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ABSTRACT
The aim of this study was to compare four models considering their fitting to average
lactation curve, their ability to predict individual curves and the biological interpretation of
their equation coefficients. A total of 550 lactations from 134 rabbit does (from 1st to 5th
lactation) were used. Four models were evaluated: quadratic function [QF; L = a + b·D +
c·D2], modified beta function [BF; L = k · (D/30)a · (1- (D/30))b], modified polynomial
function [PF; L = a + b·D – ½·D c] and gauss function [GF; L = k · ℮[-½·((D – m)/s)²]]. In the
models described, L denotes daily milk yield (g), D denotes the lactation day and a, b, c,
k, m and s are the equation coefficients. All the models presented a good fitting to the
average lactation curve (R2>0.97). QF, BF and PF showed better fitting values (RSME <
5.9 g/day) than GF (RSME = 8.3 g/day). Although the prediction of peak parameters was
acceptable with the different models, all of them tended to underestimate both milk yield
and day of maximum production. Respect to the ability to predict individual lactation
curves, the proportion of “poor” fits was only around 15% and similar for all the models.
The best values corresponded to BF (85% of the curves fit with R2>0.60) and worstones were obtained for GF (42% of the curves with R2>0.80). Changes on the height
and persistence of the curve result in changes on “b” and “c” coefficients of the QF and
PF, being badly interpreted. In addition, these models give low information about the
changes at the beginning of the lactation. In the case of BF, while changes in “a”
coefficient seem to be related with changes in the milk yield of does at the beginning of
the lactation, changes in “b” coefficient summarise the variations observed at the end of
the lactation. In conclusion, all the evaluated models showed a good fitting to the mean
and individual rabbit lactation curves. However, due to the greater independence and
biological interpretation of the modified beta function coefficients, this function seems to
a better model to analyse possible changes in the lactation curve shape of rabbit does.
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INTRODUCTION
In dairy species the study of models to predict the lactation curves is most frequent. In
those animals lactation curves have a wide variety of applications, such as extension of
incomplete records for use in genetic evaluations, formulation of rations, economic
evaluation of different management schemes, etc. (GROENEWALD, 1995). Although rabbit
is not dairy specie, the knowledge of milk yield and the lactation curve shape is very
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important to evaluate the performance of reproductive rabbit does, especially in nutrition
works (FERNÁNDEZ-CARMONA et al., 2001; XICCATO et al., 1995; MCNITT and LUKEFAHR,
1990; MOHAMED and SZENDRÖ, 1992).
Nutrition works usually report milk production data, but did not give information about the
lactation curve shape. Only few authors studied the lactation curve from the point of view
of modelling (LEBAS, 1968; MCNITT and LUKEFAHR, 1990; SABATER et al., 1993). Main of
them proposed a quadratic equation (y = a + bx + cx 2) to predict the daily milk yield,
which had a good fitting but with a poor biological interpretation. On the other hand,
important changes have been produced in the lactation curve shape during the last
years, as consequence of an earlier weaning (from 42 to 28 days) and the larger litter
size in the farms.
Therefore, the aim of this study was to compare four models considering their fitting to
average lactation curve, their ability to predict individual curves and the biological
interpretation of their equation coefficients.
MATERIAL AND METHODS
Lactation records
A total of 550 lactations from 134 New Zealand X Californian rabbit does (from 1st to 5th
lactation) were used. In order to obtain greater variability, does came from two different
genetic lines with different selection degree: H1 (n=67) and H2 (n=67), does were fed
with two diets with different energy content: M (n=68) and E (n=66) and data came form
does were at different physiological state: currently pregnant (n=193) or non-pregnant
(n=357). Litter size was standardized at birth (10 pups) and maintained during the whole
experimental period.
Mathematical models
Four models were evaluated: quadratic function, modified beta function, modified
polynomial function and gamma function. In the models described, L denotes daily milk
yield (g), D denotes the lactation day from parturition to 28th day (usual weaning) and a,
b, c, k, m and s are the equation parameters.
The first model proposed to describe the lactation curve of rabbit does was a quadratic
function (QF):
L = a + b·D + c·D2
where:
- a is the milk yield at D = 0 (intercept);
- b, c regulate the tendency of the curve;
- Dmax = -b/2c
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The second model proposed was a modified beta function (BF). As the definition interval
of the beta function is 0-1, and the rabbit doe lactation period usually arrives to 28-30
days, the model was modified dividing D by 30:
L = k · (D/30)a · (1- (D/30))b
where:
-

k regulates height of the curve;
a, b regulate the tendency of the curve;
Dmax = 30a/(a+b)

The third model was a modified polynomial function (PF) obtained as a combination of
the two previous models:
L = a + b·D – ½·D c
where, the equation parameters (a, b and c) have a similar interpretation than QF
parameters, being in this case Dmax = b – (c/2).
Finally, the last model proposed was the gauss function (GF):
L=k·℮
where:
-

[-½·((D – m)/s)²]

k regulates the height of the curve
s regulates the tendency of the curve
Dmax = m

Statistical Analysis
The analysis of the data was carried out with the statistical package of SAS (STATISTICAL
ANALYSIS SYSTEM INSTITUTE, 1990). The coefficients of the equations were estimated for
the average and individual lactation curves by a nonlinear regression procedure (PROC
NLIN), evaluating their accuracy in function of the root mean standard error (RMSE) and
determination coefficient (R2) values. Initial values for the coefficients were obtained
from a previous tentative (DE LA PUERTA, 2003).
RESULTS AND DISCUSSION
Prediction of average lactation curves
Table 1 shows the equation parameters obtained for the average lactation curve fitting
with the 4 evaluated models and the predicted lactation peak parameters.
All the models presented a good fitting to the average lactation curve (R2 > 0.97). QF,
BF and PF showed better fitting values (RSME < 5.9 g/day) than GF (RSME = 8.3
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g/day), and consequently any of them could be used to estimate the daily milk yield of
rabbit does. Similar results were just obtained by DE LA PUERTA (2003), where quadratic
and polynomial models (R2 = 0.97) presented a better fit than gamma function (R2 =
0.88).
Table 1: Estimated parameters for average lactation curve with R2, RSME and the
peak of lactation.
Parameters
mean (s.e.)
Eq.

a

QF 82.305
(3.546)
BF

b

c

k

m

22.164 -0.673
(0.564)

0.371

470.156

(0.014)

(0.014)

(10.746)

21.073

2.073

(0.440)

(0.007)

GF

s

R2 RSME (g/day)

day

269.75*

18*

0.985 5.813 263.91 17.65

(0.019)

0.489

PF 84.564
(3.335)

Peak of
lactation

0.986 5.648 261.22 17.06
0.985 5.804 266.61 16.71

268.661

16.654

(2.540)

(0.170)

12.326 0.970 8.300 268.66 16.65
(0.268)

* Mean real values.

On the other hand, although the prediction of peak parameters was acceptable with the
different models, all of them tended to underestimate both milk yield and day of
maximum production. This could be related to the asymmetry of the rabbit doe lactation
curve when weaning occurs at 28th day of lactation.
Prediction of individual lactation curves
Although rabbit does belongs to the same breed and have the same environmental
conditions, there were great differences in the milk yield and lactation curve shape as
consequence of the type of diet, parity order, genetic level and individual variability.
Therefore, besides of a good fitting to the average lactation curve, an adequate model
must present an adequate “goodness”, defined as their accuracy to predict the
maximum number of individual curves (OLORI et al.. 1999).
The “goodness” of the 4 models to predict individual lactation curves (Table 2) was
evaluated based on the criterion of OLORI et al. (1999): “Good” for R2>0.80; “Fair” for
0.80>R2>0.60 and “Poor” for R2<0.60.
The proportion of “poor” fits was only around 15% and similar for all the models.
However, the proportion of “good” fits varied between the models tested from 42 to 46%.
As also happen for the average lactation curve, the best values corresponded to BF
(85% of the curves fit with R2>0.60) and worst-ones were obtained for GF (42% of the
curves with R2>0.80).
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Table 2: “Goodness” of models to fit individual lactation curves.
R2 > 0.80

0.80 > R2 > 0.60

R2 < 0.60

Eq.

No.

%

No.

%

No.

%

QF
BF
PF
GF

240
255
243
231

43.64
46.36
44.26
42.0

227
212
224
237

41.27
38.55
40.80
43.09

83
83
82
82

15.09
15.09
14.94
14.91

Interpretation of the equation coefficients
Figures 1, 2 and 3 show the changes of the lactation curves shape when one of the
three parameter changes for QF, PF and BF, respectively.
As mentioned above, the coefficient “a” of QF and PF give information about the milk
yield at day “0”, and consequently is related to the initial point of the curve. Fixing the
other parameters (Figure 1 and Figure 2), changes in both “b” or “c” coefficients of these
functions seems to be related to differences in the height of the curve and to the
persistence of the milk yield (second half of lactation). Therefore, changes on the height
and persistence of the curve usually affect both parameters, being badly interpreted. On
the other hand, these functions give us low information about the changes at the
beginning of the lactation.

Figure 1: Changes in “b” and “c” coefficients of the quadratic function for the
lactation curve of rabbit doe.
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Figure 2: Changes in “b” and “c” coefficients of the modified polynomial
function for the lactation curve of rabbit doe.
In the case of BF, the “k” coefficient regulates the height of the curve, although changes
on “a” or “b” for “k” constant could also change slightly the height (Figure 3). However,
while changes in “a” coefficient seem to be related with changes in the milk yield of does
at the beginning of the lactation, changes in “b” coefficient summarise the variations
observed at the end of the lactation. Therefore, the changes in height and shape of the
rabbit lactation curve could be better interpreted from the variations observed in the BF,
due to the higher independence of its coefficients.

Figure 3: Changes in “a” and “b” coeffcients of the modified beta function for the
lactation curve of rabbit doe.
In conclusion, all the evaluated models showed a good fitting to the mean and individual
rabbit lactation curves. However, due to the greater independence and biological
interpretation of the modified beta function coefficients, this function seems to a better
model to analyse possible changes in the lactation curve shape of rabbit does. More
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information about the ability of these coefficients to reveal differences on rabbit doe
performance would be useful in the future.
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