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ABSTRACT - The objective of this study was to analyze the effect of environmental factors on egg production curve traits 
in broiler breeders. The weekly egg production records of birds collected from four different flocks were used to estimate the
egg production curve parameters using the Compartmental function (y = A(1 − exp−b(t − d))exp−ct). The coefficient of determination
(R2) obtained by the model was 0.98. Least squares analysis of variance indicated that the environmental factors such as 
hatchability and flock had significant effects on egg production curve traits. The highest correlation was observed between the
weekly potential maximum yield and yield at the beginning of laying, whereas the lowest correlation was found between the 
weekly potential maximum production and production after peak yield. Associated factors with the increasing slope of egg 
production curves had a negative correlation with the decrease after peak. The correlation analysis showed that peak production 
had a negative and significant relationship with production towards peak and time to reach peak production, while there was
a positive and significant correlation with the slope decrease after peak yield. The Compartmental function can be used as an
alternative model to predict egg production traits in broiler breeders. 
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Introduction

The rate of egg production is the most important trait in 
layers because it determines the number of eggs produced 
in a given period. Many other factors, such as egg weight, 
shell integrity, and egg quality are also significant due to
their contribution to the economic and market value of 
eggs produced. In this regard, one of the main concerns 
for poultry producers is how to best define egg production
rate as a selection trait. The rate of egg production changes 
over time and can be represented in terms of a “production 
curve”. The shape of the curve is defined by the following
stages: sexual maturity (which marks the onset of 
production), followed by a stage of increasing production 
to a maximum; a peak production, followed by a steady 
decline of egg production; and persistency of production 
(Fialho and Ledur, 1997; Grossman and Koops, 2001; 

Gerben, 2006). Some factors influencing egg production
are: body weight (Alvarez and Hocking, 2007; Selvaggi 
et al., 2015); environmental rearing conditions (i.e., 
temperature and humidity) (Heier and Jarp, 2001; Abad, 
2003; Elijah and Adedapo, 2006), especially thermo-
neutral or comfort zone for birds (Lal et al., 2003; Peebles 
et al., 2006); bacterial and viral diseases (Spedding, 1988); 
and nutritional balance (Gavora et al., 1982; Flores, 1994; 
Hester, 2005; Rozenboim et al., 2007).

In modern layers, the production rate almost reaches 
its maximal biological potential (i.e., one egg/hen per 
day) during peak production; however, some variations 
exist among birds during this stage. Moreover, several 
environmental factors are well known to influence the
hatchability, such as storage length and conditions, hen 
age, and egg quality (Gumulka et al., 2010); also, genetic 
factors influence directly or indirectly the egg production
(Liptoi and Hidas, 2006; Yegani and Korver, 2008). 

The use of mathematical models in animal production 
allowed researchers to describe and understand the 
biological processes and to evaluate the response variable 
effects. The purpose of modeling the egg production curve 
in poultry is to achieve a more detailed analysis of egg 
production cycle and to describe the curve phases and 
duration (Fialho and Ledur, 1997; Fialho et al., 2001). 
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However, the efficiency and accuracy of the different
available equations depend on the quality of information 
incorporated into the model (Bindya et al., 2010). In 
a recent review paper, Narinc et al. (2014) reported 
that the majority of the available works utilizing the 
Compartmental model are in pharmacokinetic studies 
aiming to estimate drug concentrations in compartments of 
living systems after administration by tablet or inoculum 
(McMillan, 1981). McMillan et al. (1970a,b) suggested the 
use of Compartmental model to describe egg production 
in Drosophila spp. Later, Timmermans (1975) indicated 
that the Compartmental model fitted well also for egg
production data in poultry. Therefore, the objective of 
this study was to analyze environmental factors, such as 
hatchability and flock, influencing egg production curve
parameters in commercial-type broiler breeders using the 
Compartmental function.

Material and Methods

This experiment was conducted in a poultry farm in 
Rasht, Iran (37°16'50" N, 49°34'59" E). The initial data 
set consisting of 6,773,396 egg production records was 
obtained from a local commercial broiler breeder flock
(Ross 308-Iran) during early egg production from 2013 to 
2015. The number of eggs (egg/hen/day) was individually 
recorded with the onset of sexual maturity (week 24) until 
64 weeks of age. The weekly number of eggs was calculated 
and used for analysis of egg production curve.

To describe the egg production curve and the associated 
production characteristics, the Compartmental function was 
applied in this study (McMillan et al., 1970a,b; McMillan, 
1981; Mashaly et al., 2004). 

The following function was used in this respect:
                            Yt = a(1− exp−b(t − d))exp−ct ,   (1)
in which d is the yield at the beginning of egg laying, a is 
the potential maximum weekly output of eggs, b is the rate 
of increase in egg laying, and c is the rate of decay of egg 
production. 

The time required to reach peak yield (Tmax) was 
estimated as the ratio of d+(1/b)ln[(b+c)/c] and the peak 
yield (Ymax) using following formula:
                      Ymax= [abc(c/b)]/ecd(b+c)(1+(c/b))                      (2)

This model is under the influence of two components.
Initially, the rate of production is increasing rapidly 
according to the component a(1-e−b(1−d)); this function 
increases asymptotically to a. Other factors cause the 
production to decline and correspond to the component of 
decrease ect the dominant component after egg production 
has reached its maximum value. 

The parameters of Compartmental function were 
estimated for individual hen by applying the non-linear 
Guess-Newton iteration method of SAS software 
(Statistical Analysis System, version 6.18). A fixed linear
model was fitted on estimated egg production curve
parameters and production characteristics to analyze 
the effects of environmental factors including flock and
hatchability. Least squares analyses of variance were 
undertaken using of the GLM procedure of SAS. 

The model was as follows:
                 Yij = Hatchi + Floj + Hatchi × Floj + eij,            (3)
in which Yij is the dependent variable (egg production curve 
traits), Hatchi is the effect of hatchability (i = 1, 2, 3, 4), 
Floj is the effect of flock (j = 1, 2, 3, 4), Hatchi × Floj is the 
interaction effects, and e is the random residual with an 
expected value of 0 and a variance of e2.

Results and Discussion

The coefficient of determination (R2) was equal to 
0.98, which indicated that Compartmental function has an 
good ability to evaluate egg production curve with high 
accuracy (Table 1). This is clearly illustrated also in the 
Figure 1, where the observed production data curve was 
compared with the predicted value curve estimated by the 
Compartmental model. The means of estimated parameters 
obtained fitting the individual egg production curves were
not equal to the parameters obtained fitting the mean of
these curves. This is because the models used to fit data
were non-linear, and the curves were not synchronized. 
The Compartmental function has been used to describe the 
egg production for groups of hens that are synchronized for 
age at the first egg (Gavora et al., 1971; Cason and Britton, 
1988; Thomas et al., 1994). The range of R2 values in the 
present investigation was in agreement with the findings of
previous trials that adopted different models in layer-type 

Table 1 - Means and standard deviation of egg production curve 
parameters

Parameter1 Mean Standard deviation

a 7.44 1.42
b 0.047 0.04
c 0.188 0.22
d 0.802 0.005
Ymax* 5.12 0.98
Tmax** 33.0 -
R2 0.989 -

Tmax - time required to reach peak yield; Ymax - peak yield; R2 - coefficient of
determination.
1 Modeled as: yt = a(1−exp−b(t − d))exp−ct, in which yt is the egg production on 

week t, a is the potential maximum weekly output of eggs, b and c are factors 
associated with the inclining and declining slope of the egg production curve, and d 
is the parameter representing yield at the beginning of egg laying.

* Peak yield calculated as: [abc(c/b)]/ecd(b +c)(1+(c/b)).
** Time required to reach peak yield calculated as: (d+(1/b)ln[(b+c)/c]).
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birds: Gavora et al. (1982) applied McMillan’s model (97%) 
and Cason and Britton (1988) applied the Compartmental 
model (95.2%). The R2 values in the present study were also 
comparable with previous findings of Murthy (1998) for
Linear and Reciprocal model (71.4-91.8%) and Hyperbola 
(83.9-96.1%) for egg production in laying-type chickens. 
Thomas et al. (1994) and Lal et al. (2003) identified the
same models, viz., Rational Function and Quadratic Fit, to 
fit well to the flocks of laying-type chickens with similar R2 
values as obtained in our study.

All analyzed traits were significantly affected by flock
(P<0.01), and this was not unexpected since it is the 
outcome of differences in body weight of birds and age at 
sexual maturity (Table 2). The hatchability factor and bird 
age at the time of egg collection significantly influenced 
d and Ymax parameters, which are related to the time of 
start of egg production and yield at peak production. This 
last factor had no effects on the other parameters of egg 
production curve, which might be due to the limitation in egg 
collection interval. Poultry growth curve studies have shown 
that bird line and sex are important factors affecting the 
curve parameters (Mignon-Gasteau, 1999). In addition, Ahn 
et al. (1997) reported that using logistic function in turkeys, 
sex had a significant effect on growth curve parameters.

Hatchability had a significant effect on the traits
evaluated in the current study, and this result is in agreement 

with previous findings obtained by Ahn et al. (1997). The 
interaction between hatchability and flock significantly
affected (P<0.001) all evaluated traits, with the exception of 
Ymax parameter, which is associated with peak production.

The first hatchability had the highest Tmax, b, and d 
parameters (Table 3). The lowest Tmax value was obtained 
at the fourth hatchability. The lowest c value (the decrease 
after peak yield) occurred in the first hatchability. These
results revealed that the lowest rate of production at initial 
egg laying occurred during the third hatchability. The 
parameter b, which is associated with production increase 
towards peak yield, did not change in relation to hatchability. 
The highest and the lowest peak yields were observed at 
the second and fourth hatchabilities, respectively. Nofal 
and Enany (2005) found that egg number and hen-day 
percentage were significantly decreased by advancing
production interval after 40 weeks of age in Mamourah 
laying hens.

Results showed that parameter a, which is associated 
with the potential maximum weekly production, was 
negatively correlated with c value, while it was positively 
correlated with b, d, and peak time (Table 4). The correlation 
analysis also revealed that the increased production towards 
peak yield had a positive correlation with the decrease after 
peak. Thus, birds that quickly reach peak production will 
rapidly decline egg production. Negative correlations were 
found between the parameters related to the production 
increase before peak and peak yield, indicating that birds 
with higher slope to peak production will have more egg 
production at peak. The parameter c, which is associated 
with the decrease after peak yield, had negative correlations 
with a value, but it was positively correlated with the other 
evaluated parameters. Phenotypic correlation between the 
slope and time to reach peak production was significantly
positive (P<0.001), indicating that birds reached the peak 
production more quickly. Therefore, the Compartmental 
function was successfully used to simulate population and 
production dynamics in analyzed data according to the 
present study. 

Variable
Egg production curve trait1

Tmax
2 Ymax

3

a b c d

Flock (F) 72.90** 1.88** 0.013** 0.87**   169.70** 83.20**
Hatchability (H)                                               9.02ns 0.22ns 0.001ns 0.53* 18.29ns 13.43**
H × F 16.60* 0.23ns 0.002** 0.25** 24.75** 4.33**
Residual 11.20 0.12 0.001 0.07 9.51 1.30
ns - not significant.
1 Modeled as: yt = a(1−exp−b(t − d))exp−ct, in which yt is the egg production on week t, a is the potential maximum weekly output of eggs, b and c are factors associated with the 

inclining and declining slope of the egg production curve, and d is the parameter representing yield at the beginning of egg laying.
2 Time required to reach peak yield calculated as: (d+(1/b)ln[(b+c)/c]).
3 Peak yield calculated as: [abc(c/b)]/ecd(b+c)(1+(c/b)).
* P<0.05.
** P<0.01.

Table 2 - Mean squares of variables from ANOVA for egg production curve traits

Obs - observed data; CM - estimated data.

Figure 1 - Fitting of the Compartmental function to egg production 
curve.
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 Conclusions

The Compartmental function can be used as an 
alternative model to predict egg production of broiler 
breeders.
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