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Abstract: Genetic aspects of the lactation curve of Iraman Holstein heifers were studied with the use of Wooed’s
incomplete gamma function (y, = at"exp) ™. Data comprised 179,460 monthly test day milk records from 17,946
Tranian Holstein dairy heifers calving between 1986 and 2001 and distributed in 287 herds. Wood’s incomplete
gamma function parameters (a, b and ¢) were initially estimated for individual cows using SAS programme and
subsequently along with some production characteristics including peak time (b/c), peak yield (a(h/c)(exp)™),
persistency (-(b+1)Log.c) and 305 day lactation milk yield were subjected to a multivariate Amimal Model to
estimate genetic parameters of seven traits using MTC programme. Based on the results, it was revealed that
heritability estimates for the parameters of Wood’s incomplete gamma function (0.1, 0.03 and 0.05 for a, b and
¢, respectively), peak time (0.1) and persistency (0.08) were low indicating that these traits were substantially
mfluenced by the envirommental factors and as a result additive genetic vanation between ammals for these
traits was not remarkable suggesting that direct selection may not meaningfully change the shape of the
lactation curve. In this study, the heritability estimates of peak yield (0.28) and 305 day milk yield (0.29) were

found to be approximately the same.
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INTRODUCTION

The preduction of milk and its components varies
during different months of lactation. Moreover, milk
production traits follow a curvilinear pattern over the
course of lactation. The knowledge of the lactation curve
can provide a worthwhile information source about the
pattern of milk production traits which in turn would be
used for herd breeding and management decisions
(Perochon et al., 1996; Val-Arreola et al., 2004; Lin and
Togashi, 2005; Macciotta et al., 2005). Over the past three
decades, many studies have been undertaken to apply
different mathematical models to obtain more accurate
prediction of the shape of the lactation curve. The
mcomplete gamma function has been proposed by Wood
(1967) to model the lactation curve of milk. The parameters
of Wood’s incomplete gamma function are usually
estimated by least squares techmque using a logarithmic
transformation of the function (Tekerli et al., 2000,
Macciotta et «l, 2003) or a non-linear regression
(Kellogg et al., 1977, Congleton and Everett, 1980a).
Weighted regression was also proposed as an alternative
procedure to non-linear regression for estimating the
lactation curve parameters of Wood’s incomplete gamma
function (Cobby and T.e Du, 1978). Other research workers
have also used different non-linear functions to model
lactation curve and estimate corresponding parameters

(Ali and Schaeffer, 1987, Morant and Gnanasakthy, 1989;
Ramirez et al., 1994; Castillo et al., 2002; Macciotta et al.,
2005). Grossman et al. (1986) extended the mcomplete
gamma function by including sine and cosine terms to
take account of seasonal variations other than season of
calving. Batra (1986) and Batra et /. (1987) compared this
extended function to the inverse polynomial function and
concluded that a better fit can be provided by the inverse
polynomial function. Grossman and Koops (1988) used a
multiphesic non-linear fimction in the analysis of lactation
curves and concluded that the diphasic function has
smaller, more symmetric and less correlated residuals than
the incomplete gamma function. Nelder (1966) proposed
the mverse quadratic polynomial function to model
lactation curve. This function is y, = t{atbt+ct®) or
alternatively y,~' = a/t+b+ct’) where t is days in milk and
a, b and ¢ are the lactation parameters to be estimated.
Also, two non-linear functions proposed by Wilmink
{1987, Ali and Schaeffer (1987) are y, = at+b(exp) " "+ct
and v, = atb(t/305)+c(t/305)4+d(log305/1)+e(log305/t),
respectively. These functions have been also widely used
by many research workers in phenotypic (Dedkova and
Nemkova, 2003) and genetic (Jamrozik and Schaeffer,
1997; Jamrozik et al., 1997, Kaya et al., 2003) evaluation
based on test day models to take account of the shape of
the lactation curve mn dairy cows. Pollott (2000) proposed
a biological approach (based on the processes occurring
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Macciotta et al., 2005) to study phenotypic and genetic
aspects of the lactation curve, is of the following form:
= at” (exp) (1)

Where v, is the average daily milk yield in kg at t*
month of lactation, a 1s the parameter associated with
overall scale of production, t 1s the month of lactation, b
is the parameter associated with increase rate of yield
during the inclining phase until peak time, ¢ is the
parameter associated with the decreasing rate of yield
during the decliming phase until the end of lactation and
exp is the base of the natural logarithm and was set up as
271828 in the function. The parameters b and ¢ are
related to pre-peak and post-peak curvature, respectively
(Wood, 1976). Due to the method of herd recording, a
monthly model was applied rather than a daily or a
weekly representation. Most herds
recorded on average, once a month ie., every 4 weeks
(the average mterval between two consecutive tests was
about 30 days, Table 1). Thus as pointed out by Tozer
and Huffaker (1999) a monthly representation of milk
production would more accurately estimate the herd
recording data. Kellogg et al. (1977) also used the
same model on monthly test day records of Holstein
dairy cows. When test day records are collected once
a week, a weekly model 1s usually used to fit the
lactation curve by Wood’s mncomplete gamma function
(Rao and Sundaresan, 1979; Batra, 1986; Olori et al., 1999).
Tnitially, the parameters of Wood’s incomplete gamma
function for whole data set were estimated by non-linear
procedure of SAS programme (SAS Institute Inc., 1589)
using Gauss-Newton method (which is based on Taylor
Series) until converged. Priors
(starting grids) needed for non-linear analysis, were first
estimated by fithng the Wood's fimction in form of
log-linear.

Tn the next step, Wood’s incomplete gamma function
was fitted to the monthly test day milk yields of mdividual
cows at first calving. With respect to the large mumber of
data, weighted linear regression analysis (which is an
alternative to non-linear estimation) with weighting
proportional to the squares of the untransformed milk
yields (Cobby and Le Du, 1978) was implemented to
estimate the lactation curve parameters of Wood’s
incomplete gamma function for individual cows. After
discarding atypical lactation curves (negative b or c),
production characteristics, which are some functions of
the estimated lactation cwve parameters, were
subsequently calculated using the following equations:

i Iran are

iterated estimates

¢ Peak time (PT) was calculated as b/c (2)
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Peak yield (PY) at the peak time was calculated as

PY =ab/e)"(e)y "™ = a(b/c)’e™ (3)
»  Persistency (Per) was calculated as
Per=log,c ®" =—(b+1)*logc 4

In order to improve normality and avoid instability
associated with estimated small values of ¢ parameter, the
natural logarithm (log,) of persistency measure (¢ ™,
Wood, 1967) was used (Rekaya et al., 2000).

Estimated lactation curve parameters (a, b and ¢),
production characteristics (PT , PY and Per) and 305 day
milk (M305) yields of all first lactation cows were fitted in
a multivariate (seven variates) Animal Model to estimate
genetic and phenotypic parameters. Estimation of
phenotypic and genetic parameters of the lactation curve
traits was restricted to first lactation records because the
largest number of records (after discarding atypical
lactation curves) pertained to this lactation and selection
would not bias the estimates. Furthermore, selection in
dairy cattle 1s mostly based on first lactation records. The
multivariate Amimal Model was as follows:

2 2
Ve = HYS, + 3By * (A, 00 + 308, #(LL, )Y +a, +e, ©
R=1 R=1

Where y, is the record of the k" trait
{a,b,c.PT.PY,Per,M305) of the * cow, HYS, is the fixed
effect of the i" contemporary group of Herd-Year-Season
of calving on the k™ trait, Ay, is the covariate of calving
age (month), LL;, is the covariate of lactation length (day),
B and & are the linear and quadratic partial non-orthogonal
regression coefficients for the corresponding covariates
in the model, ¥ is the summation notation for each
covariate , a, s the random effect of additive genetic merit
of the j* cow on the k™ trait and ey, is the random residual
effect associated with y; and it is assumed to be
distributed as N(O,Re1).

In matrix notation this equation can be re-written as
follows:

Y = Xp+Zute ©

Where y 18 a column vector of observations for the traits
{a,b,c,PT,PY Per, M305)";

X 18 a known design matrix relating elements of 3 to each
¥s

B 1s an unknown column vector of fixed effects of herd-
year-season of calving, linear and quadratic regression
coefficients for age of calving and lactation length;
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7. is a known design matrix of 0 and 1 relating elements of
uto elements vy,

u is an unknown column vector of random effect of
additive genetic effect of the ammals (cows, dams and
sires);

e 13 an unknown column vector of random effect of
residuals.

Under a no selection model the expectations of u and e are
null (Henderson, 1988):

y| | XB
Elul=| 0 @
0

Variance and covariance matrix between y, uand e is as
follows:

y] [V ZG®A R®I
Viu|= C®A 0 &
e R&®I

Where G, R and V are additive genetic, residual and
phenotypic matrices,
respectively. Matrix A (a symmetric matrix of additive

variance and  covariance
genetic relationships among ammals) 1s the Numerator
Relationship Matrix (NRM) of order N*N of ammals to be
evaluated. Also, V = ZGeAZ™Rel in which I is an

identity matrix. The symbol ® stands for Kronecker

product operator. The additive genetic variance-
covariance matrix of G is:
_gll ng g13 g14 ng glﬁ g17_
ng gZZ g23 g24 g25 gZﬁ gZT
By B B Bu Bi By By
Goa=|8a1 Bz 85 Bas Bas Bas Ea ©
gSl g52 g53 g54 g55 gSﬁ gST
gﬁl gﬁZ gﬁ:i g64 gﬁS gﬁﬁ gﬁ'?
7g71 g72 g73 g74 g75 g'fﬁ gTT

Where g with the same subscript (diagonals) denotes
additive genetic variance component (g;.g;,.....2-) and
with a different subscript (off-diagonals) denctes additive
genetic covarlance component between traits. Residual
variance-covariance matrix R is:
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Ty T Ty T4 Ts B Ty
G G T by Ty Ty Ty
Iy By Iy Ly Iy Iy Iy
Row =0y Ty Ty Ly Ty L Ty (10)
Ly G Ty Ty s Gy Ty
T To T Tu Tos T Ty
LI T T Ty by Ly I

Where r with the same subscript (diagonals) denotes
residual variance component (ry,,1,,.....I;) and with a
different subscript (off-diagonals) denotes residual
covariance component between traits.

In the Ammal Model used to estimate variance and
covariance components, design matrices were equal due
to having the same levels of fixed and random effects for
all traits. Variance and covariance components for
additive genetic (G) and residual (R) random effects
between traits were estimated by MTCAFS (or MTC)
programme (Misztal, 1994) using EMREMI. (Expectation
Maximisation REstricted Maximum Likelihood) algorithm
and canonical transformation. The EM-REML procedure,
as described by Misztal and Perez-Enciso (1993), needs
the first derivative of the residual likelihood for the
maximisation and it is computationally more demanding
than DFREML (Derivative Free REstricted Maximum
Likelihood) developed by Graser et al. (1987) procedure.
However, as all traits were available for all individuals
cows, design matrices for the fixed and random effects
were equal for all traits by which canonical transformation
would be feasible to convert multivariate analysis to a
series of corresponding univariate analyses (Meyer, 1989)
which could result in a less computational effort.

Genetic parameters were subsequently calculated
using REML estimated additive genetic and residual
variance and covariance components. Heritability (in
narrow sense) was obtained based on the following
equations (Falconer and Mackay, 1996):

Ve

an

(Heritability) h?

F

Where V, and V. are additive genetic (breeding
value) and phenotypic variances (equal to summation of
additive genetic and residual variances) of the
corresponding trait, respectively. To obtain phenotypic
and genetic comrelations between traits the followng
equations were also used:

(Phenotypic Correlation) 1, = Covexy (12)

OpXC Y
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Cov ,xy

{Additive Genetic Correlation) r, = (13)

O.XC,¥

Where Covgxy and Cov,xy are phenotypic and
additive genetic covariance between trait x and y, oxx and
0y are phenotypic standard deviations of the traits, 0,x
and o,y are additive genetic standard deviations of the
traits.

RESULTS

Based upon the estimated lactation curve parameters
as well as production characteristics obtained from the
fitted typical lactations (which had positive b and ¢
parameters), overall mathematical means for the traits
studied in the present research included a, b, ¢, PT, PY,
Per and M305 were 25.47,0.389 and 0.104 kg, 3.72 months,
29.02, 3.249 and 7448 kg, respectively.

Heritability estimates of the
parameters of Wood’s incomplete gamma function (a, b
and ¢), production characteristics (PT, PY and Per) as well
as 305 day milk yield are presented in Fig. 2. The pomt
estimates of the heritabilities of the lactation curve
parameters of Wood's incomplete gamma function ranged
from 0.03 to 0.10 indicating that there s no considerable
genetic vanation for the parameters a, b and ¢. Heritability
estimates of production characteristics were 0.10, 0.28 and
0.08 for peak time, peak vyield and persistency,
respectively. The heritability estimate of 0.29 was
obtained for 305 day milk yield.

Phenotypic and genetic correlation estimates among
the lactation curve parameters, production characteristics
and 305 day milk yield are presented in the Table 2 as
lower emd upper diagonals, respectively. From the results,
the genetic correlations between the first parameter of
Wood’s incomplete gamma function (a) and other traits
ranged from -0.09 to 0.84 and the corresponding
phenotypic correlations ranged from -0.54 to 0.67. For
the second parameter of Wood's incomplete gamma
function (b), genetic and phenotypic correlations ranged
from 0.03 to 0.64 and -0.31 to 0.86, respectively. The thurd
parameter of Wood's mcomplete gamma function (c)
had a high negative genetic correlation with persistency
(-0.72) and a very low positive genetic correlation with
peak yield (0.05). The range of phenotypic correlations
between parameter ¢ and the other traits was from -0.68 to
0.10. Peak time had positive genetic correlations with peak
vield, persistency and 305 day milk yield and ranged from
0.49 to 0.92 while 1ts phenotypic correlations ranged from
0.00 to 0.58. Although peak vyield had a negative
phenotypic (-0.11) correlation with persistency it was
positively genetically correlated this trait. A very high

lactation curve
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0.357
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PT
Trait

PY Per M305

Fig. 2: Multivariate REMI. estimates of heritability of
lactation  curve parameters, production
characteristics and 305 day milk yields for cows
calving at first parity

Table 2: Multivariate REML estimates of additive genetic (above diagonal)
and phenotypic (under diagonal) correlations among the lactation
curve parameters of Wood’s incomplete gamma function?,
production characteristics and 305 day milk vields using first
parity records

Trait a b c PT PY Per M305

a 1.00 0.11 016  -0.02 084  -0.09 0.74

b -0.51 1.00 0.64 041 0.44 0.03 0.37

c -0.19 0.86 .00 -041 005 -0.72 -0.14

PT -0.54 037 -0.04 1.00 0.49 0.92 0.64

PY 0.67 0.07 0.10 0.00 1.00 0.34 0.98

Per -0.27 -0.31 -0.68 0.58 -0.11 1.00 0.53

M305 0.56 -0.08  -0.20 0.18 0.91 0.23 1.00

Fitted as y, = at®(exp)~" for all monthly test day records of individual cows

genetic correlation (0.98) was revealed between peak and
305 day milk yields. Both genetic (0.53) and phenotypic
(0.23) correlations were positive between persistency and
305 day milk yield.

DISCUSSION

A sound knowledge of the lactation curve is an
important issue in dairy cattle breeding because the
pattern of how a cow produces milk over the lactation
course could determine a cow’s biological and economic
efficiency and enable dairy farmers to manage cows
according to their lactation characteristics (Grossman and
Koops, 1988; Tozer and Huffaker, 1999). Furthermore,
knowing the genetic relationship between lactation curve
traits, each ammal breeder would be able to select cows
based on performance records of the lactation course.

In this research, phenotypic and genetic parameters
of Wood’s mcomplete gamma function, production
characteristics and 305 day milk yields of first panty
Iramian Holstein cows were estimated by implementing
a multivariate Animal Model. Generally, low heritability
estimates were obtained for the parameters of Wood's
incomplete gamma function and peak time suggesting
that these traits were substantially influenced by the
envirormmental factors and genetic variation between cows
for these traits was low. This implies that direct selection
for the lactation curve parameters may not change the
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