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SUMMARY

Weekly milk production of 3735 records from 1545 Friesian cows belonging
to Sakha and Alkarada farms, Ministry of Agriculture, were utilized to estimate
the shape of lactation curve using the gamma function of Wood (1967), (Y,=a
n’ e, where Y, s the average daily yield in the nth week, a, b, ¢ are
estimated parameters of the curve and e is the base of the natural logarithm.
Extensions factors for extending incomplete records to 306-day milk yield
were developed. The parameters of the function (a,b,c) and three generated
traits (week of peak (b/c), peak yield (a(bfc)b &™), and persistency (c)'b”))
were estimated for each record.

The least squares meanst standard errors of a, b, ¢, week of peak, peak
yield, persistency, total milk yield, 305-day milk yield and lactation length were
72.03 £ 3.80, 0.1964 + 0.03, 0.0337 0.01, 7.03 £ 0.36 wk, 79.3 + 4.41Kg,
99.715.46, 3537+181 Kg, 2673+144Kg and 427412 day, respectively.

The estimates of the gamma function parameters were found to be affected
(P<0.05) by cow, parity, season of calving, year of calving and the linear effect
of age at calving. Sire affected the parameter "a", week of peak, peak yield,
fotal milk vyield and 305-day milk yield. Farm did not affect any of the
parameters or the related traits. All traits studied except the 305-day milk yield
were affected by parity,

Heritability estimates for “a” week of peak, peak yield, persistency, total
milke yield, 305-day milk yield were 125, 036, 154, 025, 104 and i
respectively. The heritability of “b”, "¢ and lactation length were considered 0,
because of negative estimates of their respective sire variance components.

Estimates of repeatability were 0.140, 0.113, 0.227, 0.009, 0.217, 0.008,
0.341, 0.339 and 0.269 for "a", b, “c”, week of peak, peak yield, persistency,
totat mitk yield, 305-day milk yield and lactation length, respectively.

Positive genetic carrelation was found between peak week and peak yield
of 0.496 but the phenotypic correlation between them was negative and non-
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significant (-0.04). The resulting heritabilities and corretations indicated that
selection for high peak yield could be more effective for higher 305-day milk
vield than direct selection.

Keywords: Dairy cattle, lactation curve, Garmma function
INTRODUCTION

Lactation curve is the graphical representation of the relationship between
milk yleld and time since calving. A functional form is needed to describe the
lactation curve in order {o predict the milk vield at any given stage of lactation.
Such predictions, if accurate, can be used as a basis for decisions to cull or to
retain @ cow at an earlier stage. Many different models have been developed
to describe the lactation curve from linear, exponential, parabolic, inverse
polynomial and gamma type functions. Wood (1967) used the natural
logarithmic transformation for the non-linear-gamma type function, In(yn) =In
{a)+bin(n)-ocn.

Fitting the gamma function with least squares method for logarithmic
tfransformation accounted for at least 73% of the variation in the logarithm of
milk yield data {Wood, 1869; Cobby and Le Du, 1978; Madalena et al., 1979;
Shanks ef al,, 1981; Goodall, 1988). However, the gamma-type function was
upplied also by Guo et al (1890), Rook et al. (1993), Velarde et al. (1995) and
Singh et al. (1996).

The objectives of this study were: (1) to describe the lactation curve in a
Friesian herd cattle raised in Egypt using gamma function, (2) estimate the
curve parameters, and (3)) to study the traits constructed from the estimates
of parameters of the lactation curve (persistency, week of peak and peak
yield). Genetic and non-genetic factors affecting the shape of the lactation
curve and these derived fraits were evaluated. The study also estimated
heritabilities and repeatabiliies of the lactation curve parameters and
constructed traits.  Genetic and phenotypic correlations were also estimated
between them. Extending by factors for incomplete lactations was estimated
from the gamma function to predict the 308-day (44 wk) milk vield.

MATERIALS AND METHODS

Data

Data used in this study were collected from Sakha and Alkarada
Experimental slations belonging to Animal Production Research Institute,
Ministry of Agriculiure. Both Stations are in Kafrelsheikh Governorate. Data
were collected over the period from 1970 to 1988 and included 4762 records
of 1545 Friesian cows (daughters of 179 sires).

Animals were mainly pen-fed and waler was available all the time. The



Egyptian J. Anim. Prod. (1998) 667
cows were machine-milked and their production was measured twice daily at
0700 h and 1700 h. Cows with the high levels of production were dried off 60
days before calving by incomplete milking quarter by quarter. Low producer
cows were dried off about 90 days before calving or if the cow gave less than
3 kg milk daily. Heat detection was carried out twice daily at 0850 h and 1450
h. Visual observations for mounting activily, vulval mucus discharge and other
signs of estrus were used as indicators of the onset of heat. According to the
farm routine, it was not allowed to inseminate a cow earlier than 40 day after
calving.

Fitting the Lactation Curve and Estimating the Parameters,

Fitting the gamma function to the lactation data using the non-linear
technique improves the fit of the curve by reducing its residual mean squares
if compared with the linear technique (Cobby and Le Du, 1978).

A sample of 100 records was randomly drawned to compare the non-linear

form of gamma function (Y, = a nP &<N) with the linear logarithime
transformed function (In Y, =1In (a) + b In (n)—cn). The unknown constants In
(a), (b)and (c) were estimated by the least squares for each record, similar to

a regression equation. The results revealed that R2 + standard errors were
very close for the linear and non-linear forms of the gamma function; being
0.82 + 0.43 and 0.82 + 0.44, respectively.  The linear form is easier to be
programmed and faster sclved. Therefore, the linear form of the gamma
function was adopted to fit each lactation record for every individual cow.
Estimates for the parameters a, b, ¢ and the generated traits, i.e. peak yield (a

(blc)b eD), week of peak (blc), persistency (c"(b'”))and R? of the model
were obtained by IMSL STAT / LIBERARY (1984), and they utilized for further
statistical analysis.  Only typical lactations (3735) records; 79% of all
lactations) with positive parameters a, b and ¢ were involved in the statistical
analysis. Atypical lactations (21 %) were excluded.

Mixed Model Analysis. _

A mixed model was used to test the effect of the fixed environmental factors:
farm, season of calving , year of calving, age at caiving as covariable with linear
and quadratic terms, parity and all possible interactions and to estimate the
variance components of the random effects of sire and cows within sire on the
- parameters of the function and the generated milk traits studied. The following
linear model, utilizing LSMLMW and MIXMDL Program (Harvey, 1990), was
used: '

Yigmno™ B+ 8 + Cy + F#V+ R, + Pn + FVy + FPy, + VP, + b1 Xiimno

- bzxgijk!n'lno ll = P where
Yiikimeo the estimated parameter of the lactation curve or the generated traits
studied,
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1 the overall mean,
S the random effect of sire, assumed to be normally and independently
distributed
with 0 mean and variance 025 TR s L i<
C the random effect of cow within sire assumed to be normally and

ij
independently

distributed with 0 mean and variance GZC;
Fy the fixed effect due to farm, k=1, 2;

V, the fixed effect due to season of calving, 1=1,..., 4;
R the fixed effect due to year of calving, m=1,..,19;
= the fixed effect due to parity, n=1,...9;

FVy the interaction between farm and season of calving;

FP., theinteraction betwean farm and parity;

VP,  theinteraction between season of calving and parity,

by a partial linear regression coefficient of the trait or the parameter on the
age of cow at parturition;

X the deviation of age of cow at each record from the average of cows;

b, the partial quadratic regression coefficient of the frait or the parameter
on the age of cow at parturition;

Xgijk,mm the square of the deviation of age of cow from its mean; and

Sumne e random error associated with each observation assumed to be

normally and independently distributed with 0 mean and variance 52,

Estimating Genetic Parameters.
The variance components obtained from the analysis were: sire component

(025), cows within sire (0'20-_5) and the error component (o2,). These components
were used to estimate the heritabilities, repeatabilites and genetic and
phenotypic correlations according to Harvey (1990).

Calculating Extension Factors for 'F'ar't Lactations

Factors (f) were generated from the gamma-type function fo extend a part of

lactation of length n week, where j=1,...,43.

44 n 44
fi= L Y/LY; where  EY| isthe total milk yield in 44 weeks,
i=1 i=1
n

ZY; is the cumulative weekly milk yield up to the n" week and
=1

Y. is a n® e where a,b.c and n are as previously defined.
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RESULTS AND DISCUSSION

Fitting the Lactation Curve

The application of the gamma function transformed to the linear form using
the natural logarithm vyielded 79% typical lactation curves with positive "a" | "b"
and "c” and 21% atypical lactation curves with negative "b" and {or)"¢". These
atypical lactation curves would have a peak vield prior to parturition if "b" was
negative and "c" posilive ora concave shape if both "b" and "¢” were negative.
This percentage of atypical lactations is lower than that 34% reported by Shimizu
and Umrod (1976) when they applied the gamma function using the logarithmic
transformation.

Accuracy

The correlation between the predicted value from the function and the zctual
weekly yield was estimated for each lactation. Cn average, the camma function
accounted for 74% of the weekly variation in milk vield. However, Wood {1969)
reported an average of 82.3% with a range from 73.8% to 91.2%. R® obtained in
the present study ranged from 21% to 95% in different classes. Madalena et al.
(1979) reported similar estimate of R® (.74). However, the present estimate is
lower than that provided by Weod (1976), Shanks et al. (1981) and Goodall
(1986). The estimated lactation curve from typical lactations and the means of
actual weekly milk vield are presented in Figure 1.

Lactation Curves for Actual and Estimated Milk Yield
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Figure 1. Lactation curves for actual and estimated milk yield
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Shape of the Lactation Curve and Generated Traits.

Least squares means for the gamma function parameters obtained from the
analysis (Table 1) are 72.03, .1964 and .0337 for "a", "b" and "¢", respectively.

The estimate of the parameter "a" (72.03) is higher than that reported by
Wood (1967, 1969 and 1970) for Friesian cattle, Cobby and Le Du (1978),
Congleton and Everett (1980) for Holstein Friesian, Shanks et al. (1981) for
Halstein, Rowlands et al. (1982) for Friesian and Mainland (1885) for Ayrshire.
This result reflects the relatively high initial production for the Friesian catile
included in this study.

The estimaie of the parameter "b" (.1964) is higher than the estimates
obtained by Wood (1967) and Mainland (1985) but lower than those of Wood
(1970), Cobby and Le Du (1978), Shanks et al. (1981), Rowlands &t al. (1982)
and Goodall (1983). A relatively low estimate of "b" in the present study indicates
that the rate of ascending to the peak yield Is not fast.

The estimate of the rate of declining after peak "c" (.0337) is lower than that
of Wood (1976).

The least squares mean of week of peakyleldis 6.71 (at about 47 days).
This estimate is lower than that estimated by Rowlands et al. (1982), Ferris et al.
(1985) and Jasiorowski et al. (1988), while it is higher than that of Wood (1968
and 1976).

Least squares mean of peak yield is 79.34 kafwk. This estimate can be
considered low if compared with other reported estimates (Shanks et al., 1981;
Moon et al. ,1982; Ferris et al., 1985, Jastorowski et al., 1988).

Persistency factor was estimated to be as 99.73. Itis higher than those of
Wood (1968 and 1970), Shanks et al. (1981) except the first parity factor and
Rowlands ef al. (1982). In general, the estimated |actation curve is characterized
by a moderate initial milk production rising to a moderate peak yield at a slow
rate of ascending to peak, peaking after moderate length of time and higher
persistent than the average of reported estimates.

Estimating Total Milk Yield, 305-day Milk Yield and Lactation Length

Least squares means for total milk yield in the present study was found to
be 3537 kg, an estimate being higher than that reporied by Khattab and
Ashmawy (1988) for Friesian cows. While 305-day milk yield was estimated
as 2673 kg, an estimate being lower than those of Ashmawy (1978), El-Tawil
et al. (1977), Khattab and Ashmawy (1988) and El-Sedafy (1989) on Friesian
cattle in Egypt.

Lactation length estimate was 427 d, which is higher than those reported by
Fahmy et al. (1963), Quawasmi (1971), Galal et al. (1974), Ashmawy (1875) and
El-Sedafy (1989) for Friesian Catile in Egypt.
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Random Factors Affecting the shape of the Lactation Curve and
Generated Traits.
1. Sire

Analysis of varience reveals that the random effect of sire affected (P<.01)
the parameter "a", peak yield (P<.01) and week of peak yield, (P<.05) but not
"b" "¢ or persistency (P>.06). Wood (1970) showed an effect (P<.05) of sire on
the three parameters of the gamma function. Persistency was not significantly
affected by sire. Madsen (1975) reported an effect of sire (P<.01) on
persistency. Although many workers have included effect of sire in their
analyses (Schneeberger, 1981; Shanks et al., 1981; Ferris et al., 1985), they did
not report its effect on the curve parameters or generated traits. They used iis
effect to compute the variance and covariance components for estimating
genetic parameters of the lactation curve.

2, Cow

The effect of cow within sire was significant (P<.01) on the parameters of the
lactation curve. Similar effect of cow within sire on the three parameters of the
gamma function was reported by Wood (1970) on Friesian cattle, (P<.05) for the
"g" parameter, (P<.01) for "b"and "c". Kellogg et al. (1977) found that cows of
Holstein-Friesian stock affected the two parameters "a" and ‘e (P<.01) of the
gamrma function.

Among lactation curve fraits, peak yield is the only one that was affected
(P<.00) by the cow. Madsen (1 975) reported similar effect of cow on peak yield
(P<.01)

In the present study, persistency and week of peak were not affected (P>.80)
by cow. Madsen (1975) also reported no significant effect of cow on

1970).

Differences among the cows in this study may refer to the genetic as well as

permanent environmental differences among them.

Heritability

Heritability estimates for the lactation curve parameters and generated traits
are presented in Table 2. Heritability for the parameter "a" is .125, higher than
reported by Shanks et al. (1981), Ferris (1982) . Heritability of “b" and "¢’ were
considered 0.0 because of the negative sire component.

Heritability estimates of persistency, week of peak and peak yield were .025,
036 and .154, respectively. These estimates are lower than those of Madsen
(1975), Shanks et al. (1981), Ferris ot al. (1985) and Batra et al, (1987).

Results of this study revealed low sire variance components for "a",
persistency, week of peak and peak yield and negative for"b" and "c". The
negative sire components resulted in 0.0 estimate of heritabilities. The lower
estimates of heritabilities than the literature could be attributed to the differences
in the methods of the estimation of the variance components or to the amount of
genetic variation in the population.
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Heritability estimates of 305-day milk yield was .125. The lower heritability
estimates obtained in the present study could be due to the differences between
models and methods of estimation of variance components and also between
degree of environmental and genetic variation affecting different measurements.
Total milk yield had also low estimate (.104).

Repeatability (t).

Repeatability estimates for the lactation curve parameters and the generated
traits are shown in Table 2. Repeatability estimate for "a" was .14, This is higher
than those reported by Wood (1970) and Rao and Sundaresan (1982).

The repeatability estimate for the parameter "b" was 113, This estimate is
lower than that reported by Wood (1970) but higher than that of Rao and
Sundaresan (1982). The estimate of the repeatability of the parameter "c" is 227
which s similar to that reported by Wood (1970) but higher than that of Rao and
Sundaresan (1982).

In general, estimates of repeatability of the curve parameters are within the
range of estimates in the available literature:

Repeatability estimates for the lactation curve traits are 006, .009 and 217
for persistency, week of peak and peak yield respectively. These estimates are
ower than those of Wood (1970) and Rao and Sundaresan (1982) for
persistency and than that of Madsen (1975) for peak yield.

Estimates of repeatability for total milk yield and 305-day milk yield were 341
and 339, respectively. These estimates are lower than those reported by
Madsen (1975) for 305-day milk yield and Rao and Sundaresan (1982) for total
milk yield. :

Genetic Correlations

Estimates of genetic correlations (rg) are listed in Table 2, The genetic
correlations between the curve parameters were not estimable because of the
obtained negative estimates of variance components,

High positive genetic correlation (P<.01) was found between "a" and 305-day
milk yield (.863). Schneeberger (1981) also reported positive genetic correlation
but smaller in magnitude. In contrast, Ferris (1982) and Ferris et al. (1985)
reported negative genetic correlation between "a" and 305-day milk yield. A
positive genetic correlation (P<.01) between "a" and peak yield was also found
(.784). Similar result was reported by Shanks et al. (1981) for the four parities
studied. Also high positive genetic correlation (P<.01) were found between peak
yield and 305-day milk yield (888) and between 305-day milk yield and
persistency (.659). Madsen (1975), Ferris (1982), Ferris et af. {1985) reported
similar resulls.

Peak yield was positively genetically correlated (P<.01) with week of peak
(496) and persistency (.407). Shanks et al. (1981) found positive correlation
between peak vyield and week of peak in the first and third lactations but
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negative in the fourth orlater lactations. The result of Madsen (1975) confirms
the positive genetic correlation between persistency and peak vield but these
results were in contrast with Shanks et al. (1981) who reported negative
estimates of correlations.

The genetic correlation between persistency and week of peak exceeded 1.0
with small standard error (.182). Persistency was positively correlated (P<.01)
with "a".  These results are in agreement with Shanks et al. (1981) for the
correlation between persistency and week of peak but are in disagreement for
the correlation between "a" and persistency.

Genetic correlations between generated traits and each of "b" and "¢ were
not estimable because of negative (co)variance components were obtained.

Selection indices could be useful in changing the shape of the lactation
curve. The resulting correlations indicate that initial milk yield "a" is positively
correlated with 305-day milk yield and peak yield. Also, peak yield is positively
correlated with each of 305-day milk yield and persistency.

Selecting for high initial yield "a" is genetically associated with high peak yield
(genetic correlation is .78) and late week of peak because peak yield is positively
correlated with week of peak. Selection for high peak yield would be effective for
higher 305-day milk yield (h? for peak vield = 154 and rg with 305-day milk yield
=.888) than direct selection.

Phenotypic Correlations.

Phenotypic correlations (rp) are presented in table 2. The parameter "a" was
negatively phenotypically correlated (P<.01) with "b" (-.543) and "¢" (-.256).
Fositive phenotypic correlation (P<.01) was also found between "b" and "¢" (.82),
Schneeberger (1981) reported similar results except for the correlation between
"a" and "c" which was positive. These results indicate that high "a" (initial vield)
is associated with low rate of ascending to peak yield and low rate of descending
after peak yield. Positive phenotypic correlations (P<.01) were found hetween
"a" and 305-day milk yield (.468) and peak yield (.548).

The parameter "b" was negatively phenotypically correlated with persistency
and 305-day milk yield (P<.01). The parameter "¢" had also a negative
phenotypic correlation (P<.01) with persistency. This result reflects the fact that
low rate of declining after peak is associated with higher persistent cows. These
results are in agreement with Schneeberger (1981) and Shanks et al. (1981).

The 305-day milk yield was positively phenotypically correlated (P<.01) with
persistency (0.188), week of peak (0. ) and peak yield (0.594). The highest
phenotypic correlation coefficient was found between 305-day milk yield and
peak vield (.594). Ferris (1982) reported similar result. This means that peak
yield is an indicator for 305-day milk yield. Week of peak yield had a positive
phenotypic correlation (P<.01) with persistency and a negative correlation with
peak yield. These results are similar to those of Shanks et al. (1981).

Decreasing rate of ascending to peak "b" may be associated with a
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decreasing rate in peak yield. The latter is associated wilh late week of peak
(negatively correlated) and late week of peak associated with high persistency.

Extending Factars for Part Lactations.

Evtension factors for extending part lactations were estimated, Resulting
faciors can be multiplied by the cumulative production of a cow that dried off
obligatory at any given week of lactation to predict the 305-day milk production.
The accuracy of using the incomplete gamma function for extending the partial
record was also investigated in this study. The correlation coefficients between
the actual 305-day milk yield and that obtained from utilizing the incomplete
gamma function (from parts of 10 random samples of cows that completed their
records to 44 weeks of production) were estimaled. These correlation
cocfficients showed an increasing trend with the increase of number of weeks
used in the sample, increasing from .59 to reach .90 for the first parity. In the
second parity to the sixth, the carrelation coefficients were the highest among all
weeks of iactations (from .69 for the second perity at four weeks to .99 in the fifth
parity at the thirty five weeks). '
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