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ABSTRACT

A total of 10836 first lactation records German Friesian cows daughters of 781
sires, from 1979 to 1996 were used to study genetic progress achieved by predicted
transmitting ability of sires (PTA) for 305 day milk yield (305dMY), milk fat (MF) and
milk protein (MP). Data analyzed by using a multitrait REML with the animal model.
Genetic variances were based on variation in estimated PTA values of individual
sires. Also, regression methods to estimate the annual genetic progress were used.
Heritabilities were 0.32, 0.36 and 0.31 for 305dMY, MF and MP, respectively. Genetic
and phenotypic correlations among traits studied were positive and significant. PTA
values for 305dMY ranged from —1984 to 1781 kg with average differences between
sires of 3765 kg, as well as for MF ranged from —-181.2 to 158.8 kg with average of
340 kg, and for MP ranged from —107.5 to 317.3 kg with average of 424.8 kg. Annual
genetic change in the PTA for 305dMY, MF and MP averaged 222.11, 3.93 and 7.44
kg, respectively. The results indicated that the use of top ranking bulls on the basis of
their PTA's for milk yield traits in breeding program will lead to noticeable genetic
improvement in productivity of Friesian cows in Northern Germany.

Keywords: Heritability, Genetic, Phenotypic correlation, Genetic Trend, Predicted
Transmitting Ability (PTA), Annual Genetic Change and German
Friesian Cows.

INTRODUCTION

Genetic evaluations are key to producing improved animals and
increasing profitability for the future. By monitoring the average predicted
transmitting ability PTA’s of cows and bulls born in each year, the genetic
trend can be obtained. All PTAs’ are estimates or alternatively predictions
based on the available information. Estimation of genetic trends over time is
problematic because of the difficulty to conduct experiments in uniform
conditions over a period of several generations. So that changes in
performance of selected population may reflect, in part, both environmental
and genetical changes. Theoretically it is possible to simultaneously maintain
a control population to remove the influence of environmental change (Hill,
1972), but this could prove expensive especially over a long period of time. A
matter of fact milk yield is expressed only in females; therefore, selection of
young bulls for sex-limited traits requires either selection by pedigree or
indirect selection (Freeman, 1975). The most rapid genetic gain can be
achieved by selecting and sampling young bulls, because younger animals
are on average superior to the older animals. As genetic progress
accelerates, the importance of young animals in breeding programmes
increases. The purposes of the present research were to estimate (1)
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phenotypic and genetic parameters for 305 day milk yield (305dMY), milk fat
(MF) and milk protein (MP) and (2) additive genetic change for these traits in
a herds of Friesian cattle raised in Northern Dutchland.

MATERIALS AND METHODS

Data on 10836 normal first lactation records of German Friesian cows
daughters of 782 sires of milk, fat and protein yields were collected from 23
herds from 1979 to 1996. Data were supplied by VIT (Vereinigte
Informationssyteme  Tierhaltung), Verden, Germany. Cows without
measurements on yields of milk, fat, and protein or with records less than
240d or greater than 400d length of lactation were deleted. Sires with 20
daughters or more were used. The originated data was 20500 first lactation
records from 23 herds in one sub-region, so that the common variety farms
as semi open sheds are presented. Editing data was extensive in order to
have as many acceptable records as possible. The animals were fed on
concentrates according the vyielding with the grassland in summer and
autumn. In the winter cows get concentrates and conserved feed.

Firstly, Estimation of non-genetic effects with mixed model of (Harvey,
1990) were used. The following mixed model was used:

Yim = W +hi +sjj +fi +y1 +bi (X-x7) + bo (X-X7)2 +€ijkim
Where: pu= a population constant; hi= the fixed effect of herd (i =1,2,....23);

si= the random effect of i sire within ji" herd; fk= the fixed effect of

season of calving (k =1,....3); yi= the fixed effect of year of calving

(1979 to 1996); b1 and bo= the linear and quadratic regression

coefficients of 305-dMY, MF and MP in kilograms on age at first calving

in month; and ejkm= the random errors distributed as a normal
distribution with zero mean and variance oZ.

Secondly, A Multi Trait Animal Model program (MTDFREML) of
Boldman et al. (1995) was used to estimate the breeding values with Best
Linear Unbiased Prediction (BLUP) methodology. The following linear animal
model was used:

Y=XB+Zu+e
Where:

Y = a vector of observation for each trait,

X = the incidence matrix for fixed effects;

B = the vector of an overall mean and fixed effects of month and year
of calving;

Z = the incidence matrix for random effects;

M = the vector of random effects (animals additive genetic effects)

associated with the incidence matrix Z; and

e = the vector of random errors normally and independently distributed

with zero mean and variance (0, |G%).
The variance-covariance structure for the model was as follows:
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Where:

A is the numerator relationship matrix,

o%a1 , 0%az2, G%as = the direct genetic variance for trait 1, 2 and 3,

o%e1, 0%e2, 0%es3 = the residual variance effects and

0 ai @ = the direct genetic covariance items between any pair of the

three traits studied.
To estimate heritability (h?), the following equation were used:

h? = 0%a / (0% + 0%)
Where:

0% = additive genetic variance; and 0% = the random residual effect
associated with each observation.

Genetic trends for different traits studied were obtained by estimating
coefficients of regression the estimate of breeding values on years of birth.
For the p" vyear, the average of sires transmitting abilites was

Z nip§i / n.p’ where nj, is the number of daughters of sire i born in the pt
i

year, and s; is the predicted transmitting ability of the i" sire, (Canon and
Munoz, 1991).
The accuracy of predicted breeding value for each individual was

estimated according to Henderson (1975) as I’AA = J1- d i

Where rAA = the accuracy of prediction of the i animals breeding

value (animals with records) and animals transmitting ability (animals without
records), dj = the ji" diagonal element of inverse of the appropriate block
coefficient matrix, and a = 0% / 0%

Table 1 Show, observations, means, minimum, maximum, standard
deviations and coefficients of variation for milk, fat and protein yields.
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Table (1) Summary of the data structure for yield traits for the first

lactation.
ltems Mean SD Minimum Maximum CV%
Yields, kg
Milk 6322 1280 3301 10563 20.25
Fat 263 54 89 488 20.53
Protein 209 43 78 763 20.57
Observations
Records, no. 10836
Herd levels 23
Year levels 17
Seasons levels 3
Animals in relationship matrix, no. A 11282
Mixed model equations, no. 33978
Simplex iteration carried out, no. 2266

RESULTS AND DISCUSSION

(Co)variances and parameters

Estimates of genetic, phenotypic and environmental covariances for
yields of milk, fat and protein are given in Table 2. However, genetic
variances for milk and fat yields as proportions of the total variances were
somewhat higher than protein yield, while the contrast trend was found for the
environmental variances for protein yield as proportions of the total variance
(Table 2). Consequently, for milk and fat yields, heritability estimates were
higher than for protein yield, (0.32, 0.36 and 0.31 for milk, fat and protein
yields, Table 3).

The present estimates are higher than those estimated by Hill et al.,
1983, being 0.25, 0.24 and 0.21 for milk, fat and protein, respectively on
British Holestein-Friesian cows. In addition, estimates obtained by Meyer,
1984 and Ashmawy and Khalil, 1990, were smaller than those estimates in
this study. (0.25, 0.24 and 0.23 for milk, fat and protein yields, respectively).
Hamed and Soliman, 1994, found that the estimates of h2 for milk yield 0.43,
fat yield 0.42 and protein yield 0.38. According to the moderate heritability
estimates reported here, it can be concluded that the genetic improvement in
milk production traits can be achieved through selective breeding program.

Table (2) Estimates of genetic and phenotypic (Co)variances for milk, fat
and protein yields for the first lactation.

Yield traits Genetic Phenotypic Environment

Variances, kg?

Milk (M) 2040.66 6359.88 4319.22

Fat (F) 1009.53 2827.18 1817.65
Protein (P) 698.65 2236.44 1537.78
Covariances, kg?2

M x F 758.20 3545.85 2787.66
MxP 990.35 3558.65 2568.29
FxP 766.32 2435.59 1669.27
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Table (3) Estimates of heritabilities, genetic, phenotypic and
environmental correlations for yields of milk, fat and
protein of the first lactation.

Parameters
Yield traits h2 rs re re
(F) (G () (P) (F) (P)

Milk, (M) 0.32 0.53 0.83 0.84 0.94 0.99 1.00

Fat, (F) 0.36 0.91 0.97 1.00

Protein, (P) 0.31

Estimates of heritability obtained in the present study are generally
higher than those estimated by Manfredi et al., (1984), Lawlor (1984) and
deJager and Kennedy (1987) with sire model. However, Cue et al., (1987),
analysed Canadian data by sire model, found heritability estimates of 0.36 for
milk and fat yields and 0.25 for protein yield. The present results are
comparable with those estimated by Albuquerque et al., (1996), using animal
model with two sets of California (CA) and New York (NY) data, being 0.30,
0.31 and 0.29 for milk, fat and protein, respectively in CA and 0.33, 0.35 and
0.30, respectively in NY. Those authors concluded that heritability estimates
obtained with animal model vary, but most are higher than those obtained
with sire models. In addition, Misztal et al., (1992), obtained much higher
heritability estimates than those in the present study of 0.44, 0.42 and 0.40
for milk, fat and protein yields, respectively.

Genetic correlations between vyield traits were positive and high.
Estimates were 0.53 for milk and fat, 0.83 for milk and protein and 0.91 for fat
and protein Table (3). The corresponding estimates except of between fat
and protein of deJager and Kennedy, 1987 were 0.57, 0.82 and 0.66
respectively. This conclusion was similar to other workers (e.g. Ashmawy and
Khalil, 1990; Soliman et al., 1990; Soliman and Khalil 1993: and Hamed and
Soliman, 1994. In addition, Schutz et al., 1990 found smaller genetic
correlation of milk and protein (0.50 to 0.62), also, milk and fat (0.20 to 0.28).
Campos et al., (1994) estimated genetic association between MY and FY and
MY and PY of 0.70 and 0.85, respectively.

The present study shows higher genetic, phenotypic and
environmental correlations between fat and protein yields comparison with
correlations between both milk and fat yields or milk and protein yields (Table
3). Albuquerque et al., (1995) reported that genetic, phenotypic and
environmental correlations were largest between milk and protein (0.84, 0.93
and 0.96) followed by correlations for fat and protein (0.87, 0.83 and 0.86).
The same trend was observed by Dong et al., (1988), Misztal et al., (1992);
and Visscher and Thompson (1992) with the animal models analysis.
Generally, High estimates for phenotypic and environmental correlations
among vyield traits were obtained in the present study and ranged between
0.84 and 1.00 Table (3). Phenotypic correlations were high than
corresponding genetic correlation (El-Awady et al., 2000).
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PTA’s and Annual genetic change

Predicted transmitting ability of sires (PTA’s) and accuracies of milk, fat
and protein yields for first lactation are in Table (4). Number of daughters per
sire ranged from 20 to 1034. Estimates of PTA as deviation from mean
ranged from —1984 to 1781 kg for milk yield, from —181.2 to 158.8 kg for fat
yield and from —107.5 to 317.3 kg for protein yield, with an average being,
3765 kg, 340 kg and 424.8 kg, respectively. Predicted transmitting ability
obtained from the present study were lager than those obtained by
Schneeberger et al., 1982; Abubakar et al., 1986. However, McAllister et al.,
1990 with Holsteins in Canada found that average PTA for first lactation
yields of milk, fat and protein were —197 to 838 kg, -14 to 39 kg and —11 to 31
kg, respectively. In addition Abubakar et al., 1986 evaluated 1442 sires of
Holsteins by best linear unbiased prediction procedures for first lactation and
reported that sire value for milk ranged from —340 to 359 kg.

Table (4) Predicted minimum (Min), maximum (Max), standard error (SE)
and range of sire transmitting ability (PTA) for the first
lactation milk, fat and protein yields.

Yield traits Min + SE Max + SE Range Average accuracy
Milk -1984+253 1781+292 3765 87%
Fat -181.2+18.8 158.8+16.8 340.0 76%
Protein -107.5¢17.6  317.3+20.6 424.8 81%

The present estimates showed large genetic differences between sires
for different traits studied, indicate the high potential for rapid genetic
improvement in milk, fat and protein yields through selection. The accuracy of
sire PTA value for yield traits studied was high, this may be due to higher
number of daughters per sires.

The Annual genetic progress for milk, fat and protein yields are given
in Table (5). The genetic progress for milk, fat and protein yields was greater
for the period from 1985 to 1990, being 315.00, 7.75 and 10.30 kg,
respectively, than the overall genetic gain, being 222.11, 3.93 and 7.44 kg,
respectively. Van Tassel and Van Vleck, 1991 reported genetic gain of 60.8
kg for milk for Holstein sires of bulls (SB) from 1955 to 1973. In addition,
Nizamani and Berger, 1996 with Jersey cows, found that genetic response for
milk, fat and protein yields was greater from 1982 to 1986 at 232.0, 6.0 and
4.9kg, respectively, than the overall genetic response at 91.7, 3.4 and 2.6 kg,
respectively.  Because the genetic progress for milk, fat and protein yields
were greater for the period from 1985 to 1990 than the progress achieved for
the period from 1979 to 1990, these results suggest that the use of high
ranking bulls on the basis of their PTA's in the breeding program through Al
will lead to high genetic improvements in these herds. Burnside et al., 1992
found a higher trend for milk, fat and protein yields of Italian Holsteins from
1985 to 1988 and a lower overall trend. In additional, our results are in close
agreement with these estimated by Jamrozik et al., 1997, who reported that
the PTA's for milk and protein yields were, 210 and 6.93 kg, respectively.
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Table (5) Estimates of annual genetic change (kg/year)
and its (standard errors) for milk, fat and
protein yields.

Year of Traits
Calving Milk, kg Fat, kg Protein, kg
1979 -1377.94 57.87 -54.19
1980 -925.28 38.86 -30.35
1981 -861.37 36.81 -28.25
1982 -841.10 35.32 -27.59
1983 -232.49 9.76 -7.63
1984 365.08 15.33 11.97
1985 -21.29 0.89 -0.69
1986 -659.66 27.71 -21.64
1987 -194.73 8.18 -6.39
1988 265.44 11.15 8.71
1989 1084.03 4553 35.56
1990 1044.53 43.85 34.24
1991 2147.68 90.17 70.42
1992 1262.92 53.00 41.39
1993 1555.46 65.33 51.04
1994 2189.40 91.94 71.79
1995 2112.21 88.70 69.27
1996 2544.85 106.88 83.41
b's
1) 308.96 +69.21 -8.61+2.91 11.40 + 2.66
(2 314.87 +86.11 7.75+3.49 10.30 + 1.43
(3 147.60 + 107.58 6.21 + 4.53 4.84 +3.54
4) 189.45 + 30.04 -1.29 +1.60 6.56 + 1.01
®) 222.11+76.09 3.93+1.09 7.44 + 0.64

b's =annual genetic change per kilograms of milk, fat and protein yields.

(1) = annual genetic change from 1979 to 1984; (2) = annual genetic change from 1985 to
1990; (3) = annual genetic change from 1991 to 1996; (4) = annual genetic change from

1979 to 1990 and (5) = overall mean of annual genetic change from 1979 to 1996.

The present study concluded that the annual genetic gain in milk
yield was high as compared with the annual genetic progress in either fat or
protein yield, which indicated that the selection of high yielding cows for the
305 days milk yield will be associated with the improvement in the
corresponding fat and protein yield. Thus considerable genetic progress in
milk, fat and protein yields could be achieved in Friesian cows in Germany by
using the top ranking bulls in the breeding program.

CONCLUSION

ACKNOWLEDGEMENT
8201




El-Awady, H. G.

My thanks to the VIT (Vereinigte Informationssysteme Tierhaltung)
Verden, Germany for making the data available for analysis. Also my thanks
are due to prof. Dr. E. S. Tawfik, University of Kassel, Germany for facilitated
to get these data.

REFERENCES

Abubakar, B.Y.; R.E. McDowell and L.D. Van Vleck (1986). Genetic
evaluation of Holsteins in Columbia. J. Dairy Sci., 69:1081.
Albuguerque, L. G.; G. Dimov; J. F. Keown and L. D. Van Vleck (1995).
Estimates using an animal model of (Co)variances for yields of milk,
fat, and protein for the first lactation of Holstein cows in California and
New York. J. Dairy Sci., 78:1591.
Ashmawy, A.A. and M.H. Khalil(1990). Single and Multi trait selection for
lactation in Holstein Friesian cows. Egypt. J. Anim. Prod., 27:171.
Boldman, K.G.; L.D. Van Veleck and S.D. Kachman (1995). A manual for use
of MTDFREML of animal model. USDA-ARS. Clay center, NE.
Burnside, E.B.; G.B. Tanson; G. Civati and E. Datati (1992). Observed and
theoretical genetic trends in a large dairy population under intensive
selection. J. Dairy Sci., 75:2242.
Campos, M. S.; C. J. Wilco; C.M. Becerril and A. Diz (1994). Genetic
parameters for yield and reproductive traits of Holstein and Jersy
cattle in Florida. J. Dairy Sci., 77:867.
Canon, J. and H. Muonz (1991). Genetic trends for milk production in
Spanish Holstein population. J. Anim. Breed. Genet., 108:41.
Cue, R. I.; H. G. Monardes and J. F. Hays (1987). Correlations between
production traits in first lactation Holstein cows. J. Dairy Sci.,
70:2132.
deJager, D. and B.W. Kennedy (1987). Genetic parameters of milk yield and
composition and their relationship with alternative breeding goals. J.
Dairy Sci., 70:1258.
Dong, M. C.; L. D. VanVleck and G. R. Wiggans (1988). Effect of
relationships on estimation of variance components with an Animal
Model and Restricted Maximum Likelihood. J. Dairy Sci., 71:3047.
El-Awady, H.G.; A.M. Metwally and A.Y. Salem (2000). Estimates of genetic
(Co)variances for yields of milk, fat and protein in Friesian cows. J.
Agric. Res., Tanta Univ., 26:12.
Freeman, A.E. (1975). Choosing and sampling young bulls: theory,
background, and general problems. J. Dairy Sci., 58:1063.
Hamed, M.K. and A.M. Soliman (1994). Single trait selection for 305-day milk,
fat and protein yield in Fleckvieh cattle. Egypt. J. Anim. Prod., 31:281.
Harvey, W.R. (1990). User's Guide for LSMLMW, Mixed Model Least
Squares and Maximum Likelihood Computer Program. PC-2 version.
Ohio State. University, Columbus, (Mimeograph), USA.
Henderson, C.R. (1975). Use of all relatives in estimated prediction of
breeding values and producing abilities. J. Dairy Sci., 58:1910.

8202



J. Agric. Sci. Mansoura Univ., 27 (12), December, 2002

Hill, W.G (1972). Estimation of genetic change. | General theory and desigen
of control population. Animal Breeding Abstract, 40:1.

Hill, W.G.; M.R. Edwards; M.K.A. Ahmed and R. Thompson (1983).
Heritability of milk yield and composition at different levels and
variability of production. Anim. Prod., 36:59.

Jamrozik, J.; L.R. Schaeffer and J.C.M. Dekkers (1997). Genetic evaluation
of dairy cattle using test day yields and random regression model. J.
Dairy Sci., 80:1217.

Lawlor, T. J. (1984). Estimation of genetic and phenotypic parameters of milk,

fat and protein yields of Holstein cattle under selection. Ph.D.
Diss., cornell Univ., Ithaca, NY.

Manfredi, E.J.; R. W. Everett and S.R. Searle (1984). Phenotypic and genetic
statistics of components of milk and two measures of somatic cell
concentration. J. Dairy Sci., 76: 2028.

McAllister, A.J.; J.A. Vesely; T.R. Batra; A.J. Lee; C.Y. Lin; G.L. Roy; J.M.
Wauthy; K.A. Winter and L.A. McClelland (1990). Genetic changes in
protein, milk and fat yields as a response to selection for protein yield
in a closed population of Holsteins. J. Dairy Sci., 73:1593.

Misztal, I.; T.J. Lawlor; T.H. Short and P.M. VanRadon (1992). Multiple-trait
estimation of variance components of yield and type traits using an
Animal Model. J. Dairy Sci., 75:544.

Meyer, K. (1984). Estimates of genetic parameters for milk and fat yield for
first three lactations in British Friesian cows. Anim. Prod., 38:313.

Nizamani, A.H. and P.J. Berger (1996). Estimates of genetic trend for yield
traits of the registered Jersey population. J. Dairy Sci., 79:487.

Schneeberger, C.P.; K.E. wellington and R.E. McDowell (1982). Performance
of Jamaica Hope cattle in commercial dairy herd in Jamaica, J. Dairy
Sci., 65:1364.

Schutz, M.M.; L.B. Hansen; G.R. Steuernagel; J.K. Reneau and A.L Kwk
(1990). Genetic parameters for somatic cell, protein and fat in milk of
Holsteins. J. Dairy Sci., 73:494.

Soliman, A.M.; M.H. Khalil; A.A. Ashmawy and A. Essl (1990). Analysis of
milk production traits of pinzgauer cattle in Austria. II-Genetic
parameters. J. Anim. Breed. Genet., 107:43.

Soliman, A.M. and M.H. Khalil (1993). Estimates of genetic parameters for
single and composite milk traits in Fleckvieh cattle and their uses in
programmes of early selection. Egypt. J. Anim. Prod., 30:21 .

Van Tassel, C.P. and L.D. Van Vleck (1991). Estimates of genetic selection
differentials and generation interval for four paths of selection. J.
Dairy Sci., 74:1078.

Visscher, P.M. and R. Thompson (1992). Univariate and multivariate
parameter estimates for milk production traits using an animal model.
1. Description and results of REML analysis. Genet. Sel. Eval.,
24:415.

8203



El-Awady, H. G.

Ay gmind) B0 Bal) a5 3o sk e Cﬁ_ﬂ\cﬂgﬁjCﬁiu«a]a_ﬁmJJﬂ‘CM-AL;JY\
ool Js¥ s gt i £ (adall

@l e s

e = Uaih daals - foddl 4S de) 3l A0S - ) gaald) LYY and

VAV e 3 8l VAY 23ad J W) s sall Gl s V0 AYT Gladia o
3 a8all a8 3oyl e Al o) colaladyl dul jal el g Lalall Jlaiia 1497 dag
¢ opall 2L} casn Yeo 8 Galll L) e ST AL o S ja8 93Ul 4 ) gand)
3_&)@.&4&\}@\)}\ L"_ILL:L:\ﬁJ\J\ il é‘}-‘”é“- _’\‘\ }_,T“\_s_,\‘\‘ _.10:33_5‘)..\5\ Ctu\
‘ ; ] Asine s dan e

sl Juadl 4y ylay e cuiy Yo Lggad il 39Ul 2y 5 ponll Aagil) o 5
zli) adal J ) avgall & (30Ul 4 ) saall daill Can gl 5 (BLUP) Jiaie yé (ohad
YAV, Y- (e ol L) ddial 5 aa€ FVYR0 dasgiay aaS YYAY LI VAAE- (e clll
aaS YAVLY (Y 0 V00 e g ) Z L ddial 5 aaS YE o Lo giag aaS Y OAA )
S Y A Lo gy
o)zl g Lagy Yoo 3 cpll) 2L ddia (o JS) Ul (g sidl ) 5ll el 8
o2 il Cina gl a8y Mol e aaS V88 5 VLAY CYYY, VY gl 2Ll
cldaal 4y ) sanll L3 jaie ebad (e 3350 5l 3Ll Alle (33Ul aladiul o dul )
o Bsale (I Ot (M (o5 Cigus B 5 al g (sl 5 a5 Gl 2l
L) Jlads gl oal) eyl daaliy)

8204



