .01 to .20, while phenotypic correlations ranged from .02 to .22 and
were nearly in agreement with previous vorks (Maijala and Hanna, 1974, Hatgrove ef al,, 1981, De
Jager and Kennedy, 1987). R, estimates of SCS with P% were very small (.01 to .09) across different
genetic - groups - in the 1# parity. While R, of SCS with P% in the 4" parity were very low except for HF
and >75%HF. The highest R, for medium HF inheritance crossbreds (>25-<50%, >50-<75%HF) ranged
from 0.15 to 0.19 in the 2™ and 3" parity. The highest R, for NHB and <25%HF ranged from 0.10 to
0.13 in the 1™ and 2™ parity. Estimates of R, in BF and >75%HF increased with advancing order of .
lactatiori while changing rate was approximately similar across parities. Changes of Ry among various
parities for HF were much greater than the comresponding changes across genetic groups in the ™
parity. Generally, negative relationship of SCS with F% and posilive association of SCS with P% may
suggest that sires that transmit higher SCS can also transmit the inberitance of milk with lower F% and
higher P%. C o . ’

SCS with Le%: Estimates of correlations between Le% and SCS were in general niegative. Among all
studied groups the highest R,'s were 0.30, 027, and -0.21, obtained in the 3, 4" and 2™ parity for
HF, respectively.. These estimates were the highest correlations obtained for various relationships of
SCS with milk ‘production traits. This may indicatc that a notable decline in Lc% in milk will eccur
under muastitic conditions in HF cows. R, and R, of 5C8 with Lc% were mostly higher than the
corresponding estimates for SCS with F% of HF. These results may suggest that correlated responses to
single trait selection against SCS might result in remarkable improvement in Lc%. Phenotypic



