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Table 1- Non-linear models considered in this study to describe growth curve in Makooei sheep

Model Formula Reference
Negative exponential Y = A[1—exp™] )
Brody Y = A[1-B expl ()
Gompertz Y = A exp[-B exp(¥V] (V)
Logistic Y = A/[1+B exp(] (W)
Von Bertalanffy Y = A[l — B exp¥]3 (¥+)

o 3de 18l 5kl 25 B el (59 1A it s 3 0sd saalie (jjg Y

Y: the animal weight at a given age (t); A: the asymptotic weight; B: the integration constant; K: the maturity rate; e = Eluer’s

number.
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Table 2- Estimated Parameters, correlation coefficient between A, B and k, Adjusted Determination Coefficient (R%4;), Root Mean

Square Error (RMSE), Average Information Criteria (AIC) and Bayesian Information Criteria (BIC) for different growth curves in

Makooei sheep
Parameters . . .
o iel Gompertz Brody Von Bertalantfy Logistic Negative Exponential
A 33.80 39.04 34.90 32.08 36.27
B 2.13 0.91 0.52 6.28 -
k 0.017 0.007 0.013 0.027 0.010
Tam -0.03 0.26 0.03 -0.08 -
All Lambs Tk -0.83 -0.97 -0.89 -0.59 -0.96
Loy J8 o 0.43 -0.15 0.25 0.72 -
R%yq 0.8769 0.8799 0.8781 0.8717 0.8505
RMSE 4.25 4.20 4.23 4.33 4.69
AIC 160845.10 160521.50 160710.90 161372.70 163369.30
BIC 37670.04 37346.39 47535.84 38197.58 40186.69
A 34.24 40.04 35.57 32.57 37.04
B 2.13 0.91 0.52 6.31 -
k 0.017 0.007 0.014 0.027 0.010
s -0.028 0.28 0.037 -0.082 -
Male Lambs Tix 0.83 0.97 0.89 -0.60 0.95
¥ koo o 0.42 -0.17 0.25 0.72 -
R2yi 0.8388 0.8666 0.8850 0.8790 0.8575
RMSE 4.16 4.12 4.14 4.25 4.63
AIC 68235.60 68091.57 68175.32 68476.24 69482.00
BIC 16901.79 16757.75 16841.51 17142.43 18141.51
A 33.29 38.18 34.33 31.66 35.59
B 2.12 0.91 0.52 6.26 -
k 0.017 0.008 0.014 0.028 0.010
s -0.027 0.24 0.032 -0.073 -
Female
Lambs Tam -0.82 -0.97 -0.89 -0.59 -0.95
oslo (clao ek 0.42 -0.13 0.26 0.72 -
R2; 0.8714 0.8746 0.8727 0.8661 0.8453
RMSE 431 423 4.29 439 4.72
AIC 83612.43 83433.39 0.83538.58 83899.89 84900.37
BIC 20753.23 20571.43 20676.38 21037.69 2203131




VAR Ll ¥ ooyjlods Y ol ol ol o> pole glelad gy oy YvYs

“e SyeS Ay Sy gl ) (658 Ek o3y & SUle
55 (it Nred jlde (V) oSen 5 (o3l5e (g2 () anily
—+JAY (6095 Jdo o 9=+ /Y Siiwed Jao )k s A Jiel)ly
e 3, lssen ddlllae oyl 5l Jools gl L &8 53,8 5l
o=l (B) 3y 255 5 (A) 5k 0j9 sehln 95 o (Sinno
O e (Sased ol Cads —[+A g +IYA gaial ;> aslllae

Sy Ay sy oS Gl ol (goimd LS B g A slayiel)ly

OeSlee (V) Jga 53 (1) 998 a8 5l (139 Sa G Sl
el 0ol (595) chlien (s )3 003 oaabito 5 003 (e (9
Sladis gaen ;3 0dd (i Oy Me Sy V0w
O g 59y 53 sl yieS ol odalie ()59 Jle Sl ond (33l
dday Lodd ophn (Sig polie (Sig) VO 5 (Sig) VA
o pedn b pieS oud odmliie (59 slade I ol (55l (slaJae
O2reS o S39) VYO 5 (Si9) YA+ <S5y e g (g gl -2l
sy a oad odaliie g 0ud (npie (Fig pbe J JSE
b ol Seod g 5 ppaS hile 2lod e gl e

AIC RMSE R2,q; jlixo bl (639 Joto caslllas ol o

e 50 CBl Jae i olyis & oy S sln BIC
Onzmed 1035 3yglp o[V 5 oAV XA/¥ gk g B A
Sl e 4 (39=) Jde s ool kg B A lie
AN FAVA 0dlo slaoys (sl g o/ oY o + /AN Fe/¥ 5 glaoy
3 Q) 2l Slgsten i L)L aS b Dyl o/o0A g
g 0dle (glao gy 5l iy 5 gbroy A oyl Hlade adllas oy
e £k PR )3 3 slaoy ()jg & &l (Sl @l
039 P9 Vb cde (V) > g plgit il (o 03le (sl 5
5 S0 gld dy odle slaoy (59 b awalie )3 5 (slao
2 Siden daly (ppere 35 Glo iz 93 )0 (Sl
adllle () 3. (V0) adbio kg A (slajial)l (e A3 (Soxie
Seiad Jae 3 el 93 ol G (Siamsen Hlaie (oS
abasly el Gty (+/AY) (639 Jdo yd Hlade s g (—+/0R)
ol 4 5295 & SUlge sl ol SOl ey 9 ol o (Ao
o b ayh (YL (g Eob plB 53 (%S Jlainl L iy oo
L aalie 3 )b (YL g5l g 45 Sblae 05 ©)le

35
30
25
o - 2 .
o Negative exponentia
F Negat I tial
[
= 720 sssess Brody
o
TR e Gompertz
= Y, == e ] ogistic
a,
=Rt ; "
m = == == Von Bertalanffy
10 .
5
0
—'CQV.!“IO\\O"‘"JO[’“—%—IOOV;P]O’\\Q"‘loh‘l‘—'mvl“lch\'.')"‘“uol""*l"—'wlf
Lo B e I s T L I ] -~ 00V =N SO O 000N e
Age(daﬁ—s—'—-.—.—1—-.—1.—-—-.—1.—-.—1—1!‘1N4~|r«|
E Y
(35)

@s5lo WihosS 53 3 slb oy (sl by chliee (gla o 3l ookl L (p 55kS) 005 (oot slais — ) JSw
Figure 1- Predicted body weights (kg) obtained from different growth models for male lambs in Makooei sheep
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Figure 2- Predicted body weights (kg) obtained from different growth models for female lambs in Makooei sheep
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Table 3- Observed and predicted mean weight values for all lambs in Makooei sheep from birth to 225 days by different nonlinear

model
Age (day)

(Kg) o Lm0 () o

i i Birth
Predicted weight (kg) j ' 90 180 295

¥

Negative Exponential 0.0 21.53 30.27 32.34
Logistic 3.51 19.29 31.34 36.24
Von Bertalanfty 4.47 17.51 32.15 37.81
Brody 5.89 17.90 34.63 40.69
Gompertz 4.08 18.17 32.11 37.52
(Kg)oas osnlie o 3.89 21.86 31.77 35.78
Observed weight (kg)
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Introduction The Makooei sheep is a medium-sized, fat-tailed breed, carpet wool and white color breed.
This breed dispreads mainly in the north west of the Iran in West Azerbaijan province. This sheep breed is called
White Karaman in Turkey. Growth curve is the graph of weight as a function of age on time. The changes taking
place in animal's body weight with the passage of time that is often sigmoid in shape. Further, information on the
growth pattern helps determine feeding and management plans and planning breeding strategies to improve the
efficacy of whole growth process. Using growth models is one of the ways that can be used to predict and
measuring animal’s performance, such as weight gain. In fact, growth models are linear or nonlinear regression
functions that can predict growth at different ages of animal life. Non-linear mathematical functions, empirically
developed by depicting body weight against age, have been appropriate to characterize the growth curve in
different animal classes. Therefore, the objective of this study was to describe the growth curve of Makooei
sheep using non-linear models. The Negative exponential, Brody, Gompertz, Logistic and von Bertalanffy
models were used to evaluate their efficiency in describing the growth curve of Makooei sheep.

Material and method The used data included 5913 body weight records from 1966 male lambs and 7092
body weight records from 2354 female lambs (from birth to 225 days), collected during 1993 to 2011, at the
Makooei Sheep Breeding station, in West Azerbaijan, Iran. In the station, each ram was randomly mated to 10-
15 ewes. Lambing was in January and March and lambs were weaned until ~3 months of age. The lambs were
weighed and ear tagged after birth. Data were checked several times, so defective and out of range records were
deleted. The Negative exponential, Brody, Gompertz, Logistic, and Von Bertalanffy functions were fit to the
data to model the relationship between weight and age. Each model was fitted separately to body weight records
for all lambs, male and female lambs using the NLIN procedure in SAS 8.2. The non-linear mixed models were
examined for goodness of fit using Adjusted Coefficient of Determination (R%gj), Root Mean Square Error
(RMSE), Akaike’s information criterion (AIC) and Bayesian information criterion (BIC). Finally, the best model
was selected with the highest R%,qj and the lowest RMSE, AIC and BIC.

Result and discussion All non-linear models showed good capacities of fitting for describing the growth
curve in Makooei sheep. The R2q; for the Brody model was found the highest (0.8799) and the lowest for
Logistic model (0.8505) for all lambs. The A parameter is an estimate of asymptotic weight which can be
interpreted as the weight at maturity. For the studied dataset the highest and lowest values for the parameter A
were obtained by Brody model (for all lambs = 39.04) and logistic model (for all lambs = 32.08), respectively.
The parameter B represents an integration constant, related to the initial animal weight but lacking a clear
biological interpretation. The highest and lowest values for the B parameter were obtained in Logistic model (for
all lambs = 6.28) and Von Bertalanffy model (for all lambs = 0.52), respectively. The parameter k that defined
the maturation rate is another important feature to be considered, since it indicates the growth speed to reach the
asymptotic weight. Therefore, animals that have higher k values will reach puberty sooner. The estimate of k
was highest in the Von Bertalanffy model (for all lambs = 0.10), while Brody (for all lambs = 0.01) and Negative
exponential (for all lambs = 0.01) models showed lowest values. The results of this study showed that the Brody
model with the highest R%q and the lowest RMSE, AIC and BIC was able to describe the growth curve better
than other growth models in Makooei sheep. In growth curve the most important biological relationship has been
found between A and k. The lowest and highest correlation between the two parameters of A and k for all lambs
was found for the logistic (-0.59) and Brody (-0.97) models, respectively.

Conclusion The results of this study suggest that the Brody model can be useful for set some management
strategies such as determining nutritional programs and the appropriate age for slaughter of Makooei sheep.
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