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ABSTRACT

Non-linear Logistic, Gompertz and Richards growth curve models were fitted to the
data from Simmental x Southern Anatolian Red (SAR) crossbred cattles. Individual
growth curves were fitted based on live weight measurements, and then general growth
curves were obtained for all the models.

In addition, Bernstein basis polynomials have played important roles in
nonparametric curve estimation. Therefore, Bernstein polynomial approach was used to
model the growth curve in the current data. We determined the accuracy of the models by

using coefficient of determination (R2 ), mean square error (MSE) and iteration number
together.

In summary, the most suitable model based on the accuracy criteria was Bernstein
model. Among the well-known growth curves, Logistic, Richards and Gompertz were
ordered respectively.
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1. INTRODUCTION

Body sizes of an individual change during growing. Because of the differential
growth of the particular body parts, the shape of an organism (its proportions) changes as
well. Unfortunately, one cannot measure continuously most of these growth processes.
Therefore, it is preferable to model body measurements by mathematical growth
functions. This gives one the opportunity to interpolate to non-observed intervals.
Measurements of growth can be analyzed with respect to time (age) or to body weight
using growth models (Sengiil and Kiraz, 2005). Growth models can predict the biological
characteristics of an individual, and parameters of growth models can describe lifetime
growth. Also, growth models can determine optimum feeding regime, optimum age at
slaughter and the effects of selection on growth curve parameters or body weight at any
stage of life (Akbas and Oguz, 1998).

The use of Bernstein polynomial approach in addition to known methods in the
estimation of dependent variable values is an important development in theory. At the
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1912, S. Bernstein firstly introduced algebraic polynomial which approximates to a
continuous function defined on closed interval via Weierstrass theorem. Bernstein basis
polynomials have played important roles in nonparametric curve estimation. Bernstein
polynomials are particular polynomials that form a basis for the space of polynomials.
The value of the polynomial is then bounded by the values of the minimum and
maximum Bernstein coefficients. The direct formula allows symbolic computation of
these Bernstein coefficients giving a supplementary interest to the use of this theory.
Another main interesting consequence is that the involved computations have quite low
complexity. Moreover an appropriate instrumentation of this model allows automatic and
inexpensive resolutions of complex program analysis issues (Tenbusch, 1997; Smith,
2009).

In the current study we intend to estimate general growth curve models of Simmental
x SAR crossbred cattles using different non-linear growth functions. Also, Bernstein
polynomial model was used to predict the values of dependent variable.

2. MATERIALS AND METHODS

The data were obtained from a project which was supported by The Scientific and
Technological Research Council of Turkey (Project Number VHAG-950). The study was
carried out at Ceylanpmar State Farms. SAR cows were reared in Ceylanpinar State
Farm. A total of 52 female Simmental x SAR FxB, crossbred was used in the current

study. The birth weights of calves were taken before they were placed in the hutches.
Live weights were taken monthly until the animals were 6 months of age. Then live
weights were taken 90 days periods until 18 months of age. Some findings of this project
were reported (Ertugrul et al. 1999).

We estimated individual growth curves using Gompertz, Logistic and Richards
growth models for each cattle. Then, median values of the predicted parameters of the
models were used to obtain general growth curves. Median values of the growth model
parameters were substituted into the equation given below to estimate live weights in
each model. The studied growth models and Bernstein polynomial model are as follows:

Gompertz f(x)=ae {7[367“} ,

o

Logistic y=—,
1+Be™

1
Richards cy=afl+(-Dpe™ ]%75 ,

Bemnstein  : j(x) = X"_ 3= C(n—k, j)C(n, k) y; x"~/

where y is observed weight at age x, expressed in days, y(x) is predicted weight at age
x, o, P, x and & are parameters of non-linear growth models (Seber and Wild, 1989).
The criteria for the accuracy of the models used for the description of the growth were

coefficient of determination (Rz), mean square error (MSE) and iteration number
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together (Oliveira et al. 2000; Hassen et al. 2004). All calculations were performed using
NCSS and SPSS. The related growth models can be obtained from the special solutions
of the following differential equation:

2'(t)=g(z)[ h(a)-h(z)] 2.1)
where h and g are increasing functions which satisfy g(0)=h(0)=0.
Also z'(f) >0 must be satisfy when ¢—>o and ¢t——oo. Gompertz model is

achieved from the equation (2.1). While A(z)=Inz and g(z)=czare selected,
the differential equation will be z'(f)=cz(t) ln(ot/z(t)) , ¢>0, a>0. The

solution of this equation is z(f) = exp [—C exp (—ct)} ,  Gompertz model.
Where CeR is the integral constant. The most general form of growth
models is Richards. When Ah(z)=:z"", g(z)=c(m—-1)"a "™z are opted, the

equation will be z'(t)=c(m—l)_locl_mz((x m_l—zm_l), the solution of which

. _ pet/(m-1) m—1 m—1 1/(m-1) .
is z()=C o’ -z , m #1. This model can be arranged as

1/(m—-1

2(t) = [1+ Cexp(—ct) ] " (Seber and Wild, 1989).

3. RESULTS

Growth model parameters for each model are tabulated in Table 1. Table 2

summarizes the results of the criteria (the values of R*, MSE and iteration number) for
the accuracy of the models. All growth models and Bernstein model have considerably
high (greater than 99%) values. If the growth models were arranged from greater to lesser

R* values, we would obtain the following sequence: Bernstein polynomial model
[0.999], Logistic [0.997], Richards [0.997] and Gompertz [0.994], respectively. o
parameters of Logistic, Gompertz and Richards models were estimated as 540.429, 630
and 574.402, respectively.

The models may be ranked based on their MSE values as Bernstein polynomial model
[30.97], Logistic [64.629], Richards [78.077] and Gompertz [110.593], respectively.

Among the models, the lowest iteration number was noted for Gompertz model, the
other models from lesser to greater iteration number values were Logistic, Richards and
Bernstein models, respectively.

The growth model parameters given in Table 1 were substituted into the equations
given before to estimate live weights in each model as shown in Fig. 1. The predicted
general growth curves estimated from median growth curve parameters of each model are
given in Fig. 1. As can be seen in the figure, all growth curves show sigmoid growth
patterns.



512 Bernstein polynomial approach against to some frequently used......

4. DISCUSSION

In the present study, our focus is not to obtain individual growth curves. The objective
of the present study is to fit general growth curves using median growth curve parameters
of each model. When considering Logistic, Gompertz and Richards models, «
parameters were similar. a and B parameters obtained from all models were different.

Many studies (Oliveira et al. 2000; Hassen et al. 2004) have interpreted the biological
significance of the parameter estimates of growth models. In contrast, we especially
investigated the prediction performance of the studied growth models and Bernstein
polynomial model based on the defined accuracy criteria in the current study.

Among all growth curve models, Logistic model seemed to be the best model
describing the growth pattern regarding model selection criteria (i.e., coefficient of
determination, mean square error and iteration number together). Richards model had

higher R? and smaller MSE values than Gompertz model. Additionally when regarding
performances of the Richards and Gompertz models, each model performed well in this
study.

In addition, when compared Bernstein model with the growth curve models,
Bernstein model is the fittest model based on the defined accuracy criteria.

The wvariations in the growth parameters of the models could be attributed to
differences in the model properties. Generally, geographic location, different
environmental conditions, species, age and sex can also affect the values of growth
parameters (Hassen et al. 2004). Also, variation among breeds of cattle for production
characteristics can be attributed to genetic and environmental causal components (Jenkins
et al. 1991). Therefore, these conditions should be considered when the growth of
different individuals is modeled.

Genetic potential of an animal may be explained by heritability estimates of growth
curve parameters and phenotypic/genotypic correlations among growth curve parameters
(Jenkins et al. 1991). For genetic selection purposes, it can be made use of heritability,
phenotypic and genotypic correlations among growth curve parameters.

R? estimated for Logistic model is higher than those (0.91 and 0.90 based on pooled
data) and is similar to that (0.99 based on individual animal regression) found by Hassen
et al. (2004) for Angus bulls and heifer. Oliveira et al. (2000) obtained a growth pattern
for 573 females Guzerat beef cattle through five non-linear models: Brody, Bertalanffy,

Logistic, Gompertz, and Richard. Their R? values for the five models are smaller than
those found in the present study for three models. Iteration number values in this study
are higher for Logistic model than the value reported by Oliveira et al. (2000), and are
smaller for Gompertz and Richard models than those reported by Oliveira et al. (2000).
R? values in Gompertz, Logistic and Richard models reported by Behr et al. (2001) for
Belgian Blue males/females cattle are smaller than the results achieved from this study.
Enevoldsen and Kristensen (1997) developed seven regression models for data from 972
observations of 554 dairy cows. The R* values estimated in their study are smaller than
the values in the current study.
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Many studies (Quirino et al. 1999; Lambe et al. 2006) reported similar results using
the models studied in this study or different models. The results of the studied models
points out significant relationship between age and live weight. Previous studies (Perotto
et al. 1992; Matthes et al. 1996) of growth curves in cattle reported that Richards was the
most appropriate model fitted to data studied. However, based on the results of the
present study, the best fitted model is Logistic, but Richards model also has a good
performance in accordance with previous studies mentioned above. Similarly, Beltran et
al. (1992) described and compared the growth patterns of Angus cows using Richards and
Brody growth functions. The authors found that Brody model gave better estimates than
Richards model. The findings of the reported studies suggest that each growth model may
have different performance on the explanation of the growth. An alternative approach to
growth curve models may be artificial neural networks (ANNs). Roush et al. (2006)
compared Gompertz and neural network models of broiler growth. They reported that
Gompertz growth model was fit for the data; nevertheless, ANNs produced the lowest
bias, mean square error and mean absolute deviation.

The polynomial approach can be used to model the growth curve. Since the use of
polynomial approach in growth curves has not frequently been used, this situation will be
changed with the use of Bernstein polynomial approach in regression models (Bruce and
Song, 1999). The application of Bernstein polynomial approach in regression modeling is
so difficult owing to need of computing time and memory which grows exponentially
with the number of variables. However, this approach gives good results in the estimation
of dependent variable values. But, large sample sizes are required to minimize mean
square error in this approach. In the application of Bernstein model in the current data,

we estimated the smallest mean square error and the highest R? values. Some advantages
of Bernstein model for the analysis of multivariate polynomials are that it generally more
accurate than classic interval methods, and it handles any multivariate polynomial
without restriction (Delgado and Pena, 2003). Giircan and Colak (2009) investigated the
well-known growth curves together with Bernstein polynomial functions and concluded
that Bernstein polynomial model gives lower error than the well-known growth curves.

Finally, the most suitable model based on the accuracy criteria was Bernstein model.
Among the well-known growth curves, Logistic, Richards and Gompertz were ordered
respectively.

REFERENCES

1. Sengiil, T. and Kiraz, S. (2005). Non-linear models for growth curves in large white
turkeys. Turk. J. Vet. Anim. Sci., 29, 331-337.

2. Akbas, Y. and Oguz, 1. (1998). Growth curve parameters of lines of Japanese quail
(coturnix coturnix japonica), unselected and selected for four-week body weight.
Arch. Gefliigelk., 62, 104-109.

3. Tenbusch, A. (1997). Nonparametric curve estimation with Bernstein estimates.
Metrika, 45, 1-30.

4. Ertugrul, O., Alpan, O., Umay, M., Bilki, A. and Bulmus, S. (1999). Improvement of
beef production traits of southern anatolian red cattle through crossings with
Simmental sires. Veterinarski Arhiv., 69(1), 17-28.



514 Bernstein polynomial approach against to some frequently used......

5. Seber, G.A.F. and Wild, C.J. (1989). Non-linear Regression. John Wiley and Sons
Inc. New York.

6. Oliveira, HN.DE, Lébo R.B. and Pereira, C.S. (2000). Comparacdo de modelos nao-
lineares para descrever o crescimento de fémeas da raga guzera. Pesq. agropec. bras.,
35(9), 1843-1851.

7. Hassen, A., Wilson, D.E. and Rouse, G.H. (2004). Use of linear and non-linear
growth curves to describe body weight changes of young Angus bulls and heifers.
Iowa State University Animal Industry Report.

8. Jenkins, T.G., Kaps, M., Cundiffl, L.V. and Ferrell, C.L. (1991). Evaluation of
between- and within-breed variation in measures of weight-age relationships.
J. Anim. Sci., 69, 3118-3128.

9. Preez, J.J. Du., Jarvis, M.J.F., Capatos, D. and Kock, J. De. (1992). A note on growth
curves for the ostrich (Struthio camelus). Anim. Prod., 54, 150-152.

10. Behr, V. De, Hornick, J.L., Cabaraux, J.F., Alvarez, A. and Istasse, L. (2001). Growth
patterns of Belgian Blue replacement heifers and growing males in commercial farms.
Livest. Prod. Sci., 71, 121-130.

11. Enevoldsen, C. and Kristensen, T. (1997). Estimation of body weight from body size
measurements and body condition scores in dairy cows. J. Dairy Sci., 80, 1988-1995.

12. Quirino, C.R., Bergmann, J.A., Vale Filho, V.R., Andrade, V.J. and Pereira, J.C.
(1999). Evaluation of four mathematical functions to describe scrotal circumference
maturation in Nellore bulls. Theriogenology, 52(1), 25-34.

13. Lambe, N.R., Navajas, E.A., Simm, G. and Bunger, L. (2006). A genetic investigation
of various growth models to describe growth of lambs of two contrasting breeds. J.
Anim. Sci., 84(10), 2642-54.

14. Perotto, D., Cue, R.I. and Lee, A.J. (1992). Comparison of nonlinear functions for
describing the growth curve of three genotypes of dairy cattle. Can. J. Anim. Sci., 72,
773-782.

15. Matthes, H.D., Rudolph, P.E. and Herrendorfer, G. (1996). Characterization of
growth of beef cattle breeds with growth functions. Arch. Tierzucht., 39, 121-127.

16. Beltran, J.J., Butts, W.T. Jr., Olson, T.A. and Koger, M. (1992). Growth patterns of
two lines of angus Calve selected using predicted growth parameters. J. Anim. Sci.,
70, 734-741.

17. Roush, W.B., Dozier, W.A. 3rd, and Branton, S.L. (2006). Comparison of Gompertz
and neural network models of broiler growth. Poult Sci., 85(4), 794-7.

18. Bruce M. Brown and Song XI Chen (1999). Beta-Renstein smoothing for regression
curves with compact support. Scandinavian J. of Stat. 26, 47-59.

19. Delgado J. and Pena J.M. (2003). A linear complexity algorithm for the bernstein
basis. In IEEE Int. Conf. on Geometric Modeling and Graphics (GMAG’03), 162-167.

20. Giircan M. and Colak C. (2009). The polynomial approach in growth curves. Tiirkiye
Klinikleri Journal of Biostatistics, 1(2), 54-58.

21.Smith A.P. (2009). Fast construction of constant bound functions for sparse
polynomials. J. Global Optimization, 43, 445-458.



Giircan, Colak and Orman 515

Table 1:
Growth model parameters for Simmental x SAR crossbred cattles
F1xG; (n=52)
Model Parameter Xso Sx,,
a 540.429 20.908
Logistic B 13.224 0.583
K 0.009 2.788E-04
a 630 18.476
Gompertz B 3.089 0.060
K 0.004 1.425E-04
a 574.402 11.982
. p 6.499 1.131
Richards " 0.008 4.266E-04
o 1.532 0.096

X5y : Median value, Sy_ : Standard Error (SE) of estimates; o, f8,

k and & are model parameters.

Table 2:
Results of the criteria for the accuracy of the models
Criteria Model Xso
Logistic 64.629
MSE Gompertz 110.593
Richards 78.077
Logistic 0.997
R Gompertz 0.994
Richards 0.997
Logistic 13
Iteration Number Gompertz 6
Richards 15
Criteria Model Estimation
MSE ) 30.97
I Bernstein 0.999
Iteration Number 32

X5, : Median value; MSE: Mean Square Error; R?: coefficient of determination
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Fig. 1: Growth Curves for Simmental x SAR crossbred cattles
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