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Summary

In the present work it was attempted to model brodghicken growth using Statistica 9.1.
Chicken body weight was measured at 7 day interfrals 7 to 49 days of age. The calculations
included 21 production cycles of a selected comiaktime of broiler chickens. Parameters of
selected growth curves and polynomial functionsewastimated for each production cycle and for
all the cycles. It was possible to estimate. It ypassible to estimate the parameters of growth
curves was possible for only some of the casesestutt was difficult to select both the function
and an adequate method of estimating its paraméiach time the selection was made on a trial
basis. From this perspective, the polynomial fumctivas the most suitable as it was possible to
estimate its parameters, including standard er@igjent t-values and t-test p values for each of
the 21 production cycles and for all the cycles.
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1. Introduction

The growth of living organisms — one of the mospariant biological
processes (Hammond 1932; McMeekan 1940 and 194idyBt945; Ricklefs
1968 and Fl'ak 1998) — has attracted the atterdfarsearchers for a long time.

Mathematical modelling of growth has a long tramitand can be attempted
for individual organisms and the whole populatiokreover, growth can be
described using various functions, for example poigials or a family of
Richards curves which includes the following spkedimctions: a modified
exponental function, logistic function and Gompeftmction (Wesotowska-
Janczarek, 1993). It is possible to model the dgnosftboth animals (Szyputa
1977; Pabis 1978b; Jamroz and$Pr878; Jamroz et al. 1986; Jaros 1986, Jaros
and Pabis 1986; Menchaca et al. 1996; Portolanoraddro 1997; Sorensen et
al. 2003; Novak et al. 2004; Bilgin et al. 2004;J&Pat al. 2005; Berry et al.
2005) and plants (Pabis and Dec 1983; Dec 1987aNesotowska-Janczarek
1996; Wesotowska-Janczarek and Fus 1996).

The key problem is to select an adequate matheahatiedel which would
reflect the phenomenon as closely as possibleeinstudies of Frisian cattle
growth, Ptak (1992) estimated the parameters (aggarfor each animal) of
Gompertz, Brody, Richards and von Bertalanffy fioed. These growth
functions are most frequently used to model gravitharious animal species.

Many studies have focused on bird growth: Hyankevél. (2001) and
Goliomytis et al. (2003) have used the Richardsction whereas Mignon-
Grasteau et al. (1999) and Maruyama et al. (1989 fapplied the Gompertz
function. Moreover, Maruyama et al. have appliegl ldgistic model (the work
in 1999) and the Weibull function (the work in 20G& model the growth of
ducks. In turn, the allometric model was usefuhtodel the growth of broiler
ducks taking into account their somatic size (Baartrger et al. 1982).

The development of information technology has ma@esier to use more
complicated mathematical and statistical methods.aAresult, new problems
have arisen which can be encountered by a reseairtieeested in practical
applications of some solutions available in stafétpackages such as SAS and
Statistica. Technical ease of an application of mat@r programs is, however,
accompanied by some difficulties as the reseansbigig modules of non-linear
estimation has to choose an adequate algorithniogsdunction. Unfortunately,
the estimation may yield a function which insuficily describes empirical data
or the results can be incomplete without estimatéwrors of the function
parameters.
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The objective of the present work was to test ttaetical applicability of
selected nonlinear estimation methods availabl&tatistica 9.1 to estimate
parameters of selected functions describing broléken growth.

2. Materials and methods

Body weight records of broiler chickens raised orcammodity farm
located near Siedlce were used in the study. Tresumements were taken every
7 days on a random sample of 100 birds during 2tlymtion cycles. Growth
was modelled using the Brody, Gompertz and logifitiections as well as
a fourth-order polynomial function. In the statisii package Statistica, the
following sequence was selected: the modAldvanced Linear/Nonlinear
models: Nonlinear Estimation and then the optiokser-specified regression,
custom loss function) (Fig. 1).
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Fig. 1. Window of calculation module selection
Source: own calculations in Statistica 9.1
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The default model was selected as a loss funckom @). Its role is to
estimate the squares of deviations of estimated abderved values.
Minimization of the loss function is a procedureestimating the parameters of
regression function being estimated (describinglem growth). The formulae
of successive user-specified functions were typgdguthe option of saving as
a text file for future use:
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Brody function — y =A*(1-B*Euler’(-K*t))

Gompertz function — y =A*Euler®(-B*Euler*(-K*t))

logistic function — y =A*(1+Euler*(-K*t))(-M)

polynomial function — y =a+b*t+c*t"2+d*t"3+e*t"4niwhich:

Euler = the e constant, t — point of body weighaswement (t=1, ..., 7).
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Fig. 2. Window of defining the user-specified function dass function
Source: own calculations in Statistica 9.1

In the next step, the first (default) estimationiam that is the quasi-Newton
algorithm, was used to estimate parameters of megaliregression function. The
function parameter estimates obtained were presestevalues of the arithmetic
mean, standard deviation, minimum and maximum gadunel estimate numbers —
the number of production cycles, out of 21, for ebhparameters were estimated
during calculations.

The next algorithms (Simplex procedure, quasi-Newgamplex procedure,
Hooke-Jeeves algorithm, Hooke-Jeeves and quasidgdemiethod, Rosenbrock
pattern search method, Rosenbrock and quasi-Nemt&thod) were applied to
analyse results of one, randomly selected productjcle in order to check their
efficiency based on the same numerical data (FigOB8ly the results for which
the determination coefficient exceeded 90% wereertaknto account. The
description of the above-mentioned algorithms canfdund in the work by
Stanisz (2000).
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3. Results and discussion

An application of the quasi-Newton algorithm, whiska default algorithm in
Statistica, produced estimates of growth curverpaters for a small number of
production cycles (Table 1). When growth was descriusing the Brody and
Gompertz functions, parameter estimates were autdor 9 out of 21 production
cycles only and the production cycles were differfar both the functions.
However, it should be stressed that the resultsaloulations were not complete.
Function parameter estimates were accompaniedahyatd errors, t-Student test
values and t-test p values for one production cffofgstic function) only.

Mean values of chicken body weight over 49 daymtténing and for all 21
production cycles were well described by only themertz function. No
parameters were estimated for the Brody and lagfistictions.

Lack of complete results (lack of values of stadderrors, t-Student test
values, and t-test p values) was the most fregpestllem signalled by the
notification window: Estimation failed; change estimation method/start values
or Exceeded maximum number of iterations; 30 more iterations? (Fig. 4). The
latter situation is better. Additional iteratiorencproduce a complete set of results
(parameter estimates with standard errors, t-Studstivalues and t-test p values).
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If the function parameters have been estimatedrdahelts window opens
(Fig. 5). It contains, first and foremost, parametgtimates and some additional
information (given below) about their significance.

For the polynomial functions (Table 2), parametgineates were obtained
in addition to standard errors for the resultsafteproduction cycle and all the
21 cycles.

The values presented in table 3 indicate that afication of the remaining
5 algorithms of estimating parameters of all thecfions examined (based on
results of one production cycle) did not substdlgtiehange the results. No
errors of the parameter estimators of the functioreye obtained so the
significance of these parameters remained unkndihat is bothering is a
considerable disparity between estimates obtairsatgwifferent methods and
lack of the possibility of obtaining parameter emties by means of some
algorithms. Two estimation methods proved to b&e&otive and only four were
effective for the Brody curve and the Gompertz eumespectively. Only when
the logistic function was the case, all the estiomimethods yielded results
which were, however, so different (ranging from &@2795) that they had to be
discarded.



PROBLEMS ASSOCIATED WITH MODELLING BROILER CHICKENGROWTH.... 53

STATISTICA - Skoraszyt3* - [Modek: v2=3+b™1 +c*v1A 2+d*v1A3+e%144 (coll_biom cale)]
DESEHD SR % BB |0 o [ Do doskormaytu - Dodsjdorsportu = Dodsj do M5 Ward - 47 | @ K2
Arial - 0-|BrU A-2-G- w8 =0 a4l

Plik Edycja Widok Wstaw Format Statystyka DataMining Wykresy Mamedzia Dane Skeroszyt Okno Pomog

o

Zmieme ~ Prypadi~ [ -] [ ] - |

it Nadel: v2=2+bv1+cvI2+dv13+e 1" (coll_biom_cale)
= 53] Estymacjs niel Zmn. zal - Zmn?2 Str - (OBS-PRED)**2

1430 Wyniki esty Catkowita strata: 72293656861 R= 99492 Wyjasni. wariancja: 9
Modek: | =140 3 b c d | e
Ocena | -139 464 3601309 -120 902 40 02764 -3 37.
(Blad sid | 09148/ 146.0079] 67.831 1235705 076
(1(135) 1,407 24680] 1782 323879 -4.38610
95%PU | -335.545) 71,1342 255 052 15 56341 -4 8486
+95%PU |  56.621) 649 0677]_13.248] 64 46026 -1 85245
0016 00150 0047 000451 000002

8 o 10
Zmn8 Zmn3 | Zmn10

r

ol o ot 5z | 132

Dodaj do MS Word ~ £

Er

Plik Edycja Widok Wstaw Format Statyctyka DataMining Wykresy Marzedzia Dane Skoroszyt Okno Pomoac

TR A Y A

Arial 0 v B I

T
Zmienne - Paypacki~ [ -] [EE ] . |

= 2 . Model: v2=a+b™1+c™1"2+d"v113+e"v144 (coll_biom_cate)

543 Estymagja niel Zmn. zal - Zmn2 Str - (OBS-PRED)2

430 Wyniki esty Catkowita strata: 722936,56861 R= 99492 Wyjaéni. wariancja: 9
Model: | =140 a b c d | e
QOcena -139.464 360,1309| -120.902| 40.02184| -3.37367 |
| Bitad std 99,148 146,0979|  67.831) 12,35705] 0.76
[t(135) 1407 24650 -1.782| 323879 4.38610
-95%PU | -335549) 71,1942 255052 1558341 -4 59486
+95%PU | 56621 649.0677 13 2481 64 46028 -1.5524
0.016  0.0150

8 & 10
Zmn8 Zmng | Zmn10

(5| 4 Wy coll_iom_cate | | otome oo bom_cat| P5z3 | 1320783

Fig. 5. Results spreadsheet for the polynomial function
Source: own calculations in Statistica 9.1



54

AGATA GRUZEWSKA, KATARZYNA RYMUZA

Table 1. Means (X ), standard deviations (Sd), min., max., and nusibéestimations (n) for
estimates of growth curve parameters using thei-gNmston method

Growth Statistics of parameter .
. Parameter estimate
curve estimates
A B K
Brody X 26436 1.017 0.019
Sd 16093 0.008 0.008
min 11862 1.01 0.01
max 54689 1.03 0.03
number of estimations (n) 9
for all 21 cycles no result no result no resu
Gompertz] X 2922 4.928 0.412
Sd 847 0.375 0.063
min 2313 4.17 0.27
max 5076 5.36 0.47
number of estimations (n) 9
for all 21 cycles 2781 4.87 0.42
A K M
logistic | X 4176 0.350 6.253
Sd 807 0.044 0.159
min 3260 0.29 6,11
max 5386 0.41 6.55
number of estimations (n) 7
for all 21 cycles no result | no result| Nno rest

Source: own calculations.

Table 2. Means (X ), standard deviations (Sd), min., max., and nusbéestimations (n) for
estimates of coefficients of polynomial growth eswsing the quasi-Newton method

e Free Coefficient | Coefficient | Coefficient | Coefficient

Specification : ; X T
term preceding x | preceding & | preceding X | preceding %
X -146.16 | 371.57 -127.311 41.294 -3.453
Sd 12759 | 219.96 121.333 25.000 1.675
min. -342.86 | -37.28 -310.42 -0.61 -6.17
max. 96.43 | 669.11 93.54 80.73 -0.38
Number of
L 21

estimations
Forallthe | 13946 | 360.13 -120.90 40.02 -3.37
21 cycles

Source: own calculations.
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Table 3. Values of parameters of growth function curvesafeandomly selected production cycle
obtained using different estimation algorithms

Growth Estimation algorithm Parameter estimate
curve
A B K
Brody 1. Simplex 10.31 -29.22  -0.298
2. Simplex and quasi-Newton 10.31 -29.22  -0.298
3. Hooke-Jeeves 1.162 -2610 -0.298
4. Hooke-Jeeves and quasi-Newton 1.162 -26[1.0 980|2
5. Rosenbrock Unsuccessful estimation
6. Rosenbrock and quasi-Newton Unsuccessful estima
Gompertz 1. Simplex 1.584 -5.397 -0.044
2. Simplex and quasi-Newton 7.877 -3.854 -0.067
3. Hooke-Jeeves Unsuccessful estimation
4. Hooke-Jeeves and quasi-Newton Unsuccessfuhatibin
5. Rosenbrock Unsuccessful estimation
6. Rosenbrock and quasi-Newton Unsuccessful estima
logistic 1. Simplex 9.662 -0.094 -5.151
2. Simplex and quasi-Newton 9.662 -0.094 -5.1p1
3. Hooke-Jeeves 301.1 -2.106 -0.142
4. Hooke-Jeeves and quasi-Newton 308.9 -5.584 530.0
5. Rosenbrock 1942 1.549 179.5
6. Rosenbrock and quasi-Newton 2795 0.486 6.682

Estimation of polynomial function parameters (Tadlg proved to be
impossible for the Rosenbrock method as well agRao®ck and quasi-Newton
method. When the remaining methods were appliedsigoificant parameter
estimates of growth functions were found. What &ren substantial differences

between the estimates obtained cast doubt on liabili¢y of the results.

Table 4. Values of polynomial function coefficients obtaingy means of different estimation

algorithms
Estimation| Free | Coefficient| Coefficient | Coefficient | Coefficient
algorithm | term | preceding X preceding % | preceding X | preceding %
1. 86.26 -8.610 48.30 11.59 -1.738
2. 92.90 -8.790 51.05 10.80 -1.669
3. 370.9 -462.3 275.3 -32.19 1.100
4, 406.8 -502.6 286.8 -33.14 1.100
5. Unsuccessful estimation
6. Unsuccessful estimation
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An application of the quasi-Newton algorithm resdltin very different
values of the parameter estimates A, B and K. Tgkito account the fact that
chicken rearing results for individual productiogcles were similar, it is
difficult to account for such results. An applicati of successive estimation
methods yielded similarly different results. Moreovthe usefulness of these
methods depended on the function calculated. ltlshibe stressed that all the
four coefficients of polynomial function were sifjoant in one case only.

In the study by Ptak (1992), which compared 5 m@ar models of growth
curves reflecting the growth of calves raised irctQntries, values of estimated
parameters were similar but the author applieher software.

4, Conclusions

The package Statistica v. 9.1 is equipped with aut® for estimating
function parameters defined by the user. This nedah be applied to estimate
parameters of growth curves and the polynomial tianc However, the
usefulness of this module for the rearing resultsroiler chickens proved to be
limited and the results obtained were not satisfact

An application of Statistica to estimate parameténgser’s function should
be considered with caution and taking a very @itapproach. Depending on the
numerical data, the estimation results obtained lgnt a completely different
scientific and practical applicability. Without ther research it is difficult to
choose the best estimation method. It is equafficdit to attempt to determine
which function best approximates the variation ol in the body weight of
broiler chickens.
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