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Abstract

The growth curve of livestock animals is important to evaluate the biological development managed with a farming management system.
This study aimed to estimate the growth curve of body weight (BW) in Madura cattle (Bos indicus) kept at the breeding management. Three
non-linear models of Logistic (L), Gompertz (G) and Von Bertalanffy (B) were performed in this study using 186 records data and computed
with SPSS 16.0 package. Research showed that the asymptotic weight (male/female) was reached of 220.80/218.02 kg (L), 277.72/274.13
kg (G) and 333.92/329.83 kg (B). The weight of inflection (male/female) was reached of 110.40/109.01 kg (L), 102.10/100.78 kg (G) and
98.94/97.73 kg (B). The time of inflection (male/female) was reached of 10.89/10.47 months (L), 10.09/10.23 months (G) and 9.80 months
(B). Moreover, the coefficient of determination (R2) in all models included of high category i.e. 0.68 (male) and 0.70 (female). However, three
goodness-of-fit parameters of root mean squared error (RMSE), Akaike's (AIC) and Beyesian (BIC) values revealed that G and B models were
more accurate than the other models for male and female, respectively. It can be concluded that about 68-70% of body weight of animals in
a study can be explained by non-linear models of L, G and B.
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Madura Sigirlarinda Viicut Agirhgi Biliyiime Egrisinin Tahmini

Oz

Ciftlik hayvanlarinin biylime egrisi, bir ciftlik ydnetim sisteminde biyolojik gelisimin degerlendirilmesi icin Snemlidir. Bu calismada, damizlik
amacli yetistirilen Madura sigirlarinda (Bos indicus) viicut agirliginin (BW) blylme egrisinin tahmin edilmesi amaglanmistir. Bu calismada, 186
veri kaydi ve SPSS 16.0 paket programi esliginde dogrusal olmayan li¢ model, Lojistik (L), Gompertz (G) ve Von Bertalanffy (B), kullaniimistir.
Calisma, asimptotik agirligin (erkek/disi), 220.80/218.02 kg (L), 277.72/274.13 kg (G) ve 333.92/329.83 kg (B)'a ulastigini gdstermistir. Biikim
agirhgi (erkek/disi), 110.40/109.01 kg (L), 102.10/100.78 kg (G) ve 98.94/97.73 kg (B)'a ulasmistir. Bikiim zamani (erkek/disi), 10.89/10.47 ay (L),
10.09/10.23 ay (G) ve 9.80 ay (B) olarak belirlenmistir. Ayrica, tiim modellerde determinasyon katsayisi (R2), yiiksek, 0.68 (erkeklerde) ve 0.70
(disilerde) saptanmistir. Bununla birlikte, Hata Kareler Ortalamasinin Karekdki (RMSE), Akaike Bilgi Kriteri (AIC) ve Bayesci Bilgi Kriteri (BIC) tG¢lu
uyum indeks analiz degerleri, G ve B modellerinin sirasiyla erkek ve disiler icin diger modellere gére daha dogru oldugunu ortaya koymustur.
Hayvanlarin viicut agirhginin yaklasik %68-70'inin dogrusal olmayan L, G ve B modelleri ile tahmin edilebilecedi sonucuna varilabilir.

Anahtar sézciikler: Viicut agirhdi, Blylime egrisi, Biikim, Madura sigiri, Dogrusal olmayan modeller

INTRODUCTION functions: sonok, karapan and commercial Madura cattle.
Sonok cattle are female Madura cows that have beautiful
body shape, coat color, conformation and skills which
are the result of selection and specific maintenance from
generation to generation. Karapan cattle is a bull that has
the ability to run fast and has a lighter and smaller body.
Karapan cattle are widely used for the traditional arts of
the Madura community .

Madura cattle is one of Indonesian native cattle that
originated from Madura Island and is a composite breed
that has undergone hundreds of years of selection and
domestication. Based on its history, Madura cattle were
formed from product cross mating between Bos javanicus
(wild banteng) and Bos indicus that occurred thousands
of years ago. Until now, Madura cattle had diverged into 3 The Madura cattle was kept for meat production and
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drought by smallholders. The weaning weight (205 days of
age) and yearling weight (365 days of age) of Madura cattle
were 97.00+13.77 kg and 120.00+10.86 kg, respectively 2.
Despite the slaughter weight, carcass weight and carcass per-
centage of Madura bull were 248.00+71.00 kg; 128.90+45.16
kg and 51.08+4.50%, respectively B. In addition, the
reproductive traits of Madura cow such as service per
conception, conception rate and gestation length were
1.46 time, 58.80%, and 283.35+17.15 days, respectively .
According to Cytochrome Oxidase | (COI) gene (mtDNA),
the Madura cattle had similar genetic characterization
with Zebu (Bos indicus) cattle P,

Madura cattle had good of genetic potency as the beef
cattle in Indonesia. The genetic improvement in these
cattle is being carried out through a selection program.
The early selection in Madura cattle can be performed with
growth curve of body weight. The growth curve of body
weight was used to evaluate the growth performance in
several Indonesian cattle breeds i.e. Friesian Holstein 62,
Bali!"®, Brahman cross "*, Madura 1">'®, Aceh "7 and Ongole
grade "%, In addition, the growth curve was also used in
many cattle breeds such as Belgian Blue "%, N'Dama 29,
Nellore 222 Dhofari *¥, Parda de Montana ¥, Aberdeen
Angus ?°, Podolica ? and Friesian Holstein 1228/ to evaluate
the growth performance in the world.

The growth in livestock can be defined as an increase of
body size per time unit .. Growth is a continuous function
during the animal’s life from embryonic stages up to
adult age and it is mathematically explained by growth
curve models. Growth curve for poultry generally have
the characteristics: an accelerating phase of growth from
hatching, a point of inflection in the growth curve at which
the growth rate is maximum, a phase where growth rate
is decelerating and a limiting value (asymptote) mature
weight B% In addition, the growth curve is to describe the
regular change generated by the live weight or some part
of the animal with the age increasing, which commonly is
a S-shaped (sigmoid) curve B,

The application of mathematical model on growth curve
will provide a set of parameters that could be used to
describe growth pattern overtime. Furthermore, it will
enable the breeders to expect the weight of animals at a
specific age and to detect the stage that associated with
the reduction in growth rate 2. Moreover, growth curves
of livestock have been used to dynamically observe the
growth course, to forecast the poultry growth law and
to instruct the feeding and management programs to
improve the selection and breeding effects 3.

The growth curve of livestock can be estimated with several
nonlinear regression model of Brody, Von Bertalanffly,
Gompertz, Logistic, Richards and Weibull. However, the
Logistic, Gompertz and Von Bertalanffy models have fixed
growth forms with point of inflection at about 50%, 30%
and 30% of the asymptote in animals, respectively B%.

Moreover, many models were used to obtain the growth
curve model in cattle "2, Unfortunately, the study of
growth curve estimation in Madura cattle using non-linear
models so far is not reported. This study was aimed to
estimate the growth curve of body weight with non-linear
model of Logistic, Gompertz and Von Bertalanffy. The
result of this study can be used as the basic information to
keep Madura cattle for breeding or feedlot purposes.

MATERIAL AND METHODS
Ethical Approval

The following experiment was conducted under the
guidelines of the Indonesian Code of Practice for the
Care and Use of Animals for Scientific Purposes and was
approved by the Indonesian Ministry of Agriculture Animal
Ethics Committee (Balitbangtan/Lolitsapi/Rm/14/2019).

Animals Data and Research Site

The records of body weight (BW) in Madura cattle (Bos
indicus) were collected from 186 animals (95 males and 91
females) between the year 2014 t0 2019.The weighing time
of each animal was performed every month from birth to
20 month of age using electronic digital weight scale. The
animals were kept in the colony stall at Indonesian Beef
Cattle Research Station (Loka Penelitian Sapi Potong Grati).
This station located at longitude112°33'55"to 113°30'37"E
and latitude 70°32'34" to 80°30'20” S. This area located at 2
to 2770 m above the sea level with air temperature of 24-
32°C and rainfall of 0.2-30.9 mm/year.

Animals Management

The animals were kept in the colony stall with natural
mating system. Each stall consisted of 1 bull and 15 to 20
cows. The forages feed consisted of 97.98% of Elephant
grass (Pennisetum purpureum)and 2.02% of rice straw.Thus,
the concentrate feed consisted of chalk (1.89%), salt
(1.89%), rice bran (24.75%), slamper corn (20.51%), coffee
peel (4.98%), palm kernel cake (9.70%), copra cake (10.16%),
cassava flour (10.16%), destillers dried grains with soluble
(7.98%) and corn gluten feed (7.98%). Thus, the standard
nutritional content of feed for Madura cattle was presented
in Table 1. Moreover, the fresh water was given ad libitum
with regular medical examination and vaccination.

Data Analysis

The individual BW data in male (1.876 datasets) and female

Table 1. The standard nutritional content (DM) of feed for Madura cattle

Physiological Status CP (%) TDN (%) CF (%)
Birth to weaning 9-10 58-60 19-22
Weaning to adult 10-11 58-60 17-19

DM: dry matter; CP: crute protein; TDN: total digestible nutrient; CF: crude
fiber




Research Article

433
HARTATI, PINTAKA BAYU PUTRA

(1.737 datasets) cattle were used to estimate the growth
curve with Logistic (L), Gompertz (G) and Von Bertalanffy
(B) models using SPSS 16.0 software. The non-linear
regression equations that used in the present study were
presented in Table 2.The goodness-of-fitmodelin this study
was selected based on coefficient of determination (R?)
and mean root squared error (RMSE), Akaike's information
criterion (AIC) and Beyesian information criterion (BIC)
using the mathematical formula as follow B°%

RZ = 1 (SSE)
B SST
RMSE = SSE
n-p-1

SSE
AIC = NLn (T) +2p

REesuLTs

The average of body weight in Madura cattle from birth
to adult ages were presented in Table 3 (male) and Table
4 (female). Mostly, the CV value in each age group were
included of high category (>20%). Therefore, the growth
parameters in Madura cattle were presented in Table 5.
According to Table 5, the A value in B model was higher
than the other models in both sexes. Thus, the highest
of W, and t; values were reached by L model. Meanwhile,
the lowest of W;and t; values were reached by B model.
In addition, A, W; and t; values in male were higher than
female animals. In general, the A value in animals in the
study was 218.02-333.92 kg. The W, value in animals in the
study was 97.73-110.40 kg. While, the t;value in animals

Table 2. The growth curve function of Logistic, Gompertz and Von
Bertalanffy models (24)

SSE Model Ye Wi ti
BIC = NLn (T) + pLn(n) Logistic A(1+Bey A2 (Ln.B)/k
Gompertz A exp(-Be™) Ale (Ln.B)/k
where, R2 is the coefficient of determination; SSE is the  |Von Bertalanffy A(1-Be)? A(8/27) (Ln.3B)/k
sum of square error; SST is the total sum of square; AIC = Y« body weight (kg) of cattle at t week of age; A: the asymptotic weight (kg)
Akaike's information criterion; BIC = Beyesian information when times goes to infinity; B: scaling parameters (constant of integration);
criterion; N is number of observations (data points); pisthe | k: maturing rate (kg/month); e: constanta (2.72); t: time (month);
number of parameters. Wi: weight of inflection (kg); ti: time of inflection (month)
Age (month) N Mean (kg) SD CV (%) Min Max.
0 (birth) 95 16.81 3.51 20.88 11.00 25.00
1 95 25.86 4.52 17.48 16.80 33.62
2 95 34.93 7.08 20.27 20.72 50.85
3 94 43.99 10.07 22.89 24.58 68.27
4 91 53.00 13.26 25.02 28.44 85.69
5 91 61.08 15.82 25.90 32.30 103.12
6 89 69.94 18.92 27.06 36.00 120.54
7 87 78.36 22.05 28.14 39.10 137.96
8 87 86.90 2541 29.25 41.25 155.38
9 87 95.67 28.59 29.88 43.41 172.81
10 87 104.43 31.77 3042 45.57 190.23
11 87 113.20 34.96 30.88 47.73 207.65
12 87 121.97 38.15 31.27 49.88 225.08
13 87 130.74 41.34 31.62 52.04 242.50
14 87 139.51 44.53 31.92 54.20 259.92
15 87 148.27 47.72 32.19 56.35 277.35
16 87 157.04 50.92 32.42 58.51 294.77
17 87 165.81 54.12 32.64 60.67 312.19
18 87 174.58 57.32 32.83 62.82 329.62
19 87 183.35 60.51 33.01 64.98 347.04
20 87 192.11 63.71 33.16 67.14 364.46
N: number of animals; SD: standard deviation; CV: coefficient of variation; Min.: minimum; Max.: maximum
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Table 4. The descriptive statistics of body weight in female Madura cattle at different ages

Age (month) N Mean (kg) SD CV (%) Min. Max.
0 (birth) 91 15.85 2.92 18.43 11.00 25.00
1 91 24.74 4.41 17.83 15.97 37.53

2 91 33.74 7.04 20.87 20.91 51.25

3 91 42.74 9.95 23.29 23.87 66.87

4 91 51.74 12.96 25.04 26.82 82.49

5 86 59.82 15.75 26.33 29.78 98.12
6 85 68.34 18.67 27.32 32.73 113.74
7 84 76.89 21.72 28.25 35.69 129.36
8 79 85.53 24.76 28.95 38.64 144.99

9 79 94.28 27.79 29.47 41.60 160.61

10 79 103.04 30.82 29.92 44.55 176.23

11 79 111.79 33.86 30.29 47.51 191.86

12 79 120.54 36.90 30.61 50.46 207.62

13 79 129.30 39.94 30.89 53.42 223.92

14 79 138.05 42.98 31.13 56.37 240.22

15 79 146.80 46.02 31.35 59.33 256.52

16 79 155.56 49.07 31.54 62.28 272.82

17 79 164.31 52.11 31.71 65.24 289.12
18 79 173.06 55.15 31.87 68.19 305.42

19 79 181.81 58.20 32.01 71.15 321.73
20 79 190.57 61.24 32.14 74.10 338.03

N: number of animals; SD: standard deviation; CV: coefficient of variation; Min.: minimum; Max.: maximum

Table 5. The growth curve parameters for body weight of Madura cattle

Model Sex A B k w; ti Iteration
Male 220.80+8.12 7.10+0.33 0.18+0.01 110.40 10.89 6
Logistic
Female 218.02+7.92 7.31+0.34 0.19+0.01 109.01 10.47 6
Male 277.72+18.85 2.48+0.05 0.09+0.01 102.10 10.09 5
Gompertz
Female 274.13+18.40 2.51+0.05 0.09+0.01 100.78 10.23 5
Male 333.92+33.08 0.60+0.01 0.06+0.01 98.94 9.80 5
Bertalanffy
Female 329.83+32.35 0.60+0.01 0.06+0.01 97.73 9.80 5
A: the asymptotic weight (kg) when times goes to infinity; B: scaling parameters (constant of integration); k: maturing rate (kg/month); t: time
(month); Wi: weight of inflection (kg); ti: time of inflection (month)

Table 6. The goodness-of-fit criteria for the studied growth models

Sex Model R? RMSE AIC BIC
Logistic 0.68 36.80 13.531.09 13.547.70
Male Gompertz 0.70 35.23 13.518.02 13.534.63
Bertalanffy 0.68 36.67 13.514.44 13.531.05
Logistic 0.70 35.09 12.376.97 13.393.35
Female Gompertz 0.68 36.64 12.363.37 12.379.75
Bertalanffy 0.70 35.05 12.359.64 12.376.02

R?: coefficient of determination; RMSE: root mean squared error; AIC: Akaike’s information criterion; BIC: Beyesian information criterion
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‘ Fig 1. The growth curve of body weight in Madura cattle. A-male, B- female
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‘ Fig 2. The growth rate of body weight in Madura cattle. A- male, B- female

in the study was 9.80-10.89 months. The R? value in each
model included of high category (0.60<R?<0.80). However,
the goodness-of-fit criteria showed that the G model
(R?>=0.70) can be selected as the best function to describe
growth of male Madura cattle with the lowest of RMSE,
AIC and BIC values (Table 6). Meanwhile, the B model as
the best function to describe growth of female Madura
cattle with the lowest of RMSE, AIC and BIC values. The
growth curve and the growth rate of BW in Madura cattle
were presented in Fig. 1 and Fig. 2, respectively. According
to the growth curve and the growth rate illustration, both
sexes have similar growth characteristics. In addition, the
number of iterations in the estimated non-linear model
were reached of 5 (L) to 6 (G and B),

Discussion

The A values (L/G/B) in dairy cows (Bos taurus) were
343.60/354.50/369.90kg®,213.00/543.40/1084.00 kg *"and
672.94/986.44/1565.60 kg %, In addition, the A values
(L/G/B) in several Bos taurus cattle breeds were 431.00/
481.00/517.00 kg in Belgian Blue '); 437.10/444.70/448.90
kg in Angus *'and 778.50/936.90/1098.00 kg in Podolica 2°!.
Meanwhile, the A values (L/G/B) in some Bos indicus cattle
breeds were 306.60/311.52/314.04 kg in Brahman cross 1'%
and 317.00/319.00/322.00 kg in Dhofari 2. In general,
the A value of L model in Madura and Turkish Holstein
(TH) cows 2" were under similar range (218.02 vs 213.00).
Therefore, the A value of B model in Madura and Dhofari

cattle ' were under similar range (329.83 vs 322.00 kg).
The mature weight of cattle can be influenced by farming
system and genetics factor.

The W, value (L/G/B) in Indonesian Holstein (IH) and
TH cows were 145.45/130.41/109.60 kg ® and 336.47/
362.89/463.88 kg *®, respectively. Hence, the W, value in
observed Madura cattle was lower than IH and TH cows.
Moreover, the W, values (L/G/B) in several Bos taurus
cattle breeds were 215.50/176.84/153.19 kg in Belgian
Blue "); 218.55/163.49/133.01 kg in Angus *'and 389.30/
344.70/325.30 kg in Podolica %, Therefore, the W, values
(L/G/B) in some Bos indicus cattle breeds were 153.30/
143.03/93.05 kg in Brahman cross "; 174.00/132.00/108
kg in Ongole grade " and 158.00/117.00/95.40 kg in
Dhofari 3. The W;value of B model in Madura and Dhofari
cattle ' were under similar range (98.84/97.73 vs 85.40).
The W, value in cattle can be influenced by farming system
and genetics factor.

The t; values (L/G/B) in IH and TH cows were 7.55/6.45/4.99
months ®'and 10.92/10.23/13.22 months 2%, respectively.
Therefore, the t; value (L/G/B) in some Bos taurus cattle
breeds were 8.25/6.61/5.56 months in Belgian Blue I'%;
13.24/7.36/19.57 months in Angus and 13.87/12.39/11.70
in Podolica ?°. Therefore, the t; values (L/G/B) in some
Bos indicus cattle breeds were 7.81/6.57/2.33 months in
Brahman cross '%; 10.90/6.32/7.26 months in Ongole grade
and 7.00/5.00/9.00 months in Dhofari 3. The t;value of L
modelin Madura, TH 28 and Ongole grade "8 were under
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similar range (10.89/10.47vs 10.90 vs10.92). The inflection
point indicates several things of the presence of maximum
growth of livestock, age at puberty and the lowest point
in mortality.

The t, value in observed Madura cattle reveals that the
puberty age of Madura cattle was reached at about 11
months (L) or about 10 months (G). A previous study
reported that the puberty age in cattle was reached at
8-12 months B¢, Puberty age in cattle indicates that the
sexual organs of cattle developed and signed by sexual
behaviors of estrous (female) and flehmen libido (male).
In addition, cattle at 11 months of age were mentioned
as yearling age and used as the selection criteria for
breeding cow and bull. Hence, the heritability (h?) value
of yearling weight (YW) in Madura cattle was 0.54+0.18
(high category) and suggested that the YW trait can be
increased with selection program 57\, In cattle, the body
weight at puberty age was about 40% of adult weight =8,
Commonly, the puberty age in Bos indicus cattle was
higher than Bos taurus cattle 9. Puberty age can be
affected by genetic (breed) and environmental (climate,
nutrition, season) factors “%. However, the puberty age in
cattle can be increased by selection, crossbreeding, and
feed (nutrition) improvement ",

The G and B models are able to describe the growth of
observed male and female Madura cattle accurately with
high R?value (0.70) and lowest of RMSE, AIC and BIC. A
similar finding has been reported in Brahman cross cows
with B model as the best function rather than L and G
models ', In conclusion, the non-linear G and B models
can be used to predict the body weight of male and female
Madura cattle.

ACKNOWLEDGMENTS

This study was founded by The Indonesian Agency for
Agricultural Research and Development (IAARD). The
author would like to thank all the Indonesia Beef Cattle
Research Station of Grati Pasuruan teams who helped
carry out this research.

CONFLICT OF INTEREST

Authors declares that there is no conflict of interests.

AuTHOR CONTRIBUTIONS

HH and WPBP planned and designed the study, methods,
data analysis and manuscript preparation. All authors
participated in the study and concurred with the submission
and subsequent revisions submitted by the corresponding
author.

REFERENCES

1. Nugraha CD, Maylinda S, Nasich M: The characteristic of Sonok and
Kerapan cattle with different age at pamekasan regency Madura Island.

JTernak Tropika, 16 (1):55-60,2015.DOI: 10.21776/ub.jtapro.2015.016.01.9

2. Sulistiyoningtiyas I, Nurgiartiningsih VMA, Ciptadi G: Evaluation
of performance for body weight and vital statistic of Madura cattle based
on year of birth. JIPT, 5 (2): 40-43, 2017.

3. Ministry of Agriculture RI: Carcass Survey. Directorate General of
Livestock and Animal Health of Indonesia. p49, 2012.

4. Kutsiyah F, Kusmartono, Susilawati T: Comparative study of the
productivity of Madura cattle and its crossbred with Limousin in Madura
Island. JITV, 8 (2): 98-106, 2003. DOI: 10.14334/jitv.v8i2.379

5. Wulandari A, Nurgiartiningsih VMA, Kuswati, Susilorini TE,
Partogi PA: Kinship of several Indonesian local cattle by using DNA
mitochondrial COI. Int Res J Adv Eng Sci, 4 (3): 165-167,2019.DOI: 10.5281/
zen0do.3360535

6. Anggraeni A, Kurniawan N, Sumantri C: Growth performance of
Holsten-Friesian calves and heifers in the west area of KPSBU Lembang.
Available at http://www.repository.ipb.ac.id/handle/123456789/83496;
Accessed: 22.08.2020.

7. Tazkia R, Anggraeni A: Pattern and estimation of growth curve of
Friesian Holstein cattle in eastern area of KPSBU Lembang. Available at
htpp://www.docplayer.info; Accessed: 22.08.2020.

8. Salman LB, Noor RR, Saefuddin A, Talib C: Comparison on accuracy
of Logistic, Gompertz and Von Bertalanffy models in predicting growth of
new born calf until first mating of Holstein Friesian heifers. J Indonesian
Trop Anim Agric, 37 (3): 151-160, 2012. DOI: 10.14710/jitaa.37.3.151-160

9. Syawal S, Purwanto BP, Permana IG: Study on the correlaion between
body measuremen and feed intake on the growth performance of heifer
and calfat different topographical locations. JITP, 2 (3): 175-188, 2013.

10. Salman LB, Sumantri C, Noor RR, Saefuddin A, Talib C: Growth
curve of Frissian-Holstein birth to first mating age using logistic
mathematical model. IP, 23 (1): 75-84, 2014.

11. Salman LB, Sumantri C, Noor RR, Saefuddin A, Talib C: Holstein
growth curve of newborn calf until first mating based on birth rate. J Vet,
16 (1): 96-106, 2015.

12. Ratnasari D, Atabany A, Purwanto BP, Salman LB: Growth patterns
of Holstein Friesian dairy cow (FH) from birth to first child based on
mathematical analysis of the Gompertz model. Bullet Anim Sci, 43 (3):
184-187, 2019.

13. Pradana IYW, Sampurna IP, Suatha IK: The growth of body weight
dimensions of Bali calves. Bul Vet Udayana, 6 (1): 81-85, 2014.

14. Maharani D, Astuti M, Sumadi: Evaluation of application of non
linear mathematical models prediction of growth rate of Brahman cross
cows in PT Buli. Agrosains, 14 (3): 339-346, 2001.

15. Karnaen: Curve model growth female and male Madura cattle pre
weaning period. JIT, 7 (1): 48-51, 2007.

16. Widyas N, Prastowo S, Widi TSM, Baliarti E: Predicting Madura
cattle growth curve using non-linear model. Conference of 4" International
Conference on Sustainable Agriculture and Environtment. 10-12 August,
Surakarta, Indonesian, 142:012006, 2018. DOI: 10.1088/1755-1315/142/
1/012006

17. Putra WPB, Sumadi, Hartatik T, Saumar H: Estimation of body
weight’s growth curve in Aceh cattle (Bos indicus). JITPI, 4 (1): 166-171,
2018. DOI: 10.29303/jitpi.v3i1.14

18. Maharani D, Amrullah AHK, Widayati DT, Sumadi, Fathoni A,
Khusnudin M: Predicting the age and weight at puberty of Ongole
grade cattle and using nonlinear mathematical model in Kebumen
Farmer Association. J Indonesian Trop Anim Agric, 42, 233-239, 2017. DOI:
10.14710/jitaa.42.4.233-239

19. Behr V, Hornick JL, Cabaraux JF, Alvarez A, IstasseL: Growth
patterns of Belgian Blue replacement heifers and growing males in
commercial farms. Livest Prod Sci, 71, 121-130, 2001. DOI: 10.1016/S0301-
6226(01)00191-9

20. Mgbere 0O, Olutogun O: A comparison of non-linear models for
describing weight-age relationships in N'Dama cattle. JAnim Appl Res, 22,
225-230,2002. DOI: 10.1080/09712119.2002.9706402

21. Forni S, Piles M, Blasco A, Varona L, Oliveira HN, Lobo RB,



Research Article

437
HARTATI, PINTAKA BAYU PUTRA

Albuquerque LG: Comparison of different nonlinear functions to
describe Nellore cattle growth.JAnim Sci, 87,496-506, 2009. DOI: 10.2527/
jas.2008-0845

22. Santos SA, Souza GS, Costa C, Abreu UGP, Alves FV, itavo
CV: Growth curve in Nellore calves reared on natural pasture in the
Pantanal. R Bras Zootec, 40 (12): 2947-2953, 2011. DOI: 10.1590/51516-
35982011001200043

23. Bahashwan S, Alrawas AS, Alfadli S, Johnson ES: Dhofari cattle
growth curve prediction by different non-linear model functions. Livest
Res Rural Dev, 27 (12): 2015.

24. Cano G, Blanco M, Casasus |, Cortes-Lacruz X, Villalba D:
Comparison of B-splines and non-linear functions to describe growth
patterns and predict mature weight of female beef cattle. Anim Prod Sci,
56,2161-2161,2016.DOI: 10.1071/AN15089_CO

25, Goldberg V, Ravagnolo O: Description of the growth curve for
Angus pasture-fed cows under extensive systems. J Anim Sci, 93, 4285-
4290, 2015. DOI: 10.2527/jas.2015-9208

26. Selvaggi M, Laudadio V, D’Alessandro AG, Dario C, Tufarelli V:
Comparison on accuracy of different nonlinear models in predicting
growth of Podolica bulls. Anim Sci J, 88 (8): 1128-1133,2017.DOI: 10.1111/
asj.12726

27. Koskan O, Ozkaya S: Determination of growth curves of female
Holstein calves using five non-linear models. Pak J Agric Sci, 51 (1): 225-
228,2014.

28. Tutkun M: Growth curve prediction of Holstein-Fresian bulls using
different non-linear model functions. Appl Ecol Environ Res, 17 (2): 4409-
4416, 2019.

29. Lawrence TLJ, Fowler VR: Growth of Farm Animals. 2™ ed., 341, CAB
International, Wallingford, 2002.

30. Fitzhugh H: Analysis of growth curve and strategies for altering their

shape.JAnim Sci, 42 (4): 1036-1051, 1976. DOI: 10.2527/jas1976.4241036x

31. Naring D, Naring NO, Aygiin A: Growth curve analyzes in poultry
science. World’s Poult Sci J, 73 (2): 395-408, 2017. DOI: 10.1017/
S0043933916001082

32.Yakupoglu C, Atil H: Comparison of growth curve models on broilers
Il. Comparison of models J Biol Sci, 1 (7): 682-684, 2001. DOI: 10.3923/
jbs.2001.682.684

33.Yang Y, Mekki DM, Lv LJ, Wang LY, Yu JH, Wang JY: Analysis of fitting
growth models in Jinghai mixed-sex Yellow chicken. Int J Poult Sci, 5 (6):
517-521, 2006.

34. Rickleft RE: Patterns of growth in birds. Ibis, 110 (4): 419-451, 1968.
35. Hojjati F, Hossein-Zadeh NG: Comparison of non-linear growth
models to describe the growth curve of Mehraban sheep. J Appl Anim Res,
46 (1): 499-504, 2018.

36. Bath DI, Dickinson FN, Tucker HA, Appleman RD: Dairy Cattle:
Principles, Practices, Problems, Profits. 473, Lea & Febiger, London, 1985.
37. Tribudi YA, Nurgiartiningsih VMA, Prihandini PW: Estimates of
heritability for growth traits in Madura cattle. JIIP, 29 (2): 152-157,2019.
38. Getzewich KE: Hormonal regulation of the onset puberty in purebred
and crossbred Holstein and Jersey heifers. MSc Thesis, The Virginia
Polytechnic Institute and State University, Virginia, 2005.

39. Sargentini C, Bozzi R, Rivera PD, Giorgetti A, Martini A, Lupi P,
Cazzola PL, Beltempo S, Carelli T: Onset of puberty in Maremmana
heifers. Ital J Anim Sci, 6, 385-394, 2007. DOI: 10.4081/ijas.2007.385

40. Mohamed AA, Babiker IA, Eltayeb AE: Effect of concentrate
supplementation on growth and sexual development of dairy heifers. J
Appl SciRes, 6 (3): 212-217, 2010.

41.Nogueira GP:Pubertyin South American Bosindicus (Zebu) cattle.Anim
Reprod Sci, 82-83,361-372, 2004. DOI: 10.1016/j.anireprosci.2004.04.007



