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Abstract 
 

The purpose of this paper was, based on the bio-productive results obtained in an experiment 
on Tetra H hybrid, to set the possibility of simulating the evolution of body weight depending on food 
protein contribution in order to elaborate feeding programs suitable to produce ecologic meat. The 
experiment on protein provision through concentrate mixture with different intake levels and time slots, 
has been carried for an interval of 112 days on 102 broilers divided into three groups: T1 tri-phase fed 
with concentrate mixtures (CM) with 22, 19.03, 17.5% crude protein (CP); T2 bi-phase fed with CM with 
22%, and 17.5% CP; T3 bi-phase fed with CM with 19.7% CP. A bi-phase feeding applied to broilers in 
T2 allows us to obtain body weights comparable to those obtained by broilers tri-phase fed under the 
conditions of some CM administration with the same nutritional contribution for 91 days. Applying the 
Gompertz function Wt=a*exp(-exp(b-c*t)) shows that the values of the coefficient of determination 
(R2) are high for all groups indicating significant relations between broiler age and weight and the 
mode of protein provision through food. Our study shows that after applying the mathematic model 
y=a+b*x1.5+c/x we can set the crude protein percent of concentrate mixtures calculated for a bi-phase 
fodder feeding in Tetra H broilers organically grown, starting from the desired average weight at the 
end of the growing period, estimated by applying the Gompertz function, with a small error percent of 
3.3% for the 1st phase and of 2.80% for the second growing phase. 
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Introduction 
 
Broiler breeding develops in alternative systems responding to three requirements: 

e.g.: animal welfare, the diversity of production and the persistent production (A. FANATICO 
[1]), a category that also includes the ecological system of chicken meat production. 

If within the intensive-industrial system, broiler breeding is performed under well-
defined nutritional and technological conditions, which allow the use of statistic analysis for 
estimating the maximum of production, in the ecological system, the ensuring of the 
requirements depends on multiple variables. 

Data shortage of the nutritional requirement necessary for the bird breeding 
ecological system makes the mathematic simulation methods very useful in estimating the 
biological answer to the food nutrients contribution (A.R. SCHULZ [2]). And according to R. 
BURLACU & al. [3], the method of mathematic simulation of metabolic processes gives the 
possibility to evaluate food indicators in evolution, for example with the weight gain rate and 
the broilers’ carcass quality. From this point of view, the estimation of the productive 
response of birds to different nutrients has developed a lot, reaching a level where models 
allow a less errors simulation of the feeding programs (R.M. GOUS [4]). 
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Nutritional parameters are very relevant and they can be estimated using Gompertz 
(1925) [5] non-linear regression equation allowing low error prediction of some bio-
productive indices. (ROUSH & al. [6], NARINC & al. [7]) Regarding the food protein effect 
on the main productive indices (e.g. body mass evolution), recent studies (AZARNIK & al. 
[8], ZIAEI & al. [9], DAIRO & al. [10]), show a significant effect but without involving 
estimation of nutritional responses. 

B.J. WILSON [11] suggested that the Gompertz equation is applicable to poultry and 
R.Y. TZENG and W.A. BECKER [12] fitted this equation to growth data for broiler chickens. 

Poultry nutritionists aim to create models in order to efficiently predict the nutrient 
effect on economically important traits, such as body weight, feed intake and conversion 
efficiency (R.M. GOUS and E.T. BERHE [13]). 

Based on previous results, from an experiment on organically grown Tetra H 
broilers, we aimed to establish a simulation of the growing process based on the contribution 
of alimentary protein. These results will help us to elaborate feeding programs suitable for this 
growth system. 

 
Material and Methods 

 
Taking into account that the mode and level of protein provision can be decisive for 

broilers on their weight gain data in ad libitum feeding studies, we carried an experiment on 
Tetra H hybrid, where the results simulated by Gompertz non-linear regression equations 
could be used for the prediction of this indicator in the broiler breeding ecological system. 

The experiment regarding protein provision (through levels and times of intake) on 
bio-productive performances of avian youth belonging to mixed breeds (Tetra H hybrid) was 
carried out in a biological poultry farming according to CE Regulation 889/2008 [14] and 
internal rules of regulation on ecological farming. 

The experiment was carried on with a group of 102 chickens on a 112 days’ time, 
under feeding conditions specific to ecological system. There have been created three 
experimental variants, each of them having two replications as follows: 

-T1 –formed of 34 chickens three-phase fed with concentrates mixtures notified with 
CM1 (with 22% CP), CM3 (with 19.03% CP) and CM4 (with 17.5% CP); 

-T2 –formed of 34 chickens bi-phase fed with CM1 (cu 22% CP) and CM4 (with 17.5% 
CP); 

-T3–made of 34 chickens bi-phase forage fed with CM2 (with 19.7% CP) and CM5 
(with 5.75% CP). 

Regarding the concentrated mixtures intake, here are three phases in the experimental 
variant 1 and two phases in the experimental variants 2 and 3 using the CM structures shown 
in table 1). 

 Phase I: Starter from one day to 21 days in all experimental variants; 
 Phase II: Growing missing in T2 and in T3, and has a 35 days’ time in T1 (22-56 

days); 
 Phase III: Growing – Finishing from 57 days to 112 days in T1, from 22 days to 

112 days in T2 and T3. 
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Table 1. The structure of concentrate mixtures used for Tetra H hybrid feeding, organically grown 

Item 
Starter Growing Finishing 

T1-T2 

CM1

T3 

CM2

T1 

CM3

T1-T2 

CM4

T3 

CM5 
The proportion of participation (%) 

Corn 18 23 21.10 16.5 32 
Wheat 20 20 20 19.5 30 
Soybean meal expeler 16.5 5 8.5 - - 
Sunflower meal expeler 15 16 12 15 11 
Peas 25 33 30 30 24 
Sunflower seeds    10  
Sunflower oil 2.5  5 6  
Premix with micro and 
macro elements 

3 3 3 3 3 

Nutritional characteristics 
ME  kcal/kg 2971 2809 3136 3160 2910 
        MJ/kg 12.44 11.76 13.13 13.23 12.18 
CP (%) 22 19.7 19.03 17.5 15.75 

 Requirements in vitamins and minerals are provided according to NRC 1994 requests, by using a 
premix according to regulations in force.  

 ME –metabolized energy, CP –crude protein 
 

The experiment aimed the evaluation of a better nutritional start (in T1 and T2 
compared to T3) in the same period of time, respectively of 21 days. Regarding the same start 
in T1 and T2, there was performed a tri-phase feeding by using an intermediary “growing” 
phase of 35 days when CM3 (with 3136 kcal ME/kg and cca 19% CP) was administered, 
followed by the finishing phase F III from 56 days until the end of the experiment, when CM4 
with 3160 kcal ME/kg and 17.5% CP was administered. In T2, the purpose was to set the 
effect of providing a bi-phase alimentation, phase II becoming a “growing-finishing” phase, 
respectively of a concentrate mixture intake (CM2 and CM5) with energetic and protein levels 
of about 10% smaller compared to T2. 

Statistic analysis was performed with IBM SPSS software, using ANOVA test. The 
signification of the differences between the experimental groups was performed with Turkey 
post hoc test. 

The growth functions were carried out from the mean weekly body weight. The 
Gompertz equations were fitted to the data. 

Wt=a*exp (-exp(b-c*t)), where, Wt,= body weight (g) at time t. 
The parameters a, b, c were estimated using nonlinear procedures, Gauss-Newton 

method in the Minitab statistical package. 
The estimation of CP intake, which can set the level and mode of CM protein 

provision was made with an informational software Data Fit 9. 
 

Results and Discussion 
 

Table 2 shows the bio productive parameters set within the experiment body weight 
(BW), daily average growth, concentrate mixture intake (CM) and the feed conversion rate 
(FCR), from the body evolution data in Tetra H hybrid under the feeding conditions 
presented, results the following: 

- the average of body weights of broilers in all the three experimental variants at the 
moment of group formation fluctuates between 38.97 g and 40.00 g at insignificant 
differences that cannot influence the further evolution of this indicator; 
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- at 21 days, broilers in T3 having an average body weight of 260.00 g are significantly 
smaller compared to those in T1 and T2, aspect that can be explained by the nutritive (protein) 
contribution different from CM administered.  

- the significant differences regarding the body mass between broilers from all the 
three experimental variants are kept until the age of 84 days. Until this age broilers in T2 bi-
phase fed, got used to a changed CM, and a preponderant energo-protein contribution favors 
fat storages and makes that, by the end of the experiment, the body weight  differences 
between broilers in T2 and T1 be insignificant; 

- the inferior energetic and protein contribution of CM intake to broilers in T3 made that 
an average of body weight of 1700.00g be significantly lower than those set in T2 and in T1. 

It was noticed that broilers in T2 follow closely the evolution of body mass of broilers 
in T1, which allows the recommendation of applying a bi-phase feeding technique, with the 
possibility of renouncing the phase with in CM intake of passing from a start period to a 
finishing period through a “growing-finishing” CM. 

The statistic interpretation of the results obtained during the entire experimental period 
by applying Anova and Tukey HSD tests, allows the following findings: 

- a bi-phase feeding applied to Tetra H broilers leads to body weights comparable to 
those recorded by broilers tri-phase fed under the conditions of some CM intake having the 
same nutritional contribution for 91 days of the 112 days of the experiment; between broilers 
in T1 and T2 the body weight differences finally set are insignificant (p>0.05); 

- The decrease of protein level by approx. 10% and of the energetic level by 5.5-8.0% 
in CM administered to broilers in T3 has generated, at the end of the experiment, body 
weights significantly lower in p<0.05 compared to broilers in T2 and in p<0.001 compared to 
broilers in T1. 

 

Table 2. Body weight evolution, feed intake evolution and feed conversion rate evolution of broiler chickens to 
different experimental groups 

 
Trataments (mean ± SD*) 

SEM** P-values 
T1 T2 T3 

Livability (%) 
Final period: at 112 days 97.06 94.12 94.12 - - 

BW, kg 
Initial, hatching 0.040±1.073a 0.040±1.497a 0.040±1.184a  0.124 0.456 
21 days of age 0.320±0.032a 0.330±0.042a 0.260±0.034b  0.004 0.000***
56 days of age 1.145±0.131a 0.980±0.111b 0.870±0.106c  0.016 0.000***
112 days of age 2.150±0.238a 2.070±0.226a  1.700± 0.189b 0.029 0.000***

CM intake 
Phase 1: age eclosion-21 days 0.430±0.011a 0.460±0.011a 0.445±0.002a 0.004 0.387 
Phase 2: age 22-56 days 1.800±0.113a 1.600±0.070a 1.475±0.073a 0.066 0.075
Phase 3: age 57-112 days 3.600±0.141a 3.780± 0.197a 3.100±0.212a 0.141 0.072 
From hatching to slaughter: 
age 1-112 days 

5.850±0.265a  5.840±0.115a 5.020±0.282a 0.189 0.060 

Feed conversion ratio, kg complete feed/kg growth 
Phase 1: age eclosion-21 days 1.60±0.036A 1.58±0.042A 2.02±0.00B 0.090 0.001** 
Phase 2: age 22-56 days 2.18±0.125a 2.46±0.119a 2.42±0.131a 0.068 0.192 
Phase 3: age 57-112 days 3.58±0.055a 3.47±0.145a 3.74±0.312a 0.081 0.483 
From hatching to slaughter: 
age 1-112 days 

2.77±0.089a  2.88±0.037a  3.03±0.209a  0.063 0.268 

*SD –standard deviation; 
**SEM –standard error of the mean 
A-A, a-a p>0.05; A-B p<0.01; a-b p<0.001;  



Growth modeling using nutritional interventions during growth of the Tetra H hybrid avian youth in organic system 
 

Romanian Biotechnological Letters, Vol. 18, No. 4, 2013  8485 

Analyzing the CM intake data on growing phases according to table 2, we can make 
the following observations: 

- In the start phase (0-21 days) in T3 the reduction of the energetic level by 162 kcal 
ME and of protein by 2.27p% at CM compared to CM intake in T1 and T2, does not 
significantly influence the consumption, the daily intake fluctuating from 21.19 g/head in T3, 
up to 21.43 g/head in T1. 

- in the growing and finishing phase in T1 respectively the „growing-finishing” phase 
in T2 and T3, a bi-phase feeding with CM with energetic and protein levels, does not provide a 
compensatory intake as in T1 and T2, the average daily intake in T3 being of 50.27 g/head, 
18.2% lower than T2; 

- during the entire experimental period, the nutritional period and CM intake periods 
have determined an average daily intake of 44.82 g/head for broilers in T3; 16.6% lower than 
T2 and 16.5% lower than T1, and that could be a question mark on the opportunity of 
reduction of energetic and protein level in this variant (T3). 

By correlating the intake data with the weight gaining data, were set the food 
conversion data for Tetra H mixed breeds hybrid resulting in values showed in table 2. 
According to these data, it is concluded that this hybrid, under the conditions of the performed 
experiment, records food conversion indices between 2.77 and 3.02 that are proper for this 
growing system. A percentage difference of 5.13% between T2 and T1 can recommend the 
maintenance of the productive performances of this hybrid. 

Between the broilers in T1 and T2, the difference of this indicator is of 3.97%, which 
allows that from the productive point of view the use of a bi-phase feeding system could be 
promoted, being economically more efficient. 

To stimulate the productive response of birds organically grown, expressed by the 
broilers body mass evolution, under the conditions of the presented experiment, Gompertz 
function can be applied. 
 

Table 3. Estimated parameters of Gompertz function based on the time period 0-112 day 

Parameters a b c SEM r R2

T1 2522.6607 1.3196 0.0280 43.5582 0.9989 0.997801
T2 2665.2911 1.3301 0.0244 54.74 0.9977 0.995405
T3 2117.084 1.3053 0.0259 39.2571 0.9984 0.996803
y =a* exp(-exp( b- cx)) 

Day T1 (mean ± SD) T2 (mean ± SD) T3 (mean ± SD) 
21 315.66±11.31 276.659±0.96 248.769±50.18 
28 456.52±20.35 394.88±36.76 279.60±116.89 
42 798.74±73.09 691.96±95.96 512.93±199.56 
56 1162.50±126.64 1026.88±160.93 776.93±272.28 
70 1494.40±166.36 1354.78±216.38 1035.97±318.49 
84 1768.49±188.65 1646.20±255.15 1267.91±335.80 
98 1980.71±196.67 1888.77±277.24 1463.39±330.60 
112 2138.36±195.49 2081.93±286.19 1621.46±311.66 

SD –standard deviation ,  
SEM= standard error of the mean 
r=correlation coefficient, 
R2= determination coefficients 
y=body weight (BW, g),  
x =day 

Table 3 includes the parameters of Gompertz models for the T1, T2, T3 groups, as well 
as the weights and average errors as a result of Gompertz function application. The values of 
determination coefficients (R2) are higher for all groups, thus indicating significant relations 
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between age and weight. Taking into consideration these values, the models can be considered 
proper for describing the association between weight, age and level and mode of providing the 
protein from food. 

Average growth curves estimated with Gompertz functions for each of the three 
groups have been represented in figure 1. 

11298847056422821
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Gompertz function

y1 = 2522.6607 exp (-exp (1.3196-0.0280 t))
y2 = 2665.2911 exp (-exp (1.3301 - 0.0244 t))
y3 = 2117.084 exp (-exp (1.3053 - 0.0259 t))

 
Figure 1. Average growth curves estimated with Gompertz function 
y =a* exp(-exp( b- ct)), where: 
y1 –BW (T1), y2 –BW(T2), y3-BW(T3), t-time (day), and 
parameters a, b, c were estimated using nonlinear procedures- Gauss-Newton 

 

The differences between T1, T2, T3 were observed in the Gompertz function 
parameters. The ranking in descending order of asymptotic body weight was T1>T2>T3. 

With the help of information software Data Fit 9.0, there were identified over 100 
mathematic models of gross protein ingestion estimation starting from the data resulted after 
applying the Gompertz function. One of the mathematic equations resulted is presented in 
table 4. 
Table 4. Coefficients and statistical index of mathematical equation determining the protein intake based on 
body weight of chickens in hybrid Tetra H 

Matemathical equation y=a+b*x1.5+-c/x 
Std Error Residual Sum Residual Avg. RSS R2 

0.55332 5.33E-15 2.22E-16 6.4295 0.91247 
Coeficient Value St.  error t-ratio Prob(t) 

a 5.673785 0.533053 10.64392 0.000 
b 0.000043 0.000006423 6.698480 0.000 
c -417.9594 203.89688 -2.049857 0.053 

99% Confidence Intervals 
Variable Value 99% (+/-) Lower Limit Upper Limit 
5.67378 1.5092 4.164496 7.183074 5.673785

0.000043 0.000018 0.000024 0.000061 0.000043 
-417.9594 577.3136 -995.2730 159.35417 -417.95944 

Variance Analysis 
Source DF Sum of Squares Mean Square F Ratio Prob(F) 

Regression 2 67.03241 33.516 109.4690 0.000 

Error 21 6.429584 0.30617   
Total 23 73.462    
x –body weight (BW), y –protein intake, R2= determination coefficients 
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Figure 2. Crude protein intake chart 
(error percent is smaller between y experimental values and y calculated) 

 
The data analysis presented in table 4 show that the equation y=a + b*x^1.5+c/x 

registers a multiple determination index R2 increased over 0.91. 
From the analysis of these data, it results that the calculated values (protein intake) 

are close to those experimentally obtained during the 112 days. The model error is small 
result an error percent of 5 %. 

After applying the mathematic model described, we can set the gross protein percent 
of concentrate mixtures calculated for a bi-phase fodder feeding in hybrid chickens (Tetra H) 
raised for ecologic meat, starting from the wanted average weight of chickens at the end of the 
growth period (112 days). 

If at the end of the start period, an average chicken weight of about 280 g is wanted 
to be achieved (estimated with the Gompertz function), according to the prediction equation 
presented, a chicken has to ingest 4.361 g PB a day, which can be ensured by administering a 
concentrate mixture with a protein content of 22.76%. For the second growth phase (22-112 
days) to obtain an average body weight of 2100 g (estimated with Gompertz function) if the 
chicken daily ingests 9.558 g CP, and this can be possible by administrating a concentrate 
mixture with a protein level of 17.02%. 

As we can notice from the data obtained after applying the mathematic simulation 
verifiable with the data obtained after this experiment (in T2 by 22% CP in CM for the phase 
1 and with CM by 17.5% CP in phase II), we notice that we can set the CM crude protein 
percent intended for this category of birds with a small error percent of 3% for phase I and of 
2.80 % for the growing-finishing phase II. 

The program used allows the easy use of the mathematic equation presented with the 
body mass data and the food conversion data predicted to be obtained by the farmer according 
to basic materials available for a series of hybrid chickens Tetra H. 

 
Conclusion 

 
During the entire experimental period, the nutritional value and the periods of 

concentrate mixture intake have determined in broilers at T1 a daily average intake of only 
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2.81% higher than at T2, but with 19.92% higher compared to T3. In broilers at T3, CM 
reduction of the energetic level by 8% was not balanced by food intake; 

Body mass evolution was not significantly influenced by the bi-phase or tri-phase 
feeding mode, because, at the end of the experimental period, broilers’ body weights in T1 and 
T2 were comparable. The AC reduction of the energetic level by 5.5-8.0% and of the protein 
level by 10% administered to broilers in T3 determined significantly lower body weights at 
p<0.05 compared to broilers in T2 and at p<0.001 compared to broilers in T1; 

For the ecologic growing of Tetra H hybrid, it can be calculated a food conversion 
rate of 2.77-3.02, and from this point of view, it can be chosen a bi-phase feeding system, 
because the difference of 3.97% compared to T1 (tri-phase feeding) allows this approach; 

The growth curve generated by the Gompertz function is appropriate for describing 
the correlations with daily body weights and the results showed that there are differences in 
the growth of T1, T2, T3. 

The mathematic equation y=a+b*x1.5+c/x was checked with the obtained 
experimental data and it was set that the protein level of the two CM structures can be 
estimated with a small error percent (3.3% for phase I and 2.80% for phase II), administered 
according to the body mass estimated by applying the desired Gompertz function at the end of 
the growth period. 
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