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Introduction: The egg production curve is defined graphically as the relationship between
the number of eggs and laying time, which indicates the biological efficiency of a hen and can
be effective in the selection and nutritional management of laying hens. Egg production is an
essential section of the poultry industry. Appropriate mathematical models accurately
represent the production phases of the hen and provide a valuable tool for biological
comparisons and interpretations. Also, egg production curves help predict egg production,
determine the appropriate age for poultry culling, and economic decisions. Sigmoid growth
models are often used to describe size over time in plants, animals, and humans. In laying
hens, the shape of the cumulative egg production curve is similar to the growth curve.
Therefore, different growth models may be used to model the cumulative egg production
curve. Khazak hen is one of the native birds of the Sistan region (Iran), and natural selection
has adapted this bird to the conditions of Sistan over the years. The body of this chicken is
small, and has low growth and is mainly kept for egg production. Since laying patterns is
different in populations. Thus, the use of an appropriate model to describe the specific laying
pattern of each population is necessary. Therefore, this study was conducted to investigate
growth models to describe the cumulative egg production and weight of eggs and select the
best model for the Khazak hen.

Materials and Methods: The present study was conducted in the Research Center of
Domestic Animals (RCDA), the Research institute of Zabol, Zabol (Iran). Khazak pullets are
identified using foot-banded numbers before they start laying. During the experiment, all
birds had access to water and feed ad libitum. The egg production was recorded daily for each
hen separately. Based on daily records, the weekly egg production of each bird was calculated
and then used the calculation of the cumulative egg production. A total of 365 pellet egg
production records were used to analyze the production curve from the first to the fortieth
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week of laying. Five growth models (Gompertz, Logistics, Richards, Lopez, and Weibull)
were fitted on cumulative egg production and weight records. The goodness of fit criteria,
including Akaike information criterion (AIC), mean square error (MSE), Bayesian
information criterion (BIC), and adjusted coefficient of determination (Ridj), were used to

compare the growth models and to select the best model. All models were fitted on egg
production records using the nlme package in R software, and the parameters of each model
were estimated. After fitting the models, the cumulative production values for different ages
were predicted by the models and were compared with the actual values over 40 weeks.
Results and Discussion: Based on the goodness of fit criteria, the Lopez mod had the

highest R value and lowest values of AIC, BIC, and MSE for cumulative egg production.
While the Weibull model was the best model than other models to describe cumulative egg
weight in terms of the goodness of fit criteria. The Gompertz and Logistic models
overestimated initial production and underestimated the final production compared with other
models. Estimates of time and production at the inflection points using Lopez and Weibull
models were close to actual values of cumulative egg production and weight, respectively.
Also, prediction of cumulative egg production and egg weight in different weeks using Lopez
and Weibull models was accurately, respectively. In literature, various models were reported
as the best model to describe the egg production curve, which indicates that the appropriate
model specific to each breed should be used to evaluate its curve. The overestimation and
underestimation of initial and final production using Logistic models were reported in other
research that was similar to our findings. The important application of egg production models
in poultry is to estimate the economic and genetic value by predicting total egg production
from some records, which can be a suitable tool for biological comparisons and
interpretations.

Conclusion: The results of the present study, showed that the Lopez and Weibull models
were the best models to describe the cumulative egg production and egg weight based on four
good fit criteria, respectively. Therefore, these models can be used to describe the cumulative
egg production and egg weight in Khazak hens. The application of these growth models can
be useful to nutritional management and breeding programs to improve and change
cumulative egg production and egg weight.

Keywords: Cumulative egg production, Inflection point, Lopez model, Modelling, Native
hen
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1 Mineral premix provided per kilogram of diet: 65 mg Mn; 50 mg Fe; 8 mg Cu; 1.8 mg I; 0.30 mg Se; 0.20 mg Co; and 0.16 mg Mo.
2 Vitamin premix provided per kilogram of diet: 11,500 1U vitamin A; 2,100 IU cholecalciferol; 22 U vitamin E; 0.60 mg vitamin B12; 4.4
mg riboflavin; 40 mg nicotinamide; 35 mg calcium pantothenate; 1.50 mg menadione; 0.80 mg folic acid; 3 mg thiamine; 10 mg pyridoxine;
1 mg biotin; 560 mg choline chloride; and 125 mg ethoxyquin.
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Table 2- Calculation formula of time (ti) and production (pi) at inflection point in different growth models
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* W0, WF, k, m and b are initial egg production, asymptotic egg production, coefficient of relative growth, the shape parameter,
and the age at approximately half maximum egg production, respectively.
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Table 3- The goodness of fit criteria of fitting growth models

Jse las Slaye (pSile ST SleMb! b i OleMb jlae 0l gutal (s oy
Model MSE" AlC BIC Rig
PE IO SN
Cumulative egg production
Fres 166.271 87050.03 87079.23 70.42
Gompertz
St 168.773 87213.54 87242.75 69.97
Logistic
P%p"’ 164.790 86953.12 86989.62 70.68
Richards
29 164.639 86943.04 86979.54 70.71
Lopez
s 164.761 86951.15 86987.65 70.68
Weibull
9 (22T ()9
Cumulative egg weight

Fres 297527.90 170892.10 170921.30 68.47
Gompertz

- 301270.30 171030.40 171059.70 68.08
Logistic
PF’"‘“ 295590.70 170820.80 170857.40 68.69
Richards
»d 295841.90 170830.20 170866.80 68.65
Lopez
J”‘.’ 295576.50 170820.30 170856.80 68.68
Weibull

(Rjdj-) 0 gl (el oy 9 (BIC) (i oMbl Jlns (AIC) SS5T Sl Jnn (MSE) Lo clayjo ke
“Mean square error (MSE), Akaike information criterion (AIC), Bayesian information criterion (BIC), and adjusted coefficient

of determination (R3z;)

3,8 eali ol ewlio Jao Gl gl Riay LS 55 55,500
Sl 50 5550 Jlme 4w opl by (Cornell and Berger, 1986)
b oslid BRI ppodle nlin Juo S5
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Table 4- Estimated parameters of different growth models for cumulative egg production and egg weight

e Wo+SE" WitSE k+SE m+SE b+SE
Model
P55 x2S Mg
Cumulative egg production

oS 6.488+0.218 98.513+1.838 0.063+0.001 - -
Gompertz
S 8.695+0.189 83.21020.953 0.116+0.002 - -
Logistic
’“E"’“‘" 3.044+0.563 150.000+19.475 0.023+0.005 -0.767+0.088 -
Richards
i-fl 2.704+0.765 298.211+74.425 1.107+0.067 - 100.000+34.952

opez
J"”‘:’ 3.139+0.683 150.000+£21.200 0.019£0.004 1.146+0.055 -
Weibull

Y e ()9
Cumulative egg weight

e 236.300+8.832 4031.000+83.640 0.061+0.002 - -
Gompertz
e ~‘J_ 321.800+7.655 3345.000+41.180 0.11520.002 - -
Logistic
5’%’*”’" 119.900+21.770 6000.000+818.900 0.024+0.006 -0.689+0.095 -
Richards
)E’J 150.400+25.940 8000.000+1129.000 1.300+0.069 - 57.100+10.640

opez
\Q/vab ' 127.300+26.940 5874.000+825.200 0.020+0.003 1.208+0.059 -

elpu

SE juian 0y 135 S 10s i (9)5] Caddy gige 53 (o 5 IS5 yiahl st Ay oy e stls Lolre 35 Sulsd sl 055 A5 e iy D o Mk WE WO

3 lalinl (slas

* Wo, Wr, k, m and b are initial egg production, asymptotic egg production, coefficient of relative growth, the shape
parameter, and the age at approximately half maximum egg production, respectively. SE: Standard error.
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Table 5- Estimated time (ti) and production (pi) at inflection point by growth models

P55 (e Mg 55 5225 (g

Je Cumulative egg production Cumulative egg weight
Model (wian) Cloe dlass )3 loj  (daw) cilae abad > g (atbn) cilae abad 3 Gloj  (p,5) cilee dlads > g

(WK) ti pi (number) ti (WK) pi (9)
oS 15.88 36.24 17.09 1482.92
Gompertz
S 18.52 41.60 19.48 16.72.5
Logistic
p%’q) 9.29 22.45 12.61 1101.42
Richards
29 6.77 16.98 11.92 1055.77
Lopez
53 8.72 20.71 11.66 1036.29
Weibull

Sewd 9 35005 slaie wilBe (o Jae b 0dd o
Mo 4 o (530wl 5 YL laimin wd e (W JSS)
5o e sl Bl oo )y sloasin sl 5 lux) 5o ol
el S35 ably polie 4y Cond odd o i plde (¥ JSK)
ol 53 0ad (i polie (g 9 2y G3lmy Jde 4w
99 4 Cumd g 039 (ABly ke 4 S35 Jomy Joo sl aiin
b 58 (e Uiy (e pSgee b g 9 20y Je

Juolsd jd (ably polds b o oy polde &S Hla Jis jo
3 ] ©olds a5 aisb o la Joe 5l i o))y Cglis ¢ aaligS
o= 3 (Adenaike et al., 2017) xsl o sl 5 SYeb Juolsd
i 53 (8ly polie b odd (g 2l CgliS 35 (3adS
P59 (235 )9 Slr Jgmg S 9 @59 (e Mg Gl g
i polie duslds (o il Bllasl wal byle; 51 (o)l
Rizzi et al., ) W) o9 &0 g3 30 o 059 (s28lg ylade b onds
aS ab %55 (Fairfull and Gowe, 1990) S35 ¢,0 4 (2013
ol e ois 9 3 5Vl | el s Satead Jas
Lalage5 (slpil o Lol 10 Golas o) Sitwsd Jo 53 oS 55y
ool dgpie MolS™  2Blg g 0l i polde o

O3 3yl s )3 055 Ay sl i 3,8y fetes
Vil @39 1y S (Hnpie by (55 9 soladl
ol b,y sla Jao (Sharifi et al., 2022) cusl as,sS,
ary 2B clapell Cygo ) Ere Mg 1B S 55 sboay
P dl)_g s olhw O‘}Lcd..f .\3]9354: 9 o3l ol (SS5elen
D5 ool So5e)an (sl pundd g Slunlio (gly 0y

50 a8 cl Sloj ,Sby (s0S90Riw (sl suie ;3 cilae dlads
mabod (o ol Cian 29 g ST S 516 g Cigto 1) g
Roush and ) aad e &) ades Sislibl &5 il oS cul (4
g 0d fog pp 4 calae daladi 3 518 45 (&8l )5 .(Branton, 2005
Sl g5 gl d bgye o ALy (AT ol Mg aa (pl
alads oloj ¢ 35 oyl )> .(Darmani Kuhi and France, 2019)
Joi g Je) ceslie Jio bawgi 055 (reo8 Mg (sl ilas
2025 Mg e ol U a8 dol Cowddy piin g s dshn oy (V
Wbl e 5 lae dbi oy 4 Cusl 535 VE/AA W50
$lag e 15 Sy e 2% b s 55 55 Sy
dey azan VO/YD ¢ VO/D ol gy (JUSo 9 LS Jao bawgs 0g0ld
5l YL as (Mahmoud et al., 2021) cowl sas i)55 g5
Olyed g Jl o wlin aiidn Jb o 4 29 pob 3ui bhadly
Otwinowska-Mindur et al., ) i65 ol 50 sly S olej
oS 15 35 (Miguel et al., 2007) 1,5 bdewlS’ &0 5 (2016
ol ol o cloasl aline
2 Ay b o Jde lawed ol b yius g (ASlg polde
P oA @5 (238 09 9 My Sl Mg i ladiin
9 g 0anliie 45 jobo ylan cal 003 03,51 ¥ 1Y (o S5
2 320y 9 Ssecd eSS Je g 0dd sl polie
A0 glas aBly Hlide 4 Cund Mg glaatan Blgl 5 L4l
Pree jybdn |y 635 (xS Mg ke b Jle il e
by 0dd (e polie WIS oyl g (Suiple Wl e
il (slmazin )3 o] (adly jolio 4y Jgug 9 o) sloJao
o ot olie &S o) Jue (sl (osaday g 039 005
mUi 055 (25 0y Sl oV JS) el S (A8ly ol



YoV ol sl oy ot pmé sl Jow 1 solisl oyl yKad g 33, (2 3

—=—Observed —+— Gompertz —=—QObserved —+— Logistic
90 90
= 70 =
2 £ a
s 1w g 4
5 i 2
e “ S
a 3 a
on E (] i
@ 3 40 2 3
o = o 2
5 -
k= 30 £
2 El
g 20 g
= 3
&) @]
10
0 o +—r——T—TTTrTTTrTrTTTTT T T T
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 1 35 7 9 1113151719 21 23 25 27 29 31 33 35 37 39
Time (week) Time (week)
(azan) Ly [C=L R

il (slaazan )3 Swcd § 5 oS slo o lawg odd (o yin 9 (Bly w55 (xeo Mg palie =Y JSWG
Figure 1- Actual and predicted values of cumulative egg production by Gompertz and Logistic models in various weeks
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Figure 2- Actual and predicted values of cumulative egg production by Richards, Lopez and weibull models in various weeks
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Figure 3- Actual and predicted values of cumulative egg weight by Gompertz and Logistic models in various weeks
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Figure 4- Actual and predicted values of cumulative egg weight by Richards, Lopez and weibull models in various weeks
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