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ABSTRACT

This study compared the use of five different models to describe the growth from birth to 20 weeks of age
of kids from both genders of nondescript goats. Fifty nine (59) nondescript kids were weighed weekly at the
university of Maiduguri livestock teaching and research farm, Nigeria and the live weights were modeled.
Biologically relevant variables were estimated for each kid from the Logistic, Gompertz, Richards, Mono-
molecular and Weibull models. Models were compared using the following goodness of fit criteria: coeffi-
cient of determination (R?), mean square error (MSE), standard deviation (SD) and Akaike information
criteria (AIC). In both genders, all nonlinear models fitted the data well, with high R? ranging from 0.911 to
0.943 and 0.923 to 0.95 for male and female, respectively. In addition, the males had higher asymptotic
weight than females while the reverse was observed with regards to maturing rate. Male kids had heavier
inflexion weight and higher age than females for al the models. These values were however higher for Lo-
gistic than Gompertz model. The monomolecular model had higher R? and lower MSE, SD and AIC in both
male and female kids. It can be concluded that the nonlinear growth models were suitable for estimating
live weight as a function of age for both male and female of nondescript kids in Nigeria. However, the best
model was the monomolecular based on model parameters and goodness of fit criteria.

LA [0):05] body weight, monomolecular model, non-linear models, Richards model.

known as the relation between lifetime weight and age is
explained mathematically by functions that have parameters
with biological meaning. Growth curves provide sets of
parameters that are used to describe growth pattern over
time, and to estimate the expected weight of animals at spe-
cific ages (Y akupoglu and Atil, 2001).

In addition, the parameters obtained from growth curve
functions are highly heritable and have been used in selec-
tion studies (Mignon-Grasteau et al. 2000). Animal growth

INTRODUCTION

The world population of sheep and goats increased from
1.35 billion in 1961 to 1.94 billion in 2006 (FAOSTAT,
2008). According to the federal department of livestock, the
sheep and goat population estimates in Nigeria at 2009
were 34.69 million and 55.15 million, respectively (FDL,
2010). Goats occupy a strategic position in the socio eco-
nomic life of the people of the semiarid region of Nigeria

with approximately 0.5 goat per head of the human popu-
lace. They are kept primarily for meat and contribute sub-
stantially to income and food security in most households
in rural areas. Growth is defined as an increase in body size
of animals per unit time (Kucuk, 2004). Growth, also

models are used to identify alternative strategies to improve
the efficiency of livestock production and to estimate daily
nutrient requirements for animals of various ages and ge-
netic groups (Schinckel and de Lange, 1996). They have
also been used to estimate adult body weight and increase

115


http://www.ijas.ir/

Growth of Male and Female Kids of Nondescript Goats in Nigeria

in live weight (Nasholm, 1991; Jenkins and Leymaster,
1993). Animal growth generally follows asigmoidal pattern
(S-shape) and shape and severa nonlinear functions have
been used to ight as a function of age (Bridges et al. 1986).
These include Brody, Richards, Gompertz, Logistic, Von
Bertalanffy, Weibull, and Morgan-Mercer-Flodin growth
models.

Akbaset al. (1999) observed that interpretation of growth
based on model parameters varied depending on breed and
model used. Brishin et al. (1987) suggested that the shape
of a growth curve has a greater propensity to change in re-
sponse to environmental changes more than the asymptotic
weight or growth rate and thus it may be used to study the
effects of environmental stress on growth. Aggrey (2002)
further suggested that the shape of the growth curve may
reflect the architecture of body composition and couion and
could therefore be used to manipulate the desired body
composition at a given age. Therefore, selection for change
in the shape of a growth curve may be useful in improving
the efficiency of lean meat production. Many authors have
reported the Gompertz as the model of choice for poultry,
but results in goats have not been consistent. The best
model for modeling growth in Alpine a goats was reported
to be Gompertz (Kume and Hano, 2011; Gaddour et al.
2012), Weibull in Akecci goats (Kor et al. 2006), Brody
and Gompertz in Beetal goats (Waheed et al. 2011) and
Logistic in Cuban Creole goats (Arias et al. 2013). In the
semiarid region of Nigeria, little information is available on
growth modeling of goats. Therefore, the aim of this study
was to compare the use of different models to describe
growth in kids of indigenous nondescript goats in a semi-
arid region of Nigeria

MATERIALS AND METHODS

Experimental site

The study was performed at the university of Maiduguri
livestock teaching and research farm, Maiduguri, Borno
State, Nigeria. Maiduguri is located within the Sahelian-
West Africa on Longitude 11.38° north and Latitude 32.77°
east and 354 m above sealevel (Alade et al. 2008).

Climate of the experimental site

Maiduguri experiences a short rainy season (2-4 months)
usually between June and September. The rest of the year is
too dry. Average annual rainfall is approximately 645 mm
with monthly estimates of 138.12 mm, 198.6 mm and 157.4
mm, for July, August and September, respectively. Based
on the temperature of this area, the months are grouped into
three distinct seasons; dry hot (February-May), wet (June-
September) and dry cold (October-January). Relative hu-
midity varies from 5 to 45% and increases from dry to wet
season. Temperature range during the dry hot season varies
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from 39.8 °C to 40.7 °C. During the wet season temperature
canfall to 31.0°C.

Management system

The management system was semi-intensive. The animals
were allowed to graze twice daily (morning and evening) in
an area up to 86 hectares, athough; local farmers cultivated
annual crops in some areas. Species of plants found in the
areaincluded Acacia obtusifolia, Strigal asiatical, Ziziphus
macronatal and other plants.

Few days to kidding, pregnant does are isolated and housed
in a well-littered lambing pen. After parturition, all neces-
sary cleaning and identification processes were observed.
New born animals were housed together with their does
under close observation for 24 hours to ensure they receive
colostrums. Does were alowed to graze leaving behind
their kids after two weeks.

Data collection and analysis

Weekly body weights records from 59 nondescript kids
(male 23; female 36) that were collected for three years at
the university of Maiduguri livestock teaching and research
farm were used for the study. The data were analyzed using
non-linear regression in Statistix 9.0. The estimates of Co-
efficient of determination (R%), mean square error (MSE),
standard deviation (SD) and Akaike information criteria
(AIC), in addition to evaluation of model parameters were
used for comparing the goodness of fit of the models. The
growth curve functions were fitted individualy to the ob-
served data by using Levenberg-Marquardt nonlinear least-
squares algorithm in Statistix 9.0. During the iteration pro-
cedure, when any parameter value at a current iteration did
not change in the successive iteration, the procedure
stopped. The convergence criterion of 1.0E-05 was used.
The models fitted are as follows:

Gompertz:
W(t)= A x exp(-Bxexp(-kxt))

Logistic:
W()= A x (1+Bxexp(-kxt))*

Monomolecular:
W(t)= A x (1-Bxexp(-kxt))™*

Richard:
W(t)= A / (1+exp(B-kxt)) @™

Weibull:
W(t)= A - B x exp(-kxt™)

Where:
W;: body weight (kg) of goat at t weeks of age (t=1, 2,...,
20).
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A, B, k and m: model parameters:

A: asymptotic weight when time goes to infinity.

B: scaling parameter (constant of integration), which is
related with initial values of W.

k: maturing rate and mis shape parameter.

Weight and age at the point of inflection (POI) were cal-
culated as W= A / eand t=In(B) / k, respectively for Gom-
pertz and W= A / 2 and t= In(B) / k for Logistic, where eis
base of natural logarithm or Eulerian number (2.71828).

RESULTS AND DISCUSSION

Estimated parameters from the different models for male
and female kids are presented in Table 1. All the models
fitted the observed body weight data very well based on
their high R? (>0.911). The monomolecular mode! recorded
the highest R? (0.9461 and 0.9500 for males and females,
respectively). In contrast, the monomolecular had the least
value for MSE, SD and AIC for both gender. The high R?
observed in this studhe models have previously been re-
ported for goats. Some studies (Topal et al. 2004; Kor et al.
2006; Karakus et al. 2008; Mahado et al. 2009) reported
R? values ranging from 97.8 to 99.7 which were higher than
those reported in this study but Tsukahara et al. (2008) re-
ported a value (93.7%) close to that obtained for the Gom-
pertz model of this study. The R* have been used to evalu-
ate the goodness of fit of models in most studies (Lewis et
al. 2002; Topal et al. 2004; Kor et al. 2006). Models with
the highest R? and lowest M SE values have been accepted
as best fitting (Tedeschi, 2006). Based on these statistics,
the monomolecular model fitted the data better than other
models. Bilgin et al. (2004), Kor et al. (2006) and Kucuk
and Eyduran (2009) also made similar observation based on
MSE for Morkaraman lambs, Akkeci kids and Akkaraman
lambs, respectively spectively. The asymptotic weight for
males ranged from 7.66 to 71.22 kg while for females it
was 6.23 to 44.39 kg. The highest value was for the
Weibull model, while the lowest was for the Logistic. The
asymptotic weights reported in this study t obtained from
the Weibull model) were generally lower than those re-
ported earlier (Kor et al. 2006; Ozdemir and Dellal, 2009).
Generally, asymptotic body weights for males seemed
higher compared to females for all the models. Gaddour
and Ngjari (2013) and Arias et al. (2013) also made similar
observation in goats of Tunisia and Cuban Creole goats,
respectively. According to Aggrey et al. (2003), this indi-
cates that individuals with higher adult weight will grow
faster throughout the growing period and may require a dit
from the slower growing kids. Similarly, Kume and Hajno
(2011) observed that lower asymptotic weight means that
females will reach maturity faster than males. This is not
surprising as sexual dimorphism is usualy in favour of
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males in Nigerian goats. Maturing rate seemed higher for
femher for females compared to males for all models while
shape parameter was higher for males.

The growth rate was maximum for the Gompertz model
at 2.18 weeks with a weight of 3.09 kg for males while for
femalesit was at 1.56 weeks with 2.36 kg. Similarly, for the
logistic model, it was at 5.61 weeks with 3.63 kg for males
and 1.62 weeks with 3.11 kg for females. Male kids had
heavier inflexion weight and higher age than females for all
the models. These values were higher for the logistic than
Gompertz model.

This could be due to fixing of the inflexion p of the as-
ymptotic weight in the logistic while it is about 30% for the
Gompertz model. Barbato (1996) related the inflexion age
with the value of the corresponding weight which can affect
the maturing age of animals. Gaddour and Najari (2013)
also reported higher inflexion points for males than fe-
males. Thus, the age at which males reac males reached
maximum growth rate was higher than that of females.
From the viewpoint of management, this period when the
animals express their maximum biological potential of
growth is very important since it indicatnt when the rearing
system must be perfected to achieve higher productivity.
Ricklefs (1985) suggested that early growth may be the key
response to selection for later body mass, as growth rate is
evidently more flexible when it is highest. In the current
study, the four parameter models (Richards and Weibull)
had lower R? and higher MSE, SD and AIC than those with
three (Gompertz, logistic and monomolecular), which is
similar to Aggrey et al. (2003) observation. The authors
attributed this to difficulty in fittity in fitting four parameter
models as they require more iteration to attain the conver-
gence criterion. As seen in Figures 1 and 2, observed and
predicted curves matched very well.
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In addition, growth curves for male kids in the differwere
almost linear at the early period of growth but this linearity
changed after a few weeks. Ozdemir and Dellal (2009) and
Forni et al. (2009) made a similar observation in Angora
goats and cattle, respectively.

All growth models presented similar prediction patterns
at the same stages of growth. They under or overestimated
body weight to a greater or lesser extent. However, they all
provided less accurate predictions at the beginning of the
growth curve. The observed, predicted and residual weights
for the different growth models of nondescript female kids
are presented in Table 2. The range of residuas for the
Gompertz, logistic, monomolecular, Richards and Weibull
from 2-20 weeks was 0.02-0.33, 0.02-0.34, 0.01-0.32, 0.02-
0.33 and 0.00-0.31, respectively. The corresponding values
for percentage deviations were 0.41-6.55, 0.36-9.60, 0.24-
5.68, 0.40-6.54 and 0.10-4.88, respectively. The observed,
predicted and residual weights for the different growth
models of nondescript male kids are presented in Table 3.
The range of residuals for the Gompertz, logistic, monomo-
lecular, Richards and Weibull from 2-20 weeks was 0.00-
0.37, 0.01-0.38, 0.01-0.35, 0.00-0.37 and 0.00-0.32, respec-
tively.

[LIELs) [l Parameter estimates from the various growth models for male and femal e kids of nondescript goats of Nigeria

Parametr Gompertz Logistic Monomolecular Richards Weibull
Male Female Male Female Male Female Male Female Male Female
A 8.40 6.4237 7.66 6.2294 10.55 6.7849 8.388 6.4214 71.22 44.39
B 0.156 -0.1508 0.6161 0.2043 0.0327 0.0662 -3.8743 -4.668 69.05 42.763
C 0.0717 0.0965 0.1099 0.1258 -8.338 -7.3654 0.0724 0.0968 0.0074 0.0259
D - - - - - - 0.0176 0.0109 0.7137 0.4512
MSE 2.0316 1.6765 2.0348 1.68 2.0285 1.6729 2.040 1.6913 2.0425 1.6789
SD 1.4254 1.2948 1.4265 1.2962 1.4242 1.2934 1.4315 1.3005 1.4292 1.2957
AlIC 90.37 66.289 90.56 66.534 90.18 66.033 92.55 68.474 92.16 67.608
R? 0.9431 0.946 0.9373 0.9414 0.9506 0.95 0.9218 0.9298 0.9109 0.9226
Age 218 1.56 5.61 1.62 - - - - - -
Weight 3.09 2.36 3.83 311 - - - - - -
A: asymptotic weight; B is a scaling parameter (constant of integration); C: relative growth rate; D: shape parameter and AIC: Akaike information criteria
R?: coefficient of determination; M SE: mean square error and SD: standard deviation.
The observed, predicted and residual weights for the different growth models of female kids of nondescript goats of Nigeria
Age (weeks) Obsg‘ved Gompertz Logistics Monomolecular Richards Weibull
weight P R D P R D P R D P R D P R D
1 2.67 294 028 1031 299 033 1220 289 022 819 294 028 1031 272 005 192
2 297 316 019 655 319 022 746 314 017 568 316 019 654 311 014 488
3 3.50 337 -013 -359 384 034 960 337 -013 -373 337 -013 -361 340 -010 -275
4 3.70 358 -012 -324 358 -012 -333 359 -011 -302 358 -012 -325 364 -006 -151
5 4.02 378 -024 -594 377 -025 -623 379 -022 -557 378 -024 -59 38 -016 -4.10
6 4.18 397 -022 -517 395 -023 -556 398 -020 -475 397 -022 -518 404 -015 -349
7 4.25 415 -010 -242 413 -012 -284 416 -009 -202 415 -010 -244 421 -004 -1.04
8 4.45 432 -013 -298 430 -015 -335 433 -012 -265 432 -013 -300 436 -009 -201
9 4.50 448 -0.02 -049 446 -004 -080 449 -001 -024 448 -002 -050 450 000 011
10 4.60 463 003 064 462 002 041 464 004 079 463 003 062 464 004 087
11 4.65 477 012 260 476 011 246 477 012 267 477 012 259 477 012 252
12 4.88 490 002 041 490 002 036 49 002 040 49 002 040 48 000 010
13 4.83 503 019 400 503 019 402 502 019 394 503 019 399 500 017 352
14 4.85 514 029 601 514 029 608 514 029 59 514 029 600 511 026 543
15 4.98 525 026 531 525 027 541 524 026 519 525 026 530 522 024 472
16 5.27 535 0.08 151 535 009 162 534 007 141 535 008 151 532 005 102
17 5.47 544 -003 -054 544 -002 -044 543 -003 -061 544 -003 -054 542 -005 -0.89
18 5.60 552 -008 -140 553 -007 -134 552 -008 -143 552 -008 -141 551 -009 -157
19 5.74 560 -014 -246 560 -014 -244 560 -014 -242 560 -014 -246 560 -014 -237
20 6.00 567 -033 -550 567 -033 -554 568 -032 -539 567 -033 -550 569 -031 -513

P: predicted weight; R: residuals (P-observed weight) and D: percentage deviation of predicted from observed weight.
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(=) %) The observed, predicted and residual weights for the different growth models of male kids of nondescript goats of Nigeria

Observed Gompertz Logistic Monomolecular Richards Weibull
Age (weeks) .
weight P R D P R D P R D P R D P R D

1 2.65 283 018 687 28 023 875 278 013 480 283 018 690 268 003 110
2 3.00 305 005 179 308 008 274 303 003 091 305 005 18 300 000 013
3 3.18 328 009 28 329 010 325 327 009 271 328 009 28 328 010 310
4 3.37 350 013 384 349 013 379 350 014 408 350 013 383 353 017 494
5 3.88 372 -017 -433 370 -018 -462 373 -015 -393 371 -017 -435 377 -012 -3.03
6 4,28 393 -035 -822 391 -037 -861 39 -033 -7.78 393 -035 -824 398 -030 -697
7 4.30 414 -016 -364 412 -018 -408 416 -014 -320 414 -016 -366 419 -011 -249
8 472 435 -037 -775 433 -038 -814 437 -035 -739 435 -037 -776 439 -032 -6.88
9 455 455 000 009 454 -001 -027 457 002 038 455 000 008 458 003 074
10 453 475 022 482 474 021 454 476 023 500 475 022 481 477 024 520
11 4.87 494 008 156 494 007 140 495 008 163 494 008 15 495 008 167
12 512 513 001 022 512 001 016 513 001 019 513 001 021 512 001 o010
13 5.05 531 026 508 531 026 510 530 025 497 531 026 507 529 024 478
14 5.40 548 008 144 548 008 154 547 007 129 548 008 144 546 006 1.06
15 5.43 564 021 38 565 022 400 563 020 368 564 021 38 562 019 342
16 557 580 023 420 581 024 436 579 022 404 580 023 420 578 021 378
17 6.22 595 -027 -426 596 -026 -414 594 -027 -438 595 -027 -427 593 -028 -457
18 6.08 610 001 020 610 002 028 609 001 016 610 001 020 6.08 000 0.02
19 6.35 623 -012 -18 623 -012 -18 624 -011 -179 623 -012 -18 623 -012 -1.83
20 6.48 636 -012 -18 636 -013 -19 638 -011 -167 636 -012 -18 638 -010 -158

P: predicted weight; R: residual's (P- observed weight) and D: percentage deviation of predicted from observed weight.

The corresponding values for percentage deviations were
0.09-8.22, 0.16-8.61, 0.16-7.78, 0.08-8.24 and 0.02-6.97,
respectively. Residuals and percentage deviations were
generaly low, an indication that the models fitted the
weight data adequately. In addition, the models under and
overestimated weights at short intervals. This observation
agrees with the report of Brown et al. (1976) that postulated
that a model which yields differences between predicted
and actual weights a weights which tends to alternate in
sign at short intervals is preferred to a model which yields
deviations which aternate in sign at longer intervals.

When compared to the other models, the Weibull model
seemed to predict weight in the first week in female kids
better with percentage deviation of 1.92 compared to 10.31,
12.20, 8.19 and 10.31 for the Gompertz, logistic, monomo-
lecular and Richards models, respectively. Similar observa-
tion was made for males with corresponding values of 1.10
compared to 6.87, 8.75, 4.80 and 6.90, respectively.

CONCLUSION

Mathematical functions of the different growth models ex-
plained growth of male and female kids of nondescript
goats of Nigeria very well. The parameters in the model
estimated by nonlinear models provided very good fit
(>91%) for the partial growth curves. Thus, the observed
and predicted curves matched well. Though these models
can be used for predicting live weight at later ages from
early partial live weight data, the best model for male and
female kids of nondescript goats in Nigeria based on R? and
M SE appeared to be the Monomolecular growth model.
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