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Abstract
Investigation of data quality was done through fitting the incomplete gamma function to
lactation curves on a sample of 18053 lactations with test-day records of 7032 HolsteinFriesian cows. These cows are from four production sectors, the state herds (OTD), the
cooperative herds (UCPA), the groups of private investors’ herds (SMVDA), and the farmers’
herds. After editing 8640 records remained. The effects of production sector, herd, parity, first
test-day date, calving year, calving season, and the length of lactation on lactation curve traits
were analysed. The factors associated with milk yield at the beginning of lactation and the
decreasing phase of the curve, persistency, and peak yield varied significantly (P<0.01) with
all variables. The state herds had the lowest peak and total yields. The summer season was
unfavourable for milk production. Third lactation cows had the highest peak and total yields.
Around 25% of the lactation curves were atypical (a<0 or b<0). Seven factors were
significantly associated (p<0.01) with the occurrence of atypical lactations.
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lactation curves. The incomplete gamma
function (IG) was relatively powerful in fitting
observed daily yields (Wood, 1967; Scott et
al., 1996; Tekerli et al., 2000; Vargas et al.,
2000). Fitted lactation curves are useful in
orienting herd management and extending
partial records. The objectives of this study are
to assess production data quality and to study
the factors that affect milk yield production
throughout the length of lactation.

Introduction
Breeding programmes are based on AI and on
an official A4 national recording system since
the early 1960’s in Tunisia. In the absence of a
national genetic evaluation, the rationale for a
within herd breeding decision varies with the
herd owner. There are four types of herds, the
state herds (OTD), the cooperative herds
(UCPA), the groups of private investors’ herds
(SMVDA), and the farmers’ herds. Completed
milk yield lactation records, test-day milk yield
or cow milk yield index in few herds are tools
for culling cows while proofs of foreign bulls
are used to select sires.

Materials and Methods
A sample of 18053 lactation records of 7032
Holstein-Friesian cows was provided by the
National Center for Genetic Improvement at
Sidi Thabet (OEP), Tunis. The incomplete
gamma function (Wood, 1967) was used to fit
lactation curves in four types of herds. An

A cow production during a lactation length
of 305 days is subject to variation (Grossman
et al., 1986; Tekerli et al., 2000). Various
mathematical functions were used to describe
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atypical lactation has either a negative b or c.
Persistency, peak yield, and DIM at peak yield
were calculated (Tekerli et al., 2000). The
effects of production sector, herd, parity, first
test-day date, calving year, and calving season
on the curve traits of typical curves were
analysed by a general linear model. The
logistic regression technique (Agresti, 1990)
was used to evaluate the effects of the above
factors in addition to times of milking per day
on the probability of occurrence of atypical
curves.

2. Factors affecting the shape of lactation
curves
The least squares means of level effects and
the coefficient of regression on DIM at first
test-day are in Table 1. All factor effects were
highly significant (P< 0.01) on a, c, peak yield,
persistency, and total yield through 305 DIM.
While b seems not to depend on the lactation
number and the calving year. DIM at peak
yield varied only with parity. The high level of
significance of model effects on most of the
lactation curve traits suggests major
differences in management between and within
production sectors and also important annual
climate changes in Tunisia. Total and peak
yields were the lowest for the summer season
when feeding resources are limited and the
heat stress effect is important. First lactation
cows have the lowest total and peak yields but
the highest DIM at peak and persistency. On
the other hand, this data show that third parity
cows have the highest total and peak yields but
the lowest DIM at peak and persistency .

Results and Discussion
1. Lactation curves
The IG was a good fit for the mean lactation
curves across cows in the four types of herds.
The coefficient of determination from non
linear regression ranged from 92% to 95%.
Fitted mean lactation curves of first and later
lactations are typical curves. Individual curves,
however, revealed atypical curves. The
percentage of atypical curves ranged from 15%
to 42%. These curves were more frequent in
the OTD and UCPA herds than in other herds.
The mean absolute error ranged from 1.5 kg to
3.24 kg. Lactation curve traits show that first
lactation cows produce lower yield than older
cows in the beginning of the lactation and were
as expected more persistent. Multiparous cows
on the other hand reach their peak of
production earlier in the lactation than first
parity cows. Lactation curves in the four types
of herds were different. Those differences were
consistent in first and greater lactations. Cows
in the SMVDA herds had the greatest peak
yield among all cows in the different
production sectors.

There were 1634 atypical lactations from a
total of 6495 lactations (25.2%). Atypical
curves with a negative b were frequent
(68.4%). Cows in the SMVDA and farmers’
herds were more likely to have typical curves
than cows in other herds. In the second
lactation, the probability of occurrence of
atypical curves was 20% greater than the
probability of observing typical curves.
Atypical lactations increased with calving year
and the DIM at first test-day. Cows in the
SMVDA and farmers’ herds are more likely to
produce milk yield at their potential. Changes
in rations are frequent due to the lack of
roughage in the second half of the spring
season. In the summer season, herd conditions
are aggravated by the heat stress and resulting
health disorders.
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The main factors, calving year, calving
season, farm operation, and rank of lactation
do affect not only the total milk yield but also
the rate of milk production throughout the
length of lactation, i.e., the shape of the
lactation curve. Frequent changes in ration’s
quantity and quality as well as physiological
and health troubles related to harsh
environmental conditions may lead to atypical
lactations.
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Means of variable levels with different superscripts for each lactation curve trait are significantly different (p<0.05).
b –ct
Modeled as :Yt = a t e , where Yt = milk yield on day t, a= a factor to represent yield at the beginning of lactation, and b and c are factors associated
with the ascending and decreasing phases of the lactation curve.
2
Peak yield calculated as: a(b/c) be-b .
3
Persistency calculated as: -(b+1)*Ln (c).
4
DIMP: DIM at peak yield calculated as: (b/c).
5
* P<0.05.
** P<0.01

a, b, c , d

DIM at first
test-day

Variable
Sector:
SMVDA
OTD
UCPA
Farmer
Parity
1
2
3
4
Season
Fall
Winter
Spring
Summer

Table 1. Least square means for variable levels effects and linear regression coefficient for lactation curve1 traits of
Holstein-Friesian cows in Tunisia.
Lactation curve1 trait

