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Running Head : GH gene and growth model analysis on goat  1 

 2 

Appropriate Growth Models to Describe Early Growth of Kejobong Goat Based 3 

on Growth Hormone (GH) Gene Sequence Analysis 4 

 5 

 6 

ABSTRAK 7 

Tujuan penelitian yaitu untuk menemukan model pertumbuhan yang tepat dalam 8 

mendeskripsikan pertumbuhan awal kambing Kejobong berdasarkan analisis sekuen gen 9 

Growth Hormon (GH). Materi penelitian menggunakan 35 sampel DNA dan 1.960 10 

catatan sifat kuantitatif kambing Kejobong. Sampel DNA diamplifikasi dan disekuensing 11 

untuk mengidentifikasi SNP yang terdapat pada gen GH ekson 3. Pengukuran dan 12 

penimbangan bobot badan dan ukuran tubuh dilakukan pada umur 0-14 minggu. Empat 13 

model pertumbuhan non-linier diaplikasikan untuk menganalisis pertumbuhan guna 14 

membandingkan performan pertumbuhan dari berbagai genotipe dengan menggunakan 15 

Non-Linear Mixed model. Mutasi non-sinonim (g1170A→G) pada gen GH ekson 3  yang 16 

membentuk genotipe GG, AG dan AA secara signifikan berasosiasi dengan sifat 17 

pertumbuhan. Kambing Kejobong bergenotipe heterozigot AG menunjukkan sifat 18 

pertumbuhan yang lebih tinggi dibandingkan dengan kambing Kejobong bergenotipe 19 

homozigot AA. Meskipun demikian, kambing Kejobong bergenotipe homozigot GG 20 

memiliki sifat pertumbuhan yang sama dengan kambing Kejobong bergenotipe  21 

heterozigot AG dan homozigot AA. Model pertumbuhan yang paling tepat untuk 22 

mendeskripsikan bobot badan kambing Kejobong adalah model Von Bertalanffy, 23 

sedangkan untuk menggambarkan tinggi badan dan tinggi pinggul adalah model Brody. 24 

Commented [F1]: Saya belum menemukan hubungan atau 
titik integrasi antara model pertumbuhan yg dianalisis dan 
dibahas dalam tulisan ini dengan analisis sekuen gen GH baik 
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Dua analisis (model matematik) dan analisis sekuen masih 
terilihat dibahas satu per satu blm ada analisis dan diskusi 
integrasi antar keduanya. 
 
Mohon diperjelas integrasinya dalam statement teori dan 
analisis methodologynya 
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pertumbuhan? Dan apakah data catatan sifat yang dipakai 
untuk analisis model matematik bagian dari data yang 
dipakai untuk analisis asosiasi (genotip dan fenotip) ➔ 
mohon diperjelas terutama di method dan data analysis 
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SNP pada gen GH ekson 3 dapat digunakan sebagai penanda genetik untuk perbaikan 25 

sifat pertumbuhan kambing Kejobong. 26 

 27 

Kata Kunci : Analisis Pertumbuhan, GH, Kambing, Model Matematika, SNP 28 

 29 

ABSTRACT 30 

Objectives of this study were to reveal appropriate growth models describing early 31 

growth of Kejobong goat based on Growth Hormone (GH) gene sequence analysis. A 32 

total of 35 DNA samples and 1.960 records of quantitative traits of Kejobong goat were 33 

collected. The exon 3 of GH gene was amplified and was sequenced to determine the 34 

SNP. Body weight and body measurements of the goats were taken at 0-14 weeks of age. 35 

Four non-linear growth models were applied for analysis of growth to compare growth 36 

performance of different genotypes by Non-Linear Mixed Model. A non-synonymous 37 

mutation (g1170A→G) genotyped into GG, AG and AA was significantly associated with 38 

growth traits. Animals with heterozygous genotype AG showed higher growth traits than 39 

animals with homozygous genotype AA. Nonetheless, animals with homozygous 40 

genotype GG had the same growth traits with those animals with heterozygous genotype 41 

AG and homozygous genotype AA. The most fitted model for describing body weight 42 

was Von Bertalanffy model, while for describing wither height and hip height was Brody 43 

model. SNP at exon 3 of the GH gene can be used as genetic marker for improvement of 44 

growth traits of Kejobong goats. 45 

Keywords: GH, Goat, Growth analysis, Mathematical models, SNP 46 

 47 

INTRODUCTION 48 

Commented [F5]: Bagaimana hasil evalusi dr 
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menggunakan estimasi empat model pertumbuhan non-
linier dan performan pertumbuhan dari berbagai genotype. 
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menganalisis pertumbuhan guna membandingkan 
performan pertumbuhan dari berbagai genotipe” 
 
Kalimat ini sebenarnya yg menjadi core dari tulisan ini 
sehingga state of the art dr penelitian ini jadi terlihat jelas 
ada integrasi antara analisis model pertumbuhan dan analisis 
gen GH. Tapi seperti saya sebutkan diatas, manuskrip ini 
masih membahas partially each analysis approaches seolah-
olah terspisah sehingga belum nampak comprehensive 
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Kejobong goat is one of indigenous Indonesian breeds, which only exists in 49 

Purbalingga District, Central Java Province, Indonesia, and it is conventionally raised by 50 

local farmers. This goat belongs to Southeast Asian lineage and is confirmed to be 51 

descendant from crossbred of Kacang and Etawah Grade goats (Kurnianto et al., 2012; 52 

Kurnianto et al., 2013; Lestari et al., 2018A; Lestari et al., 2018B).  As the meat animals, 53 

Kejobong goat had 41.30% carcass yield that comprised 67.06% meat and 32.94% bone, 54 

while its meat is known to have less cholesterol than meat of Kacang and Etawah Grade 55 

goat (Aqsa et al., 2011). Kejobong goat is popular at the district because of its high rate 56 

of growth, good reproductive performance, high resistance to local diseases and parasites 57 

and ability to survive and growing ability under poor feeding conditions (Kurnianto et al., 58 

2012; Febriana et al., 2017). However, the breeders often have difficulty to satisfy the 59 

market demand on slaughtering weight. This is probably due to limited information of 60 

appropriate breeding strategy for Kejobong goat to accomplish the breeding goal of high 61 

meat productivity.  62 

Growth analysis can provide valuable information about mature weight, growth 63 

rate and mature time. Growth rate and body weight of animal at different ages influence 64 

productivity of meat and have deterministic effects on the profitability of meat production 65 

(Kheirabadi and Rashidi, 2019). Particularly, growth rate has large effect on meat 66 

producing efficiency up to slaughtering age which is crucial for economic success of 67 

animal production (Abbasi et al., 2012). According to Junior et al. (2013) and Ripoll et 68 

al. (2016), animals that have a large frame size of body tend to have higher potential of 69 

growth and have a higher proportion of meat. Therefore, besides body weight, body size 70 

is also important trait to be considered for performing animal selection. Study of growth 71 

analysis has been done by previous researchers (Waheed et al., 2011; Setiaji et al., 2013; 72 

Commented [F7]: This sentences do not support or relate 
directly to the topic (growth), so I suggest to delete it or   
If the authors still put the sentence, I suggest the author 
should consider with the statement in line 69-70 : animals 
that have a large frame size of body tend to have higher 
potential of growth and have a higher proportion of meat. 
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Zadeh et al., 2015; Raji et al., 2015; Lupi et al., 2016; Zadeh and Gorbani, 2018; Ghiasi 73 

et al., 2018; Rout et al., 2018; Kheirabadi and Rashidi, 2019), however they were only 74 

using phenotypic data into analysis. In this study, conventional growth analysis was 75 

modified by including genotype records to growth analysis. 76 

Early growth of kids is an economically important trait that affecting profitability 77 

in goat production (Baranzadeh et al., 2012; Moghbeli et al., 2013; Sadeghi et al., 2019). 78 

Physiologically, growth of an animal is a result from a complex process of metabolism 79 

including a coordinated action of several hormones that controlled by expression of their 80 

responsible genes (Mahrous et al., 2018). Growth Hormone (GH) gene is one of 81 

numerous genes which have large effect on growth performance of an animal. GH gene 82 

is encoding growth hormone that produces in anterior pituitary and is necessary for 83 

postnatal growth and metabolism in vertebrates (Ge et al., 2003). This hormone is known 84 

to have a broad impact on biological activity in all body cells, such as controlling and 85 

coordinating the flow rate of metabolic process, enhancing glycogen, protein, DNA and 86 

RNA biosynthesis and promoting the deposition of fat and the disintegration of fatty acids 87 

and glucose in the tissue (Gorlov et al., 2017; Wickramaratne et al., 2010; Othman et al., 88 

2015; Seevagan et al., 2015; Singh et al., 2015). Therefore, GH gene is considered to be 89 

a prime factor which affects growth performance of an animal.  90 

Based on these backgrounds, effect of GH gene on growth traits, especially from 91 

a point of genetic improvement is important to build breeding plan for high meat 92 

productivity. Prospectively, result of this study is not only suggesting appropriate 93 

management practice for improving production for the breeders, but also providing 94 

information of genetic marker in Kejobong goat for breeding selection in the future 95 

through Marker-Assisted Selection (MAS) and/or Marker-Assisted Introgression (MAI) 96 
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and appropriate mathematical growth models of Kejobong goat. Therefore, objective of 97 

this study was to reveal to reveal appropriate growth models describing early growth of 98 

body weight and body measurement of Kejobong goat based on the effect of Growth 99 

Hormone (GH) gene sequence analysis.  100 

 101 

MATERIALS AND METHODS 102 

Ethical approval 103 

All procedure involving animals were based on the standard rule of animal 104 

treating as appointed in the Republic of Indonesia’s law, number 41, 2014. 105 

Sampling and data collection 106 

A total of 35 blood samples and 1.960 quantitative traits records of Kejobong goat 107 

were collected from Purbalingga District, Central Java Province, Indonesia. Quantitative 108 

traits records comprised body weight (BW), wither height (WH), chest depth (CD), chest 109 

width (CW), hip height (HH), hip width (HW) and heart girth (HG) at 0, 2, 4, 6, 8, 10, 12 110 

and 14 weeks of age.  111 

DNA extraction, Polymorphism Chain Reaction (PCR) and sequencing 112 

 Blood samples for DNA analysis were taken by 3cc spuit from jugular venous 113 

that previously cleaned with alcohol. The blood was then collected in vacutainer blood 114 

collection tubes with an anticoagulant (EDTA). DNA was extracted from whole blood by 115 

gSYNC DNA mini kit (Geneaid Biotech, Taiwan) according to the manufacturer’s 116 

standard protocol for PCR and sequencing analysis.  117 

Forward primer F: 5’-TAGAAATGGGGGTGTGTGGGGT-3’ and reverse 118 

primer R: 5’-CATCCTCCACTGCCATCCAACA-3’ (Sigma-Aldrich, Japan) were used 119 

to amplify GH gene exon 3. PCR was carried out in total volume 50 μL comprising 1 μL 120 
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KOD Plus (Toyobo, Japan), 5 μL buffer, 5 μL dNTP, 2 μL MgSO4, 1.5 μL forward primer, 121 

1.5 μL reverse primer, 32 μL PCR water and 2 μL DNA template. PCR amplification was 122 

running with an initial denaturation at 94°C for 2 min, followed by 40 cycles of 123 

denaturation at 94°C for 15 sec, primers annealing 66.8°C for 30 sec and extension at 124 

68°C for 19 sec. PCR products were electrophoresed using 1.3% Agarose gel at 110 V 125 

for 20 min. PCR products were then visualized by UV trans-illuminator and was 126 

sequenced through Fasmac sequencing service, Japan. 127 

Data analysis 128 

Allelic and genotypic frequencies were directly calculated. Hardy-Weinberg 129 

Equilibrium (HWE) was tested using chi-square statistic (χ2) as follows:  130 

χ2 ( )

=

−
=

k

i 1 i

2

ii

e
eo  , 131 

where χ2 is the Chi square value; oi the observed value of genotype frequency, ei the 132 

expected value of genotype frequency, χ2 the table using 5% significance level for HWE 133 

test.  134 

Heterozygosity (H) was calculated as follows: 135 

H = 1 –
=

k

i

p

1

2
i , 136 

where H is the value of heterozygosity and pi the frequency of the ith of k alleles. 137 

Sequencing result alignment was analyzed by Clustal W (Thompson et al., 1994) 138 

with Molecular Evolutionary Genetics Analysis (MEGA6.0) (Tamura et al., 2013) to find 139 

out the SNP within animals. Sequencing result then was translated into amino acids form 140 

by standard genetic code to identify amino acid alteration that caused by SNP. 141 
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Linear Mixed Model (LMM) was used to analyze association between genotype 142 

with quantitative traits by MIXED procedure in Statistical Analysis System (SAS 9.3) 143 

(SAS Institute Inc, 2011). The model was:  144 

yijkl = µ + Gi + Fj + uk + b1ɑijkl + b2ɑ
2
ijkl + eijkl, 145 

where yijkl is the observed value of a dependent variable (body weight or body 146 

measurements); µ the overall mean of the population; Gi the fixed effect of ith genotype 147 

(i = 1 for GG, 2 for AG, 3 for AA); Fj the fixed effect of jth farm group (j = 1, 2, 3, 4); uk 148 

the random effect of kth animal; b1 and b2 the linear and quadratic coefficients of partial 149 

regression, respectively; l
th individual measurement, ɑijkl age in days of a covariate and 150 

eijkl the random residual for yijkl. Difference in the least square means of the genotypes 151 

was tested by the Tukey-Kramer (Tukey, 1949). 152 

The nonlinear growth models comprised Brody (Brody, 1945), Von Bertalanffy 153 

(Bertalanffy, 1938), Logistic (Verhulst, 1838) and Gompertz (Gompertz, 1825) and they 154 

were compared by describing animal growth (Table 1).  Growth models were analyzed 155 

using Nonlinear Mixed Model (NLMM) by NLMIXED procedure of SAS 9.3 (SAS 156 

Institute Inc, 2011). Body weight or body measurements as dependent variables are 157 

influenced by genotype and age. Therefore, dummy variables were created to assess the 158 

effect of qualitative variables on dependent variables according to the method by Filho et 159 

al. (2014). The NLMIXED procedure was used in this study due to its flexibility in 160 

engaging the variance covariance structure which could not be identified by traditional 161 

regression approach. Also NLMIXED has ability to handle unbalance data (Aggrey, 162 

2009; Galeano-Vasco et al., 2014). This procedure can reduce potential biases despite 163 

selective sampling and supply supplemental parameters that characterize variation 164 

between individual animals (Craig and Schinkel, 2001).  165 
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The models were tested for goodness of fit using -2 log likelihood, Akaike 166 

Information Criterion (AIC) (Akaike, 1974), Bayesian Information Criterion (BIC) 167 

(Schwarz, 1978) and the residual variances (σ2
e). AIC and BIC were calculated by the 168 

following formula: 169 

AIC = n ln 








n

SSE
+ 2k 170 

BIC = n ln 








n

SSE
+ k ln (n) 171 

where n is the number of observation; SSE the Sum Square Errors and k the number of 172 

parameters. Smaller values of AIC, BIC or σ2
e indicate the best fit of the model to the 173 

observations.  174 

 175 

RESULTS 176 

Result showed that a total 117 bp of GH gene exon 3 encoding 38 amino acid 177 

sequence were well amplified. Sequencing result revealed 5 SNPs as transition mutation 178 

in parsimonious form, which were g1121A→G (SNP1), g1148T→C (SNP2), 179 

g1160A→G (SNP3), g1170A→G (SNP4) and g1178C→T (SNP5). Genotype 180 

frequencies of Kejobong goats were not different from HWE, and the frequency of 181 

heterozygosity was 49% (Table 2). The estimated allele of the GH gene exon 3 in this 182 

study was 57% and 43% for G and A, respectively. Frequencies of genotypes GG, AG 183 

and GC were 37%, 40% and 23%, respectively, so that G allele and heterozygous 184 

genotype AG were predominant in this locus.  185 

Test of significance showed that the fixed effect of genotype together with effect 186 

of farm and linear and quadratic coefficients of age were statistically significant (P<0.05) 187 

in BW while the fixed effect of genotype and linear and quadratic coefficients of age were 188 
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statistically significant (P<0.05) in WH, and the fixed effect of genotype, age of doe and 189 

linear and quadratic coefficients of age were statistically significant (P<0.05) in HH. 190 

Conversely, the fixed effect of genotype was not significant in CD, CW, HW and HG 191 

(Table 3).  192 

Animals of genotype AG demonstrated the highest BW, HW and HH then it 193 

followed with animals of genotype GG and AA (Table 4). Comparing genotypes at 194 

different periods, BW0 and BW6 in animals of genotype AG (4.35 kg and 8.40 kg) were 195 

significantly heavier (P<0.05) than animals of genotype AA (3.40 kg and 6.59 kg), while 196 

animals of genotype GG (3.84 kg and 6.97 kg) showed no significant difference with 197 

genotype AG and AA. However, there were no significant effect of genotype at BW2, 198 

BW4, BW8, BW10, BW12 and BW14.  199 

Significant difference between genotypes for body measurements were observed 200 

in wither height (WH6, WH10, and WH14) and hip height (HH12 and HH14). Similar to 201 

body weight, animals of genotype AG had significantly (P<0.05) higher wither and hip 202 

heights than those animals of genotype AA, but there was no significant difference 203 

between animals of genotype GG with animals of genotype AG and AA (Table 5). 204 

Estimated parameters for body weight, wither height and hip height are presented 205 

in Table 6, respectively. Growth analysis showed that Von Bertalanffy model had the 206 

lowest -2 log likelihood, and two criteria AIC and BIC compared with the other models 207 

indicating this model as the best model for describing growth of body weight in Kejobong 208 

goat. On the other hand, the highest -2 log likelihood, AIC and BIC were obtained in 209 

Logistic model. Brody model in this study showed fit to wither height and hip height well 210 

according to its value of -2 log likelihood, AIC and BIC, which was lower than Gompertz, 211 

Logistic and Von Bertalanffy model.  212 
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Von Bertalanffy model fitted best to body weight, estimated 23.01 kg mature body 213 

weight (a), 0.39 integration constant (b) and 0.01389 growth rate (k). The best estimated 214 

for wither height and hip height by Brody model were 54.65 cm and 58.91 cm for 215 

parameter a; 0.37 and 0.36 for parameter b; 0.01577 and 0.01647 for parameter k. In this 216 

study, the estimated parameter b for body weight, wither height and hip height were 0.39, 217 

0.37 and 0.36 respectively.  218 

Furthermore, estimated parameter k of body weight in Von Bertalanffy model was 219 

0.01389. Negative correlation was found between parameter k and parameter a (Table 7). 220 

This result was confirmed by the fact that Brody model in this study had the slowest 221 

parameter k (0.006948) in body weight, yet it had the highest estimated parameter a 222 

(25.29 kg) among the others. Similarly, the highest parameter k in wither height (0.2606) 223 

and hip height (0.02341) had the lowest estimated parameter a (50.78 cm, 56.26 cm) in 224 

Von Bertalanffy and Logistic models respectively.  225 

Representing variability among individual animals, estimated animal variance 226 

(σ2
u) of the body weight in this study was 5.78. The higher the variance, the greater the 227 

difference is realized among animals.  Furthermore, residual variance (σ2
e) of the body 228 

weight in this study was 0.31 that indicated the gap between predicted value and observed 229 

value. Repeatability of body weight by intra-class correlation was 0.95 this study.  230 

 231 

DISCUSSION 232 

SNP2 of this study was also found in a report analyzing GH gene of Chinese goat 233 

(An et al., 2010). Among five SNPs in this study, translation result showed SNP4 causing 234 

amino acid alteration which changes amino acid sequence in GH gene exon 3. SNP4 as 235 

non-synonymous mutation changed the first triplet codon of AGC encoding Serin to GGC 236 
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encoding Glycine (Figure 1) and we used it to distinguished as GG, AG and AA 237 

genotypes, whereas the other SNPs were silent mutation (SNP1 CAG>CAA(Gln); SNP2 238 

TCT>TCC(Ser); SNP3 CCA>CCG(Pro); SNP5 AAC>AAT(Asn)). According to Nei and 239 

Kumar (2000), most of synonymous amino acid was found due to substitution of 240 

nucleotides in the third codon, while substitution of nucleotides in the first and second 241 

codon generate non-synonymous amino acid. Therefore, non-synonimous mutation that 242 

change amino acid sequence in exon region may change the peptide sequence of the 243 

encoded protein and influence the function of the protein, which was growth hormone in 244 

this study. This hormone has substantial metabolic effects on somatic growth, stimulation 245 

of protein synthesis and cellular uptake of amino acids and development of body 246 

composition (Hjortebjerg et al., 2017). 247 

 Result in this study agreed with a result by Dayal et al. (2016), in which goats 248 

with heterozygous genotype AC had the heaviest body weight among five observed 249 

genotypes in Black Bengal goat. Gorlov et al. (2017) reported their study in Salsk sheep 250 

that sheep with AB genotype significantly had heavier body weight, average daily gain 251 

and carcass weight than sheep with AA genotype. A contradictory result was reported by 252 

An et al. (2011) that goats with homozygous genotype AA significantly had higher body 253 

weight than those of heterozygous genotype AB at age of one and three months old in 254 

Chinese goat, however, wither height showed no significant difference. The different 255 

results seem to be due to genetic difference that leads to different structure of GH gene 256 

and limited number of observations. Therefore, further study is necessary to validate the 257 

predominant effect of heterozygote of GH gene with a larger number of animals and more 258 

sampled observations. 259 
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The best model for describing growth of body weight in this study was different with 260 

previous study by Kheirabadi and Rashidi (2019), reported that Logistic model fitted 261 

worst to body weight, while Brody model fitted most accurately to body weight of 262 

Markhoz goat. In this study, estimated mature body weight (a) was 23.01 kg implying 263 

that Kejobong goat had heavier mature body weight than Raeini Cashmere goat (17.97 264 

kg) (Ghiasi et al., 2018) and Nondescipt goat (6.42 to 10.55 kg) (Raji et al., 2015) but 265 

lighter body weight than Beetal goat (23.39 kg) (Waheed et al., 2011). Those values of 266 

parameter b for body weight, wither height and hip height in this study were described to 267 

represent the proportion of mature weight attained after birth, calculated by the initial 268 

weight and age value (Lupi et al., 2016). On the other hand, Ghiasi et al. (2018) stated 269 

that parameter b is a scale parameter that has no biological interpretation. Waheed et al. 270 

(2011) reported higher estimated values of parameter k (0.1077) in Beetal goat by Brody 271 

model. Other researchers estimated parameter k as much as 0.017 in Cashmere goat 272 

(Ghiasi et al. 2018) and 0.0108 in Repartida goat (Pires et al., 2017) by applying 273 

Gompertz model, so that Kejobong goat in this study is considered to attain mature weight 274 

later than Beetal and Cashmere goats but earlier than Repartida goat. 275 

Negative correlation between parameter k and parameter a indicated the slower 276 

growth rate, the larger mature weight, vice versa. Previous studies supported this results. 277 

Kurnianto et al. (1998) reported that animals with slower growth rate tended to have 278 

estimated heavy body weight at maturity. Brown et al. (1976) stated that selection for 279 

increasing growth rate tended to decrease mature weight, yet its antagonistic association 280 

could be minimized by cross-breeding and improving feed quality. On other hand, 281 

previous study by Ghiasi et al. (2018) showed lower animal variance (1.29) and higher 282 

residual variance (8.01) on growth analysis of Raeni Cashmere goat using Gompertz 283 
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model than the present study. Repeatability of body weight in this study was higher than 284 

repeatability value of South African Angora goat (Snyman and Olivier, 1999) and 285 

Boerawa goat (Beyleto et al., 2010). The high repeatability in this study may be resulted 286 

by the fact that systematic factors affecting body weight were fitted as many as possible 287 

in NLMM and that earlier body weight was a component of latter body weight.  288 

The NLMIXED procedure used in this study has flexibility in engaging the 289 

variance covariance structure which could not be identified by traditional regression 290 

approach. Also NLMIXED has ability to handle unbalance data (Aggrey, 2009; 291 

Galeano-Vasco et al., 2014). This procedure can reduce potential biases despite selective 292 

sampling and supply supplemental parameters that characterize variation between 293 

individual animals (Craig and Schinkel, 2001). Therefore, this procedure can facilitate 294 

growth analysis by including genotype information and estimates accurately the growth 295 

performance of Kejobong goats. 296 

Please add one section to discuss the integrasion between molecular analysis and 297 

growt model analysis 298 

CONCLUSION 299 

 SNP g1170A→G in GH gene is associated with growth traits and can be used as 300 

genetic marker for animal selection to improve goat’s growth performance. Animals with 301 

heterozygous genotype AG showed higher growth performance than homozygous 302 

genotype AA. Nonetheless, animals with homozygous genotype GG showed no 303 

difference with either heterozygous genotype AG or homozygous genotype AA. Model 304 

(y = 23.01 (1 – 0.39 e–0.01389age)3) by Von Bertalanffy, y = 54.65 (1 – 0.37 e–0.01577age) and 305 

y = 58.91 (1 – 0.36 e–0.01647age) by Brody were fitted well to describe body weight, wither 306 

height and hip height of Kejobong goat, respectively.  307 



14 

 

Acknowledgement??? 308 

REFERENCES 309 

Abbasi, M., R. Abdollahi-Arpanahi, A. Maghsoudi, R. V. Torshizi and A. Nejati-310 

Javaremi. 2012. Evaluation of models for estimation of genetic parameters and 311 

maternal effects for early growth traits of Iranian Baluchi sheep. Small Rumin. 312 

Res. 104: 62-69.  313 

Aggrey, S. E. 2009. Logistic nonlinear mixed model for estimating growth parameters. 314 

Poult. Sci. 88: 276-280. 315 

Akaike, H. 1974. A new look at the statistical model identification. IEEE Transactions on 316 

Automatic Control 19: 716-723. 317 

An, X. P., J. X. Hou, L. X. Wang, G. Li, J. G. Wang, Y. X. Song, G. Q. Zhou, D. Han,  318 

L. Ling and B. Y. Cao. 2010. Novel polymorphisms of growth hormone gene and 319 

their effect on growth traits in Chinese goats. Meat Sci. 86: 758-763.  320 

An, X. P., L. X. Wang, J. X. Hou, G. Li, Y. X. Song, J. G. Wang, M. M. Yang, Y. H. Cui, 321 

and B. Cao. 2011. Novel polymorphisms of goat growth hormone and growth 322 

hormone receptor genes and their effects on growth traits. Mol. Biol. Report 38: 323 

4037-4043.  324 

Aqsha, G. E., E. Purbowati and A. N. Al-Baari, A. N. 2011. Komposisi kimia daging 325 

kambing Kacang, Peranakan Etawah dan Kejobong jantan pada umur satu tahun. 326 

Workshop Nasional diversifikasi pangan daging ruminansia kecil. p: 105-109. 327 

Baranzadeh, A., S. M. Moghbeli, M. Vatankhah and M. Mohammadabadi. 2011. 328 

Estimating non-genetic and genetic parameter of pre-weaning growth traits in 329 

Raini Cashmere goat. Trop. Anim. Health Prod. 44: 811-817.  330 



15 

 

Bertalanffy, L. V. 1938. A quantitative theory of organic growth (Inquiries on growth 331 

laws. II). Hum. Biol. 10: 181-213. 332 

Beyleto, V. Y., S. Sumadi and T. Hartatik. 2010. Estimasi parameter genetik sifat 333 

pertumbuhan kambing Boerawa di Kabupaten Tanggamus Propinsi Lampung. 334 

Buletin Peternakan 34: 138-144.  335 

Brody, S. 1945. Bioenergetics and growth; with special reference to the efficiency 336 

complex in domestic animals. Reinhold Publishing Corporation, New York. 337 

Brown, J. E., H. A. Fitzhugh and T. C. Cartwright. 1976. A comparison of nonlinear 338 

models for describing weight-age relationships in cattle. J. Anim. Sci. 42: 810-339 

818.  340 

Craig, B. A. and A. P. Schinckel. 2001. Nonlinear mixed effects model for swine growth. 341 

The Professional Animal Scientist, 17: 256-260.  342 

Dayal, S., R. Kumari, A. Dey and B. Kumar. 2016. PCR-SSCP of growth hormone gene 343 

and its association with body weight in Black Bengal goat. Indian J. Anim. Sci. 344 

86: 1283-1286. 345 

Febriana, A., S. Sutopo and E. Kurnianto. 2017. Identification of BMP15 exon 2 for 346 

fecundity traits by PCR-RFLP and nucleotide sequences in Kejobong goat. J. 347 

Indo. Trop. Anim. Agric. 42: 220-226. 348 

Filho, R., L. O. Tedeschi, M. T. Rodrigues, L. F. Brito and T. S. Oliveira. 2014. 349 

Comparing of growth curves of two genotypes of dairy goats using nonlinear 350 

mixed models. J. Agric. Sci., 152: 829-842.  351 

Galeano-Vasco, L. F., M. F. Ceron-Munoz and W. Narvaez-Solarte. 2014. Ability of non-352 

linear mixed models to predict growth in laying hens. Revista Brasileira de 353 

Zootecnia, 43: 573-578.  354 



16 

 

Ge, W., M. E. Davis, H. C. Hines, K. M. Irvin and R. C. Simmen. 2003. Association of 355 

single nucleotide polymorphism in the growth hormone and growth hormone 356 

receptor genes with blood serum insulin-like growth factor I concentration and 357 

growth traits in Angus cattle. J. Anim. Sci. 81: 641-648.  358 

Ghiasi, H., T. M. Lupi and M. S. Mokhtari. 2018. The estimation of genetic parameters 359 

for growth curve traits in Raeini Cashmere goat described by Gompertz model. 360 

Small Rumin. Res. 165: 66-70.  361 

Gompertz, B. 1825. On the nature of the function expressive of the law of human 362 

mortality and on a new mode of determining the value of life contingencies. 363 

Philosophical Transactions 115: 513-585.  364 

Gorlov, I. F., Y. A. Kolosov, N. V. Shirokova, L. V. Getmantseva, M. I. Slozhenkina,  N. 365 

I. Mosolova, N. F. Bakoev, M. A. Leonova, A. Y. Kolosov and E. Y. Zlobina. 366 

2017. Association of the growth hormone gene polymorphism with growth traits 367 

in Salsk sheep breed. Small Rumin. Res., 150: 11-14. 368 

Hjortebjerg, R., G. Bauman and J. J. Kopchick. 2017. Growth Hormone (GH) in 369 

Encyclopedia of Endocrine Diseases. Science Direct, 2: 116-126.  370 

Junior, E. L. S., W. H. Sousa, E. C. P. Filho, S. G. Neto, F. Q. Cartaxo, M. F. Cezar,  M. 371 

G. G. Cunha and J. M. P. Filho. 2013. Effect of frame size of performance and 372 

carcass traits of Santa Ines lambs finished in a feedlot. Revista brasileira de 373 

zootecnia, 42: 284-290.  374 

Kheirabadi, K. and A. Rashidi. 2019. Modelling and genetic evaluation of Markhoz goat 375 

growth curve parameters. Small Rumin. Res. 170: 43-50.  376 



17 

 

Kurnianto, E., A. Shinjo and D.  Suga. 1998. Analysis of growth in Intersubspecific 377 

crossing of Mice using Gompertz model. Asian-Australasian J. Anim. Sci. 11: 84-378 

88.  379 

Kurnianto, E., S. Sutopo and E. Purbowati. Penampilan fenotipik dan genotipik kambing 380 

Kejobong. Badan Penerbit Universitas Diponegoro, Semarang. 381 

Kurnianto, E., S. Sutopo, E. Purbowati, E. T. Setiatin, D. Samsudewa and T. Permatasari. 382 

2013. Multivariate analysis of morphological traits of local goats in Central Java, 383 

Indonesia. Iranian J. Appl. Anim. Sci. 3: 361-367. 384 

Lestari, D. A., E. Purbowati, S. Sutopo and E. Kurnianto. 2018A. Amino acid sequence 385 

based on Cytochrome b gene in Kejobong goat and its genetic relationships among 386 

several local goats in Asia. Vet. World 11: 1196-1202.  387 

Lestari, D. A., E. Purbowati, S. Sutopo, and E. Kurnianto. 2018B. Phylogenetic 388 

relationship between Kejobong goat and other goats based on Mt-DNA D-loop 389 

sequence analysis. Trop. Anim. Sci. J. 41: 85-93.  390 

Lupi, T. M., J. M. Leon, S. Nogales, C. Barba and J. V. Delgado. 2016. Genetic 391 

parameters of traits associated with the growth curve in Segurena sheep. Anim. 392 

10: 729-735.  393 

Mahrous, K. F., S. H. Abdel-Aziem, M. A. M. Abdel-Hafez, M. Abdel-Mordy and H. E. 394 

Rushidi, H. E. 2018. Polymorphism of growth hormone gene in three goat breed 395 

in Egypt. Bull. Nat. Res. Center, 42: 1-7. 396 

Moghbeli, A. M., A. Baranzadeh, M. Vatankhah and M. Mohammadabadi. 2013. 397 

Genetics and non-genetics parameters of body weight for post-weaning traits in 398 

Raini Cashmere goats. Trop. Anim. Health Prod. 45: 1519-1524. 399 



18 

 

Nei, M. and S. Kumar. 2000. Molecular evolution and phylogenetics. Oxford University 400 

Press, New York. 401 

Othman, O. E., S. S. Alam, H. A. M. Abd-El-Kader and O. M. Abd-El-Moneim. 2015 402 

Genotyping of growth hormone gene in Egyptian small ruminant breeds. 403 

Biotechnol. 14: 136-141.  404 

Pires, L. C., T. M. M. Machado, P. L. S. Carneiro, J. B. L.  da Silva,  A. D. H. Barbosa 405 

and R. A. Torres. 2017. Growth curve of Repartida goats reared in the Caatinga 406 

region. Semina: Ciencias Agrarias, 38: 1041-1050.  407 

Raji, A. O., L. G. Asheikh and I. D. Mohammed. 2015. Comparison of growth of male 408 

and female kids of Nondescript goats in a semi-arid region of Nigeria. Iranian J. 409 

Appl. Anim. Sci. 5: 115-120. 410 

Ripoll, G., P. Alberti, J. Alvarez-Rodriguez, I. Blasco and A. Sanz. 2016. Body size, 411 

carcass and meat quality of three commercial beef categories of Serrana de Teruel 412 

breed. Spanish J. Agric. Res. 14: 1-13.  413 

Rout, P. K., O. Matika, R. Kaushik, M. S. Dige, G. Dass, M. K. Singh and S. Bhusan. 414 

2018. Genetic analysis of growth parameters and survival potential of Jamunapari 415 

goats in semiarid tropics. Small Rumin. Res. 165: 124-130. 416 

Sadeghi, S. A. T., M. Rokouei, M. V. Valleh, M. A. Abbasi and H. Faraji-Arough. 2019. 417 

Estimating of additive and non-additive genetic variance component for growth 418 

traits in Adani goats. Trop. Anim. Health Prod. 52: 733-742. 419 

Sas Institute Inc. 2011. SAS 9.3 system options: reference, 2nd Ed. Cary, USA. 420 

Schwarz, G. 1978. Estimating the dimension of a model. The Annals of Statistics, 6: 461-421 

464. 422 



19 

 

Seevagan, M., V. Jeichitra, R. Rajendran and K. G. Tirumurugaan. 2015. Detection of 423 

lethal SNP (A781G) in growth hormone (GH) gene of Indian sheep. Small Rumin. 424 

Res. 126: 13-15.  425 

Setiaji, A., S. Sutopo and E. Kurnianto. 2013. Growth analysis in rabbit using Gompertz 426 

non-linear model. J. Indo. Trop. Anim. Agric. 38: 92-97. 427 

Singh, P. P., S. S. Tomar, M. S. Thakur and A. Kumar. 2015. Polymorphism and 428 

association of growth hormone gene with growth traits in Sirohi and Barbari 429 

breeds of goat. Vet. World, 8: 382-387.  430 

Snyman, M. A. and J. J. Olivier. 1999. Repeatability and heritability of objective and 431 

subjective fleece traits and body weight in South African Angora goats. Small 432 

Rumin. Res. 34: 103-109. 433 

Tamura, K., G. Stecher, D. Peterson, A. Filipski and S. Kumar. 2013. MEGA6: Molecular 434 

evolutionary genetics analysis version 6.0. Mol. Biol. Evol. 30: 2725-2729.  435 

Thompson, J. D., D. G. Higgins and T. J. Gibson. 1994. CLUSTAL W: Improving the 436 

sensitivity of progressive multiple sequence alignment through sequence 437 

weighting, position-specific gap penalties and weight matrix choice. Nucleic 438 

Acids Research 22: 4673-4680. 439 

Tukey, J. W. 1949. Comparing individual means in the analysis of variance. Intl. Biomet. 440 

Soc. 5: 99-114. 441 

 Verhulst, P. F. 1838. Notice sur la loi que la population poursuit dans son accroissement. 442 

Correspond. Math. Physics 10: 113-121.  443 

Waheed, A., M. S. Khan, S. Ali and M. Sarwar. 2011. Estimation of growth curve 444 

parameters in Beetal goats. Archiv Tierzucht 54: 287-296.  445 



20 

 

Wickramaratne, S. G. H., B. R. Ulmek, S. P. Dixit, S. Kumar and M. K. Vyas. 2010 Use 446 

of growth hormone gene polymorphism in selecting Osmanabadi and Sangamneri 447 

goats. Trop. Agric. Res. 21: 398-411. 448 

Zadeh, N. G. H. 2015. Modeling the growth curve of Iranian Shall sheep using non-linear 449 

growth models. Small Rumin. Res. 130: 60-66.  450 

Zadeh, N. G. H. and A. Gorbani. 2018. Modelling the growth curves for body weight and 451 

some biometric traits in Caspian horses (Equus ferus caballus) using non-linear 452 

mixed models. Small Rumin. Res. 93: 5-12. 453 

 454 

TABLE 455 

Table 1. Growth equations used to construct the growth model  456 

Model FunctionA Inflection weight Inflection age 

Brody y = a (1 – b exp-kt) - - 

Von Bertalanffy y = a (1 – b exp-kt)3 yi = 8a/27 ti = ln(3b)/k 

Logistic y = a / (1 + b exp-kt) yi = a/2 ti = ln(b)/k 

Gompertz y = a exp (– b exp-kt) yi = a/exp ti = ln(b)/k 

Ay, observed body weight/body measurements; a, the estimated of mature body 457 
weight/body measurements; b, the integration constant; k, the growth rate constant; t, the 458 

animal age in day and exp, Napier’s constant the base of natural logarithm.  459 

 460 

  461 
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Table 2. Estimated allele and genotype frequency 462 

Variable 

Measured 

Genotype  Allele 

H χ2 

GG AG AA  G A 

Frequencies 0.37 0.40 0.23  

0.57 0.43 0.49 1.18 Observation 13 14 8  

Expectation 11.43 17.14 6.43  

H, Heterozygosity; χ2, Chi square value. 463 

 464 

  465 
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Table 3. Significance analysis of factor affecting body weight and body measurements 466 

Traits Effect Degree of  freedom f-value p-value 

BWA Genotype 2 3.44 0.0335 

 Age of doe 3 1.43 0.2355 

 Farm 3 5.33 0.0050 

 Age (linear) 1 224.97 <0.0001 

 Age (quadratic) 1 17.98 <0.0001 

WHB Genotype 2 4.14 0.0171 

 Age of doe 3 2.59 0.0537 

 Farm 3 2.27 0.1021 

 Age (linear) 1 238.66 <0.0001 

 Age (quadratic) 1 50.99 <0.0001 

CDC Genotype 2 0.14 0.8677 

 Age of doe 3 0.54 0.6541 

 Farm 3 1.00 0.4081 

 Age (linear) 1 40.44 <0.0001 

 Age (quadratic) 1 10.58 0.0013 

CWD Genotype 2 2.41 0.0920 

 Age of doe 3 2.66 0.0491 

 Farm 3 5.48 0.0043 

 Age (linear) 1 36.02 0.0001 

 Age (quadratic) 1 9.05 0.0029 

HHE Genotype 2 4.25 0.0153 

 Age of doe 3 2.64 0.0499 
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 Farm 3 1.71 0.1879 

 Age (linear) 1 267.39 <0.0001 

 Age (quadratic) 1 59.44 <0.0001 

HWF Genotype 2 1.74 0.1775 

 Age of doe 3 0.71 0.5496 

 Farm 3 2.27 0.1023 

 Age (linear) 1 62.34 <0.0001 

 Age (quadratic) 1 13.53 0.0003 

HGG Genotype 2 1.69 0.1873 

 Age of doe 3 1.62 0.1852 

 Farm 3 3.89 0.0192 

 Age (linear) 1 347.92 <0.0001 

 Age (quadratic) 1 70.55 <0.0001 

ABody weight; BWither height; CChest depth; DChest width; EHip height; FHip width; 467 
GHeart girth. 468 

 469 

  470 
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Table 4. Average of body weight and body measurements 471 

Traits 

Genotype 

GG AG AA 

Body weight (BW)    

BW0 3.75±0.76 4.26±1.02 3.51±1.06 

BW2 4.91±0.75 5.39±1.20 4.87±1.20 

BW4 6.12±0.89 6.57±1.38 5.84±1.95 

BW6 7.39±1.01 7.91±1.63 6.74±2.15 

BW8 8.24±1.14 8.87±1.89 7.85±2.62 

BW10 9.07±1.21 9.72±2.26 8.64±2.89 

BW12 9.87±1.33 10.52±2.56 9.19±3.08 

BW14 10.64±1.49 11.36±2.78 9.80±3.10 

Wither height (WH)    

WH0 33.93±3.21 35.08±2.49 31.69±4.63 

WH2 37.85±2.84 37.72±4.45 36.63±2.92 

WH4 40.63±2.55 40.57±4.12 39.33±4.43 

WH6 42.34±2.30 43.28±2.48 40.77±5.35 

WH8 44.29±2.40 45.09±3.30 42.51±4.88 

WH10 45.42±1.85 45.65±3.47 42.85±5.24 

WH12 46.35±2.52 47.54±3.29 44.49±4.88 

WH14 47.61±2.67 49.06±3.07 45.39±4.98 

Hip height (HH)    

HH0 36.57±3.19 37.60±3.40 34.23±4.73 

HH2 40.09±3.30 40.78±2.55 38.34±3.55 
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HH4 42.89±2.85 43.56±3.67 42.00±4.72 

HH6 44.84±2.68 46.39±2.52 43.92±5.37 

HH8 46.63±3.01 47.67±3.12 45.39±5.02 

HH10 48.01±2.00 48.33±2.91 46.03±5.62 

HH12 48.99±2.41 50.56±3.08 45.96±4.76 

HH14 50.55±2.57 52.15±2.99 47.82±5.75 

 472 

  473 
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Table 5. Estimated genotypic effect for body weight and body measurements for each 474 

measurement 475 

Traits 

Genotypes 

GG AG AA 

Body weight (BW)    

BW0 3.84±0.22AB 4.35±0.20A 3.40±0.27B 

BW2 4.84±0.28 5.67±0.26 4.82±0.36 

BW4 5.87±0.37 6.97±0.34 5.75±0.46 

BW6 6.97±0.43AB 8.40±0.40A 6.59±0.55B 

BW8 7.80±0.52 9.43±0.47 7.71±0.66 

BW10 8.57±0.59 10.35±0.54 8.54±0.75 

BW12 9.29±0.65 11.17±0.60 9.17±0.84 

BW14 10.03±0.69 12.03±0.63 9.71±0.88 

Wither height (WH)    

WH0 34.27±0.94 35.03±0.87 32.64±1.20 

WH2 37.38±1.18 38.41±1.08 36.03±1.51 

WH4 39.89±1.07 41.44±0.98 39.08±1.37 

WH6 41.88±0.90AB 44.25±0.83A 40.45±1.16B 

WH8 43.41±1.04 46.15±0.95 42.14±1.33 

WH10 44.15±1.01AB 46.83±0.93A 42.33±1.29B 

WH12 45.59±1.03 48.53±0.95 44.34±1.32 

WH14 46.69±1.04AB 49.95±0.95A 45.29±1.33B 

Hip height (HH)    

HH0 36.95±1.01 37.71±0.93 34.59±1.30 

HH2 36.95±1.01 41.11±0.89 38.16±1.23 
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HH4 42.61±1.12 43.85±1.03 42.02±1.43 

HH6 44.55±1.03 47.21±0.94 43.87±1.32 

HH8 45.57±1.14 48.65±1.05 44.96±1.46 

HH10 46.94±1.00 49.31±0.96 45.48±1.28 

HH12 48.58±1.05AB 51.28±0.97A 45.82±1.35B 

HH14 49.59±1.09AB 53.08±1.00A 47.57±1.39B 

A,B In the same row, values with different superscripts are significantly different (P<0.05).   476 

 477 

  478 
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Table 6. Estimated parameters of growth and goodness of fit for four different growth 479 

models 480 

Parameter 

Model 

Brody Von Bertalanffy Logistic Gompertz 

Body weight     

a 25.29±1.01 23.01±0.47 21.65±0.30 22.48±0.39 

b 0.83±0.01 0.39±0.01 2.56±0.07 1.42±0.03 

k 0.006948±0.001019 0.01389±0.001097 0.0277±0.001309 0.01735±0.001143 

yi - 6.82 10.83 8.27 

ti - 11.75 33.93 20.10 

σ2
u 9.08±2.67 5.78±1.48 4.17±1.03 5.13±1.29 

σ2
e 0.32±0.03 0.31±0.03 0.32±0.03 0.31±0.03 

GG -3.6±0.79 -4.2±0.59 -4.64±0.49 -4.37±0.55 

AG -2.01±0.85 -3.03±0.061 -3.63±0.50 -3.26±0.56 

AA -4.53±0.95 -5.06±0.75 -5.3±0.63 -5.18±0.70 

-2 Log 

Likehood 

606.6 605.8 609.5 606.1 

AIC 630.6 629.8 633.5 630.1 

BIC 649.6 648.8 652.5 649.1 

Wither height     

a 54.65±0.94 50.78±0.31 53.59±0.71 55.54±0.81 

b 0.37±0.01 1.96±0.08 0.53±0.02 0.44±0.01 

k 0.01577±0.002084 0.2606±0.01207 0.02292±0.002268 0.01934±0.002171 

σ2
u 9.93±2.56 0.0014±0.5954 9.39±2.40 9.62±2.47 

σ2
e 3.95±0.36 29.44±1.63 3.97±0.36 3.96±0.36 

GG -3.3±0.82 -6.82±0.50 -3.67±0.77 -5.02±0.79 

AG -2.76±0.81 -6.78±0.47 -3.14±0.76 -4.48±0.78 

AA -5.59±0.92 -11.91±0.64 -5.90±0.88 -7.27±0.90 
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-2 Log 

Likehood 

1274.3 2217.3 1276.0 1275.1 

AIC 1290.9 2233.3 1292.0 1291.1 

BIC 1303.0 2246.0 1304.6 1303.8 

Hip height     

a 58.91±0.72 57.73±0.73 56.26±0.56 56.61±0.62 

b 0.36±0.01 0.13±0.01 0.50±0.01 0.42±0.01 

k 0.01647±0.002009 0.01839±0.002112 0.02341±0.002187 0.01994±0.002092 

σ2
u 8.40±2.20 12.99±0.64 7.91±2.04 8.09±2.10 

σ2
e 3.72±0.34 3.71±0.33 3.75±0.34 3.73±0.34 

GG -2.24±0.77 -2.12±0.94 -1.56±0.73 -1.44±0.75 

AG -0.60±0.78 -0.81±0.93 0.12±0.74 0.25±0.75 

AA -4.55±0.89 -4.63±1.08 -3.60±0.86 -3.50±0.87 

-2 Log 

Likehood 

1254.6 1258.2 1256.5 1255.4 

AIC 1278.6 1282.2 1280.5 1279.4 

BIC 1297.6 1301.2 1299.5 1298.4 

a, the estimated of mature body weight/body measurements; b, the integration constant; 481 

k, the growth rate constant; yi, body weight (kg) at the point at inflection; ti, age (weeks) 482 

at the point at inflection; σ2
u; additive genetic variance; σ2

e, error variance; AIC, akaike 483 

information criterion; BIC, bayesian information criterion. 484 

 485 

Table 7. Correlation among growth parameter within traits based on their best model   486 

Growth Parameter 

 Mature weight (a) 

 BWA  WHB  HHC 

Integration constant (b)  0.5564  0.7038  0.6652 

Growth rate (k)  -0.7833  -0.8755  -0.8636 

 ABody weight; BWither height; CHip height 487 

 488 

  489 
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FIGURE 490 

 491 

 492 

Figure 1. Amino acid alteration caused by SNP g1170A 493 
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 2 

Appropriate Growth Models to Describe Early Growth of Kejobong Goat Based 3 

on Growth Hormone (GH) Gene Sequence Analysis 4 

 5 

 6 

ABSTRAK 7 

Tujuan penelitian yaitu untuk menemukan model pertumbuhan yang tepat dalam 8 

mendeskripsikan pertumbuhan awal kambing Kejobong berdasarkan analisis sekuen gen 9 

Growth Hormon (GH). Materi penelitian menggunakan 35 sampel DNA dan 1.960 10 

catatan sifat kuantitatif kambing Kejobong. Sampel DNA diamplifikasi dan disekuensing 11 

untuk mengidentifikasi SNP yang terdapat pada gen GH ekson 3. Pengukuran dan 12 

penimbangan bobot badan dan ukuran tubuh dilakukan pada umur 0-14 minggu. Empat 13 

model pertumbuhan non-linier diaplikasikan untuk menganalisis pertumbuhan guna 14 

membandingkan performan pertumbuhan dari berbagai genotipe dengan menggunakan 15 

Non-Linear Mixed model. Mutasi non-sinonim (g1170A→G) pada gen GH ekson 3  yang 16 

membentuk genotipe GG, AG dan AA secara signifikan berasosiasi dengan sifat 17 

pertumbuhan. Kambing Kejobong bergenotipe heterozigot AG menunjukkan sifat 18 

pertumbuhan yang lebih tinggi dibandingkan dengan kambing Kejobong bergenotipe 19 

homozigot AA. Meskipun demikian, kambing Kejobong bergenotipe homozigot GG 20 

memiliki sifat pertumbuhan yang sama dengan kambing Kejobong bergenotipe  21 

heterozigot AG dan homozigot AA. Model pertumbuhan yang paling tepat untuk 22 

mendeskripsikan bobot badan kambing Kejobong adalah model Von Bertalanffy, 23 

sedangkan untuk menggambarkan tinggi badan dan tinggi pinggul adalah model Brody. 24 
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SNP pada gen GH ekson 3 dapat digunakan sebagai penanda genetik untuk perbaikan 25 

sifat pertumbuhan kambing Kejobong. 26 

 27 

Kata Kunci : Analisis Pertumbuhan, GH, Kambing, Model Matematika, SNP 28 

 29 

ABSTRACT 30 

Objectives of this study were to reveal appropriate growth models describing early 31 

growth of Kejobong goat based on Growth Hormone (GH) gene sequence analysis. A 32 

total of 35 DNA samples and 1.960 records of quantitative traits of Kejobong goat were 33 

collected. The exon 3 of GH gene was amplified and was sequenced to determine the 34 

SNP. Body weight and body measurements of the goats were taken at 0-14 weeks of age. 35 

Four non-linear growth models were applied for analysis of growth to compare growth 36 

performance of different genotypes by Non-Linear Mixed Model. A non-synonymous 37 

mutation (g1170A→G) genotyped into GG, AG and AA was significantly associated with 38 

growth traits. Animals with heterozygous genotype AG showed higher growth traits than 39 

animals with homozygous genotype AA. Nonetheless, animals with homozygous 40 

genotype GG had the same growth traits with those animals with heterozygous genotype 41 

AG and homozygous genotype AA. The most fitted model for describing body weight 42 

was Von Bertalanffy model, while for describing wither height and hip height was Brody 43 

model. SNP at exon 3 of the GH gene can be used as genetic marker for improvement of 44 

growth traits of Kejobong goats. 45 

Keywords: GH, Goat, Growth analysis, Mathematical models, SNP 46 
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Kejobong goat is one of indigenous Indonesian breeds, which only exists in 49 

Purbalingga District, Central Java Province, Indonesia, and it is conventionally raised by 50 

local farmers. This goat belongs to Southeast Asian lineage and is confirmed to be 51 

descendant from crossbred of Kacang and Etawah Grade goats (Kurnianto et al., 2012; 52 

Kurnianto et al., 2013; Lestari et al., 2018A; Lestari et al., 2018B).  As the meat animals, 53 

Kejobong goat had 41.30% carcass yield that comprised 67.06% meat and 32.94% bone, 54 

while its meat is known to have less cholesterol than meat of Kacang and Etawah Grade 55 

goat (Aqsa et al., 2011). Kejobong goat is popular at the district because of its high rate 56 

of growth, good reproductive performance, high resistance to local diseases and parasites 57 

and ability to survive and growing ability under poor feeding conditions (Kurnianto et al., 58 

2012; Febriana et al., 2017). However, the breeders often have difficulty to satisfy the 59 

market demand on slaughtering weight. This is probably due to limited information of 60 

appropriate breeding strategy for Kejobong goat to accomplish the breeding goal of high 61 

meat productivity.  62 

Growth analysis can provide valuable information about mature weight, growth 63 

rate and mature time. Growth rate and body weight of animal at different ages influence 64 

productivity of meat and have deterministic effects on the profitability of meat production 65 

(Kheirabadi and Rashidi, 2019). Particularly, growth rate has large effect on meat 66 

producing efficiency up to slaughtering age which is crucial for economic success of 67 

animal production (Abbasi et al., 2012). According to Junior et al. (2013) and Ripoll et 68 

al. (2016), animals that have a large frame size of body tend to have higher potential of 69 

growth and have a higher proportion of meat. Therefore, besides body weight, body size 70 

is also important trait to be considered for performing animal selection. Study of growth 71 

analysis has been done by previous researchers (Waheed et al., 2011; Setiaji et al., 2013; 72 
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Zadeh et al., 2015; Raji et al., 2015; Lupi et al., 2016; Zadeh and Gorbani, 2018; Ghiasi 73 

et al., 2018; Rout et al., 2018; Kheirabadi and Rashidi, 2019), however they were only 74 

using phenotypic data into analysis. In this study, conventional growth analysis was 75 

modified by including genotype records to growth analysis. 76 

Early growth of kids is an economically important trait that affecting profitability 77 

in goat production (Baranzadeh et al., 2012; Moghbeli et al., 2013; Sadeghi et al., 2019). 78 

Physiologically, growth of an animal is a result from a complex process of metabolism 79 

including a coordinated action of several hormones that controlled by expression of their 80 

responsible genes (Mahrous et al., 2018). Growth Hormone (GH) gene is one of 81 

numerous genes which have large effect on growth performance of an animal. GH gene 82 

is encoding growth hormone that produces in anterior pituitary and is necessary for 83 

postnatal growth and metabolism in vertebrates (Ge et al., 2003). This hormone is known 84 

to have a broad impact on biological activity in all body cells, such as controlling and 85 

coordinating the flow rate of metabolic process, enhancing glycogen, protein, DNA and 86 

RNA biosynthesis and promoting the deposition of fat and the disintegration of fatty acids 87 

and glucose in the tissue (Gorlov et al., 2017; Wickramaratne et al., 2010; Othman et al., 88 

2015; Seevagan et al., 2015; Singh et al., 2015). Therefore, GH gene is considered to be 89 

a prime factor which affects growth performance of an animal.  90 

Based on these backgrounds, effect of GH gene on growth traits, especially from 91 

a point of genetic improvement is important to build breeding plan for high meat 92 

productivity. Prospectively, result of this study is not only suggesting appropriate 93 

management practice for improving production for the breeders, but also providing 94 

information of genetic marker in Kejobong goat for breeding selection in the future 95 

through Marker-Assisted Selection (MAS) and/or Marker-Assisted Introgression (MAI) 96 
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and appropriate mathematical growth models of Kejobong goat. Therefore, objective of 97 

this study was to reveal to reveal appropriate growth models describing early growth of 98 

body weight and body measurement of Kejobong goat based on the effect of Growth 99 

Hormone (GH) gene sequence analysis.  100 

 101 

MATERIALS AND METHODS 102 

Ethical approval 103 

All procedure involving animals were based on the standard rule of animal 104 

treating as appointed in the Republic of Indonesia’s law, number 41, 2014. 105 

Sampling and data collection 106 

A total of 35 blood samples and 1.960 quantitative traits records of Kejobong goat 107 

were collected from Purbalingga District, Central Java Province, Indonesia. Quantitative 108 

traits records comprised body weight (BW), wither height (WH), chest depth (CD), chest 109 

width (CW), hip height (HH), hip width (HW) and heart girth (HG) at 0, 2, 4, 6, 8, 10, 12 110 

and 14 weeks of age.  111 

DNA extraction, Polymorphism Chain Reaction (PCR) and sequencing 112 

 Blood samples for DNA analysis were taken by 3cc spuit from jugular venous 113 

that previously cleaned with alcohol. The blood was then collected in vacutainer blood 114 

collection tubes with an anticoagulant (EDTA). DNA was extracted from whole blood by 115 

gSYNC DNA mini kit (Geneaid Biotech, Taiwan) according to the manufacturer’s 116 

standard protocol for PCR and sequencing analysis.  117 

Forward primer F: 5’-TAGAAATGGGGGTGTGTGGGGT-3’ and reverse 118 

primer R: 5’-CATCCTCCACTGCCATCCAACA-3’ (Sigma-Aldrich, Japan) were used 119 

to amplify GH gene exon 3. PCR was carried out in total volume 50 μL comprising 1 μL 120 
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KOD Plus (Toyobo, Japan), 5 μL buffer, 5 μL dNTP, 2 μL MgSO4, 1.5 μL forward primer, 121 

1.5 μL reverse primer, 32 μL PCR water and 2 μL DNA template. PCR amplification was 122 

running with an initial denaturation at 94°C for 2 min, followed by 40 cycles of 123 

denaturation at 94°C for 15 sec, primers annealing 66.8°C for 30 sec and extension at 124 

68°C for 19 sec. PCR products were electrophoresed using 1.3% Agarose gel at 110 V 125 

for 20 min. PCR products were then visualized by UV trans-illuminator and was 126 

sequenced through Fasmac sequencing service, Japan. 127 

Data analysis 128 

Allelic and genotypic frequencies were directly calculated. Hardy-Weinberg 129 

Equilibrium (HWE) was tested using chi-square statistic (χ2) as follows:  130 

χ2 ( )

=

−
=

k

i 1 i

2

ii

e
eo  , 131 

where χ2 is the Chi square value; oi the observed value of genotype frequency, ei the 132 

expected value of genotype frequency, χ2 the table using 5% significance level for HWE 133 

test.  134 

Heterozygosity (H) was calculated as follows: 135 

H = 1 –
=

k

i

p

1

2
i , 136 

where H is the value of heterozygosity and pi the frequency of the ith of k alleles. 137 

Sequencing result alignment was analyzed by Clustal W (Thompson et al., 1994) 138 

with Molecular Evolutionary Genetics Analysis (MEGA6.0) (Tamura et al., 2013) to find 139 

out the SNP within animals. Sequencing result then was translated into amino acids form 140 

by standard genetic code to identify amino acid alteration that caused by SNP. 141 
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Linear Mixed Model (LMM) was used to analyze association between genotype 142 

with quantitative traits by MIXED procedure in Statistical Analysis System (SAS 9.3) 143 

(SAS Institute Inc, 2011). The model was:  144 

yijkl = µ + Gi + Fj + uk + b1ɑijkl + b2ɑ
2
ijkl + eijkl, 145 

where yijkl is the observed value of a dependent variable (body weight or body 146 

measurements); µ the overall mean of the population; Gi the fixed effect of ith genotype 147 

(i = 1 for GG, 2 for AG, 3 for AA); Fj the fixed effect of jth farm group (j = 1, 2, 3, 4); uk 148 

the random effect of kth animal; b1 and b2 the linear and quadratic coefficients of partial 149 

regression, respectively; l
th individual measurement, ɑijkl age in days of a covariate and 150 

eijkl the random residual for yijkl. Difference in the least square means of the genotypes 151 

was tested by the Tukey-Kramer (Tukey, 1949). 152 

The nonlinear growth models comprised Brody (Brody, 1945), Von Bertalanffy 153 

(Bertalanffy, 1938), Logistic (Verhulst, 1838) and Gompertz (Gompertz, 1825) and they 154 

were compared by describing animal growth (Table 1).  Growth models were analyzed 155 

using Nonlinear Mixed Model (NLMM) by NLMIXED procedure of SAS 9.3 (SAS 156 

Institute Inc, 2011). Body weight or body measurements as dependent variables are 157 

influenced by genotype and age. Therefore, dummy variables were created to assess the 158 

effect of qualitative variables on dependent variables according to the method by Filho et 159 

al. (2014). The NLMIXED procedure was used in this study due to its flexibility in 160 

engaging the variance covariance structure which could not be identified by traditional 161 

regression approach. Also NLMIXED has ability to handle unbalance data (Aggrey, 162 

2009; Galeano-Vasco et al., 2014). This procedure can reduce potential biases despite 163 

selective sampling and supply supplemental parameters that characterize variation 164 

between individual animals (Craig and Schinkel, 2001).  165 
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The models were tested for goodness of fit using -2 log likelihood, Akaike 166 

Information Criterion (AIC) (Akaike, 1974), Bayesian Information Criterion (BIC) 167 

(Schwarz, 1978) and the residual variances (σ2
e). AIC and BIC were calculated by the 168 

following formula: 169 

AIC = n ln 








n

SSE
+ 2k 170 

BIC = n ln 








n

SSE
+ k ln (n) 171 

where n is the number of observation; SSE the Sum Square Errors and k the number of 172 

parameters. Smaller values of AIC, BIC or σ2
e indicate the best fit of the model to the 173 

observations.  174 

 175 

RESULTS 176 

Result showed that a total 117 bp of GH gene exon 3 encoding 38 amino acid 177 

sequence were well amplified. Sequencing result revealed 5 SNPs as transition mutation 178 

in parsimonious form, which were g1121A→G (SNP1), g1148T→C (SNP2), 179 

g1160A→G (SNP3), g1170A→G (SNP4) and g1178C→T (SNP5). Genotype 180 

frequencies of Kejobong goats were not different from HWE, and the frequency of 181 

heterozygosity was 49% (Table 2). The estimated allele of the GH gene exon 3 in this 182 

study was 57% and 43% for G and A, respectively. Frequencies of genotypes GG, AG 183 

and GC were 37%, 40% and 23%, respectively, so that G allele and heterozygous 184 

genotype AG were predominant in this locus.  185 

Test of significance showed that the fixed effect of genotype together with effect 186 

of farm and linear and quadratic coefficients of age were statistically significant (P<0.05) 187 

in BW while the fixed effect of genotype and linear and quadratic coefficients of age were 188 
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statistically significant (P<0.05) in WH, and the fixed effect of genotype, age of doe and 189 

linear and quadratic coefficients of age were statistically significant (P<0.05) in HH. 190 

Conversely, the fixed effect of genotype was not significant in CD, CW, HW and HG 191 

(Table 3).  192 

Animals of genotype AG demonstrated the highest BW, HW and HH then it 193 

followed with animals of genotype GG and AA (Table 4). Comparing genotypes at 194 

different periods, BW0 and BW6 in animals of genotype AG (4.35 kg and 8.40 kg) were 195 

significantly heavier (P<0.05) than animals of genotype AA (3.40 kg and 6.59 kg), while 196 

animals of genotype GG (3.84 kg and 6.97 kg) showed no significant difference with 197 

genotype AG and AA. However, there were no significant effect of genotype at BW2, 198 

BW4, BW8, BW10, BW12 and BW14.  199 

Significant difference between genotypes for body measurements were observed 200 

in wither height (WH6, WH10, and WH14) and hip height (HH12 and HH14). Similar to 201 

body weight, animals of genotype AG had significantly (P<0.05) higher wither and hip 202 

heights than those animals of genotype AA, but there was no significant difference 203 

between animals of genotype GG with animals of genotype AG and AA (Table 5). 204 

Estimated parameters for body weight, wither height and hip height are presented 205 

in Table 6, respectively. Growth analysis showed that Von Bertalanffy model had the 206 

lowest -2 log likelihood, and two criteria AIC and BIC compared with the other models 207 

indicating this model as the best model for describing growth of body weight in Kejobong 208 

goat. On the other hand, the highest -2 log likelihood, AIC and BIC were obtained in 209 

Logistic model. Brody model in this study showed fit to wither height and hip height well 210 

according to its value of -2 log likelihood, AIC and BIC, which was lower than Gompertz, 211 

Logistic and Von Bertalanffy model.  212 
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Von Bertalanffy model fitted best to body weight, estimated 23.01 kg mature body 213 

weight (a), 0.39 integration constant (b) and 0.01389 growth rate (k). The best estimated 214 

for wither height and hip height by Brody model were 54.65 cm and 58.91 cm for 215 

parameter a; 0.37 and 0.36 for parameter b; 0.01577 and 0.01647 for parameter k. In this 216 

study, the estimated parameter b for body weight, wither height and hip height were 0.39, 217 

0.37 and 0.36 respectively.  218 

Furthermore, estimated parameter k of body weight in Von Bertalanffy model was 219 

0.01389. Negative correlation was found between parameter k and parameter a (Table 7). 220 

This result was confirmed by the fact that Brody model in this study had the slowest 221 

parameter k (0.006948) in body weight, yet it had the highest estimated parameter a 222 

(25.29 kg) among the others. Similarly, the highest parameter k in wither height (0.2606) 223 

and hip height (0.02341) had the lowest estimated parameter a (50.78 cm, 56.26 cm) in 224 

Von Bertalanffy and Logistic models respectively.  225 

Representing variability among individual animals, estimated animal variance 226 

(σ2
u) of the body weight in this study was 5.78. The higher the variance, the greater the 227 

difference is realized among animals.  Furthermore, residual variance (σ2
e) of the body 228 

weight in this study was 0.31 that indicated the gap between predicted value and observed 229 

value. Repeatability of body weight by intra-class correlation was 0.95 this study.  230 

 231 

DISCUSSION 232 

SNP2 of this study was also found in a report analyzing GH gene of Chinese goat 233 

(An et al., 2010). Among five SNPs in this study, translation result showed SNP4 causing 234 

amino acid alteration which changes amino acid sequence in GH gene exon 3. SNP4 as 235 

non-synonymous mutation changed the first triplet codon of AGC encoding Serin to GGC 236 
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encoding Glycine (Figure 1) and we used it to distinguished as GG, AG and AA 237 

genotypes, whereas the other SNPs were silent mutation (SNP1 CAG>CAA(Gln); SNP2 238 

TCT>TCC(Ser); SNP3 CCA>CCG(Pro); SNP5 AAC>AAT(Asn)). According to Nei and 239 

Kumar (2000), most of synonymous amino acid was found due to substitution of 240 

nucleotides in the third codon, while substitution of nucleotides in the first and second 241 

codon generate non-synonymous amino acid. Therefore, non-synonimous mutation that 242 

change amino acid sequence in exon region may change the peptide sequence of the 243 

encoded protein and influence the function of the protein, which was growth hormone in 244 

this study. This hormone has substantial metabolic effects on somatic growth, stimulation 245 

of protein synthesis and cellular uptake of amino acids and development of body 246 

composition (Hjortebjerg et al., 2017). 247 

 Result in this study agreed with a result by Dayal et al. (2016), in which goats 248 

with heterozygous genotype AC had the heaviest body weight among five observed 249 

genotypes in Black Bengal goat. Gorlov et al. (2017) reported their study in Salsk sheep 250 

that sheep with AB genotype significantly had heavier body weight, average daily gain 251 

and carcass weight than sheep with AA genotype. A contradictory result was reported by 252 

An et al. (2011) that goats with homozygous genotype AA significantly had higher body 253 

weight than those of heterozygous genotype AB at age of one and three months old in 254 

Chinese goat, however, wither height showed no significant difference. The different 255 

results seem to be due to genetic difference that leads to different structure of GH gene 256 

and limited number of observations. Therefore, further study is necessary to validate the 257 

predominant effect of heterozygote of GH gene with a larger number of animals and more 258 

sampled observations. 259 
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The best model for describing growth of body weight in this study was different with 260 

previous study by Kheirabadi and Rashidi (2019), reported that Logistic model fitted 261 

worst to body weight, while Brody model fitted most accurately to body weight of 262 

Markhoz goat. In this study, estimated mature body weight (a) was 23.01 kg implying 263 

that Kejobong goat had heavier mature body weight than Raeini Cashmere goat (17.97 264 

kg) (Ghiasi et al., 2018) and Nondescipt goat (6.42 to 10.55 kg) (Raji et al., 2015) but 265 

lighter body weight than Beetal goat (23.39 kg) (Waheed et al., 2011). Those values of 266 

parameter b for body weight, wither height and hip height in this study were described to 267 

represent the proportion of mature weight attained after birth, calculated by the initial 268 

weight and age value (Lupi et al., 2016). On the other hand, Ghiasi et al. (2018) stated 269 

that parameter b is a scale parameter that has no biological interpretation. Waheed et al. 270 

(2011) reported higher estimated values of parameter k (0.1077) in Beetal goat by Brody 271 

model. Other researchers estimated parameter k as much as 0.017 in Cashmere goat 272 

(Ghiasi et al. 2018) and 0.0108 in Repartida goat (Pires et al., 2017) by applying 273 

Gompertz model, so that Kejobong goat in this study is considered to attain mature weight 274 

later than Beetal and Cashmere goats but earlier than Repartida goat. 275 

Negative correlation between parameter k and parameter a indicated the slower 276 

growth rate, the larger mature weight, vice versa. Previous studies supported this results. 277 

Kurnianto et al. (1998) reported that animals with slower growth rate tended to have 278 

estimated heavy body weight at maturity. Brown et al. (1976) stated that selection for 279 

increasing growth rate tended to decrease mature weight, yet its antagonistic association 280 

could be minimized by cross-breeding and improving feed quality. On other hand, 281 

previous study by Ghiasi et al. (2018) showed lower animal variance (1.29) and higher 282 

residual variance (8.01) on growth analysis of Raeni Cashmere goat using Gompertz 283 
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model than the present study. Repeatability of body weight in this study was higher than 284 

repeatability value of South African Angora goat (Snyman and Olivier, 1999) and 285 

Boerawa goat (Beyleto et al., 2010). The high repeatability in this study may be resulted 286 

by the fact that systematic factors affecting body weight were fitted as many as possible 287 

in NLMM and that earlier body weight was a component of latter body weight.  288 

The NLMIXED procedure used in this study has flexibility in engaging the 289 

variance covariance structure which could not be identified by traditional regression 290 

approach. Also NLMIXED has ability to handle unbalance data (Aggrey, 2009; 291 

Galeano-Vasco et al., 2014). This procedure can reduce potential biases despite selective 292 

sampling and supply supplemental parameters that characterize variation between 293 

individual animals (Craig and Schinkel, 2001). Therefore, this procedure can facilitate 294 

growth analysis by including genotype information and estimates accurately the growth 295 

performance of Kejobong goats. 296 

 297 

CONCLUSION 298 

 SNP g1170A→G in GH gene is associated with growth traits and can be used as 299 

genetic marker for animal selection to improve goat’s growth performance. Animals with 300 

heterozygous genotype AG showed higher growth performance than homozygous 301 

genotype AA. Nonetheless, animals with homozygous genotype GG showed no 302 

difference with either heterozygous genotype AG or homozygous genotype AA. Model 303 

(y = 23.01 (1 – 0.39 e–0.01389age)3) by Von Bertalanffy, y = 54.65 (1 – 0.37 e–0.01577age) and 304 

y = 58.91 (1 – 0.36 e–0.01647age) by Brody were fitted well to describe body weight, wither 305 

height and hip height of Kejobong goat, respectively.  306 

 307 
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 453 

TABLE 454 

Table 1. Growth equations used to construct the growth model  455 

Model FunctionA Inflection weight Inflection age 

Brody y = a (1 – b exp-kt) - - 

Von Bertalanffy y = a (1 – b exp-kt)3 yi = 8a/27 ti = ln(3b)/k 

Logistic y = a / (1 + b exp-kt) yi = a/2 ti = ln(b)/k 

Gompertz y = a exp (– b exp-kt) yi = a/exp ti = ln(b)/k 

Ay, observed body weight/body measurements; a, the estimated of mature body 456 
weight/body measurements; b, the integration constant; k, the growth rate constant; t, the 457 

animal age in day and exp, Napier’s constant the base of natural logarithm.  458 

 459 

  460 
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Table 2. Estimated allele and genotype frequency 461 

Variable 

Measured 

Genotype  Allele 

H χ2 

GG AG AA  G A 

Frequencies 0.37 0.40 0.23  

0.57 0.43 0.49 1.18 Observation 13 14 8  

Expectation 11.43 17.14 6.43  

H, Heterozygosity; χ2, Chi square value. 462 

 463 

  464 
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Table 3. Significance analysis of factor affecting body weight and body measurements 465 

Traits Effect Degree of  freedom f-value p-value 

BWA Genotype 2 3.44 0.0335 

 Age of doe 3 1.43 0.2355 

 Farm 3 5.33 0.0050 

 Age (linear) 1 224.97 <0.0001 

 Age (quadratic) 1 17.98 <0.0001 

WHB Genotype 2 4.14 0.0171 

 Age of doe 3 2.59 0.0537 

 Farm 3 2.27 0.1021 

 Age (linear) 1 238.66 <0.0001 

 Age (quadratic) 1 50.99 <0.0001 

CDC Genotype 2 0.14 0.8677 

 Age of doe 3 0.54 0.6541 

 Farm 3 1.00 0.4081 

 Age (linear) 1 40.44 <0.0001 

 Age (quadratic) 1 10.58 0.0013 

CWD Genotype 2 2.41 0.0920 

 Age of doe 3 2.66 0.0491 

 Farm 3 5.48 0.0043 

 Age (linear) 1 36.02 0.0001 

 Age (quadratic) 1 9.05 0.0029 

HHE Genotype 2 4.25 0.0153 

 Age of doe 3 2.64 0.0499 
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 Farm 3 1.71 0.1879 

 Age (linear) 1 267.39 <0.0001 

 Age (quadratic) 1 59.44 <0.0001 

HWF Genotype 2 1.74 0.1775 

 Age of doe 3 0.71 0.5496 

 Farm 3 2.27 0.1023 

 Age (linear) 1 62.34 <0.0001 

 Age (quadratic) 1 13.53 0.0003 

HGG Genotype 2 1.69 0.1873 

 Age of doe 3 1.62 0.1852 

 Farm 3 3.89 0.0192 

 Age (linear) 1 347.92 <0.0001 

 Age (quadratic) 1 70.55 <0.0001 

ABody weight; BWither height; CChest depth; DChest width; EHip height; FHip width; 466 
GHeart girth. 467 

 468 

  469 
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Table 4. Average of body weight and body measurements 470 

Traits 

Genotype 

GG AG AA 

Body weight (BW)    

BW0 3.75±0.76 4.26±1.02 3.51±1.06 

BW2 4.91±0.75 5.39±1.20 4.87±1.20 

BW4 6.12±0.89 6.57±1.38 5.84±1.95 

BW6 7.39±1.01 7.91±1.63 6.74±2.15 

BW8 8.24±1.14 8.87±1.89 7.85±2.62 

BW10 9.07±1.21 9.72±2.26 8.64±2.89 

BW12 9.87±1.33 10.52±2.56 9.19±3.08 

BW14 10.64±1.49 11.36±2.78 9.80±3.10 

Wither height (WH)    

WH0 33.93±3.21 35.08±2.49 31.69±4.63 

WH2 37.85±2.84 37.72±4.45 36.63±2.92 

WH4 40.63±2.55 40.57±4.12 39.33±4.43 

WH6 42.34±2.30 43.28±2.48 40.77±5.35 

WH8 44.29±2.40 45.09±3.30 42.51±4.88 

WH10 45.42±1.85 45.65±3.47 42.85±5.24 

WH12 46.35±2.52 47.54±3.29 44.49±4.88 

WH14 47.61±2.67 49.06±3.07 45.39±4.98 

Hip height (HH)    

HH0 36.57±3.19 37.60±3.40 34.23±4.73 

HH2 40.09±3.30 40.78±2.55 38.34±3.55 
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HH4 42.89±2.85 43.56±3.67 42.00±4.72 

HH6 44.84±2.68 46.39±2.52 43.92±5.37 

HH8 46.63±3.01 47.67±3.12 45.39±5.02 

HH10 48.01±2.00 48.33±2.91 46.03±5.62 

HH12 48.99±2.41 50.56±3.08 45.96±4.76 

HH14 50.55±2.57 52.15±2.99 47.82±5.75 

 471 

  472 
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Table 5. Estimated genotypic effect for body weight and body measurements for each 473 

measurement 474 

Traits 

Genotypes 

GG AG AA 

Body weight (BW)    

BW0 3.84±0.22AB 4.35±0.20A 3.40±0.27B 

BW2 4.84±0.28 5.67±0.26 4.82±0.36 

BW4 5.87±0.37 6.97±0.34 5.75±0.46 

BW6 6.97±0.43AB 8.40±0.40A 6.59±0.55B 

BW8 7.80±0.52 9.43±0.47 7.71±0.66 

BW10 8.57±0.59 10.35±0.54 8.54±0.75 

BW12 9.29±0.65 11.17±0.60 9.17±0.84 

BW14 10.03±0.69 12.03±0.63 9.71±0.88 

Wither height (WH)    

WH0 34.27±0.94 35.03±0.87 32.64±1.20 

WH2 37.38±1.18 38.41±1.08 36.03±1.51 

WH4 39.89±1.07 41.44±0.98 39.08±1.37 

WH6 41.88±0.90AB 44.25±0.83A 40.45±1.16B 

WH8 43.41±1.04 46.15±0.95 42.14±1.33 

WH10 44.15±1.01AB 46.83±0.93A 42.33±1.29B 

WH12 45.59±1.03 48.53±0.95 44.34±1.32 

WH14 46.69±1.04AB 49.95±0.95A 45.29±1.33B 

Hip height (HH)    

HH0 36.95±1.01 37.71±0.93 34.59±1.30 

HH2 36.95±1.01 41.11±0.89 38.16±1.23 
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HH4 42.61±1.12 43.85±1.03 42.02±1.43 

HH6 44.55±1.03 47.21±0.94 43.87±1.32 

HH8 45.57±1.14 48.65±1.05 44.96±1.46 

HH10 46.94±1.00 49.31±0.96 45.48±1.28 

HH12 48.58±1.05AB 51.28±0.97A 45.82±1.35B 

HH14 49.59±1.09AB 53.08±1.00A 47.57±1.39B 

A,B In the same row, values with different superscripts are significantly different (P<0.05).   475 

 476 

  477 
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Table 6. Estimated parameters of growth and goodness of fit for four different growth 478 

models 479 

Parameter 

Model 

Brody Von Bertalanffy Logistic Gompertz 

Body weight     

a 25.29±1.01 23.01±0.47 21.65±0.30 22.48±0.39 

b 0.83±0.01 0.39±0.01 2.56±0.07 1.42±0.03 

k 0.006948±0.001019 0.01389±0.001097 0.0277±0.001309 0.01735±0.001143 

yi - 6.82 10.83 8.27 

ti - 11.75 33.93 20.10 

σ2
u 9.08±2.67 5.78±1.48 4.17±1.03 5.13±1.29 

σ2
e 0.32±0.03 0.31±0.03 0.32±0.03 0.31±0.03 

GG -3.6±0.79 -4.2±0.59 -4.64±0.49 -4.37±0.55 

AG -2.01±0.85 -3.03±0.061 -3.63±0.50 -3.26±0.56 

AA -4.53±0.95 -5.06±0.75 -5.3±0.63 -5.18±0.70 

-2 Log 

Likehood 

606.6 605.8 609.5 606.1 

AIC 630.6 629.8 633.5 630.1 

BIC 649.6 648.8 652.5 649.1 

Wither height     

a 54.65±0.94 50.78±0.31 53.59±0.71 55.54±0.81 

b 0.37±0.01 1.96±0.08 0.53±0.02 0.44±0.01 

k 0.01577±0.002084 0.2606±0.01207 0.02292±0.002268 0.01934±0.002171 

σ2
u 9.93±2.56 0.0014±0.5954 9.39±2.40 9.62±2.47 

σ2
e 3.95±0.36 29.44±1.63 3.97±0.36 3.96±0.36 

GG -3.3±0.82 -6.82±0.50 -3.67±0.77 -5.02±0.79 

AG -2.76±0.81 -6.78±0.47 -3.14±0.76 -4.48±0.78 

AA -5.59±0.92 -11.91±0.64 -5.90±0.88 -7.27±0.90 
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-2 Log 

Likehood 

1274.3 2217.3 1276.0 1275.1 

AIC 1290.9 2233.3 1292.0 1291.1 

BIC 1303.0 2246.0 1304.6 1303.8 

Hip height     

a 58.91±0.72 57.73±0.73 56.26±0.56 56.61±0.62 

b 0.36±0.01 0.13±0.01 0.50±0.01 0.42±0.01 

k 0.01647±0.002009 0.01839±0.002112 0.02341±0.002187 0.01994±0.002092 

σ2
u 8.40±2.20 12.99±0.64 7.91±2.04 8.09±2.10 

σ2
e 3.72±0.34 3.71±0.33 3.75±0.34 3.73±0.34 

GG -2.24±0.77 -2.12±0.94 -1.56±0.73 -1.44±0.75 

AG -0.60±0.78 -0.81±0.93 0.12±0.74 0.25±0.75 

AA -4.55±0.89 -4.63±1.08 -3.60±0.86 -3.50±0.87 

-2 Log 

Likehood 

1254.6 1258.2 1256.5 1255.4 

AIC 1278.6 1282.2 1280.5 1279.4 

BIC 1297.6 1301.2 1299.5 1298.4 

a, the estimated of mature body weight/body measurements; b, the integration constant; 480 

k, the growth rate constant; yi, body weight (kg) at the point at inflection; ti, age (weeks) 481 

at the point at inflection; σ2
u; additive genetic variance; σ2

e, error variance; AIC, akaike 482 

information criterion; BIC, bayesian information criterion. 483 

 484 

Table 7. Correlation among growth parameter within traits based on their best model   485 

Growth Parameter 

 Mature weight (a) 

 BWA  WHB  HHC 

Integration constant (b)  0.5564  0.7038  0.6652 

Growth rate (k)  -0.7833  -0.8755  -0.8636 

 ABody weight; BWither height; CHip height 486 

 487 

  488 
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FIGURE 489 

 490 

 491 

Figure 1. Amino acid alteration caused by SNP g1170A 492 
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REVIEWER 1 

No Line Reviewer Comments Author Response 

1 8-10 Saya belum menemukan hubungan 
atau titik integrasi antara model 
pertumbuhan yg dianalisis dan dibahas 
dalam tulisan ini dengan analisis 
sekuen gen GH baik dalam abstrak, 
diskusi dan kesimpulan. 
 
Dua analisis (model matematik) dan 
analisis sekuen masih terilihat dibahas 
satu per satu blm ada analisis dan 
diskusi integrasi antar keduanya. 
 
Mohon diperjelas integrasinya dalam 
statement teori dan analisis 
methodologynya 
 

Analisis sekuen gen GH 
digunakan untuk menentukan 
tipe genotype ternak, dari tipe 
genotype tersebut selanjutnya 
dianalisis menggunakan MIXED 
model apakah perbedaan 
genotype berpengaruh terhadap 
pertumbuhan (berat badan dan 
ukuran tubuh) dengan 
menggunakan catatan sifat 
kuantitatif berkala (0-14 
minggu), hasil tertera pada tabel 
3). selanjutnya untuk sifat 
kuantitatif yang significant 
diaplikasikan kedalam 4 model 
pertumbuhan non linier dengan 
memasukkan tipe genotype 
yang ditemukan untuk 
didapatkan persamaan model 
pertumbuhannya. 

2 10 1.960 catatan sifat kuantitatif dari 35 
individu (sampel DNA? Atau 35 sampel 
dna utk analisis gen GH dan 1.960 
catatan sifat kuantitatif untuk analisis 
model pertumbuhan? Dan apakah data 
catatan sifat yang dipakai untuk 
analisis model matematik bagian dari 
data yang dipakai untuk analisis 
asosiasi (genotip dan fenotip) ➔ 
mohon diperjelas terutama di method 
dan data analysis 

Total jumlah data kuantitatif 
1.960 berasal dari : 
35 (sample) x 7 (data kuantitatif 
ukuran tubuh untuk setiap 
ternak : BW, HW, CD, CW, HH, 
HW) x 8 (frekuensi pengambilan 
data untuk setiao ternak yaitu 
pada saat ternak berumur 0, 2, 
4, 6, 8, 10, 12, 14 minggu) 

3 11 Apa saja sifat kuantitatifnya sebutkan Keterbatasan jumlah kata dalam 
abstrak sehingga untuk detail 
jelasnya sudah tercantum 
dimetode 

4 13-14 Apa saja keempat model tersebut ➔ 
sebutkan 

Keterbatasan jumlah kata dalam 
abstrak sehingga untuk detail 
jelasnya sudah tercantum 
dimetode 

5 22-26 Bagaimana hasil evalusi dr 
pertumbuhan yang dibandingkan 
antara pertumbuhan menggunakan 
estimasi empat model pertumbuhan 
non-linier dan performan 
pertumbuhan dari berbagai genotype. 
 
Mengapa saya tanyakan ini karena di 
atas penulis menyebutkan: 

Has been answered in 
conclusion   



“Empat model pertumbuhan non-linier 
diaplikasikan untuk menganalisis 
pertumbuhan guna membandingkan 
performan pertumbuhan dari berbagai 
genotipe” 
 
Kalimat ini sebenarnya yg menjadi core 
dari tulisan ini sehingga state of the art 
dr penelitian ini jadi terlihat jelas ada 
integrasi antara analisis model 
pertumbuhan dan analisis gen GH. Tapi 
seperti saya sebutkan diatas, 
manuskrip ini masih membahas 
partially each analysis approaches 
seolah-olah terspisah sehingga belum 
nampak comprehensive (incoherens) 

6 30 Comments: 
Same comments as above 

Has been revised and clarified 

7 53-56 This sentences do not support or relate 
directly to the topic (growth), so I 
suggest to delete it or   
If the authors still put the sentence, I 
suggest the author should consider 
with the statement in line 69-70 : 
animals that have a large frame size of 
body tend to have higher potential of 
growth and have a higher proportion 
of meat. 
 

Actually, this sentence is a 
sentence that supports 
information about the 
superiority of Kejobong goat as 
Indonesian local goat to readers 
(especially foreigner readers) 
and as a reason why the authors 
used those goat as object of 
research  

8 98 ??? Has been revised 

9 107 Please see my comment and 
suggession at line 10 

Has been clarified at response 
comment line 10 

10 118-119 Did the author design the primers or 
cited by an article? Please state it. 

Has been revised 

11 129-137 This paper did not focus on the 
distribution of allele and genetic 
variability but focus on the 
comparation of growth based on two 
analysis with mathematical model and 
DNA approach, so I suggest to skip this 
analysis. 
I think no relationship between allelic 
freq, HWE, heterozygosity (describing 
the genetic diversity of the population 
sample) with matemathical growth 
model? 

Has been revised 

12 138-141 Is the sequencing method based on 
SNP identified  used for genotyping as 
well? If yes, please add the 
information. 

Has been revised 



13 178 Please add the position of the SNPs 
based on electrophoregram 
(sequencing  results) 

Due to 4 of 5 of SNPs identified 
are silent mutation (SNP 
1,2,3,5), so they don’t make any 
sense. While SNP4 as non-
synonymous mutation has been 
showed at figure 1. 

14 195-196 I think the point of view this study 
should  concern in this results. The 
data for growth model analysis should 
be concern with animal having the 
gentoypes identified, so the author can 
determine which model  appropriate 
to describe the genetic profile results. 

Analysis steps of relationship 
among sequence, genotype and 
growth model have been 
explained at response comment 
line 8-10. 
 
The appropriate model for each 
quantitative traits has been clear 
mentioned at conclusion section 

15 201-203 Comments same as above Has been clarified 

16 248-255 Did the authors compare with the 
sama SNP loacation? If not, then the 
comparation are bias 

Yes, the references (Dayal et al 
2016 and An et al 2011) used as 
comparator are in the same SNP 
location 

17 297-298 Please add one section to discuss the 
integrasion between molecular 
analysis and growt model analysis 

Has been clarified at response 
comment line 10 

18 308 Acknowledgement??? Because it is optional 
(mentioned in author guideline), 
authors decide to not declare 
acknowledgement 

 

 

REVIEWER 2 

No Line Reviewer Comment Author Respond 

1 8 Mungkin dapat ditambahkan 1 kalimat 
sebelum pendahuluan 

Has been revised 

2 17 and 20 terdiri dari Has been revised 

3 31-32 Before this  aims of research better to 
put one sentences. 

Has been revised 

4 39-42 This sentences make confuse with 
before sentences. Please rewrite and 
more effective sentences 
 

Has been revised 

5 44-45 We think this to early to conclude as 
genetic marker…???marker 
candidate??? 

Has been revised 

6 53-56 Please rewrite this sentences more 
effective 

Has been revised 

7 56-57 Compare to other goats in Indonesia, 
Kejobong goat has high rate of growth, 
good reproductive 
performances,….conditions. 

Has been revised 



8 71-76 It would be better to put this 
paragraph combined with the last 
paragraph of “ Introduction” to show 
the novelty of this research 

Has been revised 

9 72-74 Try to mentioned wchich breed 
goats?or species for each ciatation 

Has been revised 

10 76 combined Has been revised 

11 91 Please take the above paragraph that 
we suggest to state more clear 
novelty….novelty can be seen more 
clearly by providing previous research 
and why this reaseach are important 

Has been stated in line 71-79 

12 91 deleted Has been revised 

13 91 The effect of GH….. Has been revised 

14 107 This mentioned fisrt  I men 
quantitative record 1.960 and the 35 
blood to show the power of reseach 
are strong 

??? 

15 113 Is the unit of 3 cc correct? Has been revised 

16 118-120 What kind tools to design primer this 
primer?please mention I this 
paragraph 

Has been revised 

17 153-154 Better the year not to write..its too 
old…model Brody, Gompertz etc 

Has been revised 

18 176 For results , in general I highly 
recommend to put in sub title for 
provide each result ex; Amfilication GH 
Gene, Apropiate model growth using 
GH gene etc??? 

Has been revised 

19 177 Delete….A total 117 bp of GH….. Has been revised 

20 177-182 To avoid lost of contact reader…it 
would be better to show table in 
subtitle 

it is not in accordance with JITTA 
format guideline 

21 233 What is SNP2? Has been revised  

22 233-234 Please start with the finding result of 
this research and then support with 
literature or previous research for 
discussion 

Has been clear. Finding result in 
this research which named 
“SNP2” was also found in 
Chinese goat 

23 234 How to write SNP more than one 
please consider to the 
nomenclature??? 

Has been revised 

24 248-250 Please rewrite this sentences Has been revised 

25 284-286 Value of repeatability should  be 
mentioned 

Has been revised 

26 299-300 Try to avoid use genetic marker 
because it still more take validation 
effort to reach it. Please use marker 
candidate… 

Has been revised 

27 302-303 It make confuse. Try to simplify with 
previous sentences 

Has been revised 



28 305-306 The end of this conclusion try to put 
the implication 

Has been revised 

29 335-336 
and 361-
363 

This reference is too old..can use any 
update references to explain this 
model???the same also for other 
models that authors use in this analysis 

Has been revised 
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 2 

Appropriate Growth Models to Describe Early Growth of Kejobong Goat Based 3 

on Growth Hormone (GH) Gene Sequence Analysis 4 

 5 

 6 

 7 

ABSTRAK 8 

Tujuan penelitian yaitu untuk menemukan model pertumbuhan yang tepat dalam 9 

mendeskripsikan pertumbuhan awal kambing Kejobong berdasarkan analisis sekuen gen 10 

Growth Hormon (GH). Materi penelitian menggunakan 35 sampel DNA dan 1.960 11 

catatan sifat kuantitatif kambing Kejobong. Sampel DNA diamplifikasi dan disekuensing 12 

untuk mengidentifikasi SNP yang terdapat pada gen GH ekson 3. Pengukuran dan 13 

penimbangan bobot badan dan ukuran tubuh dilakukan pada umur 0-14 minggu. Empat 14 

model pertumbuhan non-linier diaplikasikan untuk menganalisis pertumbuhan guna 15 

membandingkan performan pertumbuhan dari berbagai genotipe dengan menggunakan 16 

Non-Linear Mixed model. Mutasi non-sinonim (g1170A→G) pada gen GH ekson 3  yang 17 

membentuk genotipe GG, AG dan AA secara signifikan berasosiasi dengan sifat 18 

pertumbuhan. Kambing Kejobong bergenotipe heterozigot AG menunjukkan sifat 19 

pertumbuhan yang lebih tinggi dibandingkan dengan kambing Kejobong bergenotipe 20 

homozigot AA. Meskipun demikian, kambing Kejobong bergenotipe homozigot GG 21 

memiliki sifat pertumbuhan yang sama dengan kambing Kejobong bergenotipe  22 

heterozigot AG dan homozigot AA. Model pertumbuhan yang paling tepat untuk 23 

mendeskripsikan bobot badan kambing Kejobong adalah model Von Bertalanffy, 24 
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sedangkan untuk menggambarkan tinggi badan dan tinggi pinggul adalah model Brody. 25 

SNP pada gen GH ekson 3 dapat digunakan sebagai penanda genetik untuk perbaikan 26 

sifat pertumbuhan kambing Kejobong. 27 

 28 

Kata Kunci : Analisis Pertumbuhan, GH, Kambing, Model Matematika, SNP 29 

 30 

ABSTRACT 31 

Objectives of this study were to reveal appropriate growth models describing early 32 

growth of Kejobong goat based on Growth Hormone (GH) gene sequence analysis. A 33 

total of 35 DNA samples and 1.960 records of quantitative traits of Kejobong goat were 34 

collected. The exon 3 of GH gene was amplified and was sequenced to determine the 35 

SNP. Body weight and body measurements of the goats were taken at 0-14 weeks of age. 36 

Four non-linear growth models were applied for analysis of growth to compare growth 37 

performance of different genotypes by Non-Linear Mixed Model. A non-synonymous 38 

mutation (g1170A→G) genotyped into GG, AG and AA was significantly associated with 39 

growth traits. Animals with heterozygous genotype AG showed higher growth traits than 40 

animals with homozygous genotype AA. Nonetheless, animals with homozygous 41 

genotype GG had the same growth traits with those animals with heterozygous genotype 42 

AG and homozygous genotype AA. The most fitted model for describing body weight 43 

was Von Bertalanffy model, while for describing wither height and hip height was Brody 44 

model. SNP at exon 3 of the GH gene can be used as genetic marker for improvement of 45 

growth traits of Kejobong goats. 46 

Keywords: GH, Goat, Growth analysis, Mathematical models, SNP 47 

 48 
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INTRODUCTION 49 

Kejobong goat is one of indigenous Indonesian breeds, which only exists in 50 

Purbalingga District, Central Java Province, Indonesia, and it is conventionally raised by 51 

local farmers. This goat belongs to Southeast Asian lineage and is confirmed to be 52 

descendant from crossbred of Kacang and Etawah Grade goats (Kurnianto et al., 2012; 53 

Kurnianto et al., 2013; Lestari et al., 2018A; Lestari et al., 2018B).  As the meat animals, 54 

Kejobong goat had 41.30% carcass yield that comprised 67.06% meat and 32.94% bone, 55 

while its meat is known to have less cholesterol than meat of Kacang and Etawah Grade 56 

goat (Aqsa et al., 2011). Kejobong goat is popular at the district because of its high rate 57 

of growth, good reproductive performance, high resistance to local diseases and parasites 58 

and ability to survive and growing ability under poor feeding conditions (Kurnianto et al., 59 

2012; Febriana et al., 2017). However, the breeders often have difficulty to satisfy the 60 

market demand on slaughtering weight. This is probably due to limited information of 61 

appropriate breeding strategy for Kejobong goat to accomplish the breeding goal of high 62 

meat productivity.  63 

Growth analysis can provide valuable information about mature weight, growth 64 

rate and mature time. Growth rate and body weight of animal at different ages influence 65 

productivity of meat and have deterministic effects on the profitability of meat production 66 

(Kheirabadi and Rashidi, 2019). Particularly, growth rate has large effect on meat 67 

producing efficiency up to slaughtering age which is crucial for economic success of 68 

animal production (Abbasi et al., 2012). According to Junior et al. (2013) and Ripoll et 69 

al. (2016), animals that have a large frame size of body tend to have higher potential of 70 

growth and have a higher proportion of meat. Therefore, besides body weight, body size 71 

is also important trait to be considered for performing animal selection. Study of growth 72 
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analysis has been done by previous researchers (Waheed et al., 2011; Setiaji et al., 2013; 73 

Zadeh et al., 2015; Raji et al., 2015; Lupi et al., 2016; Zadeh and Gorbani, 2018; Ghiasi 74 

et al., 2018; Rout et al., 2018; Kheirabadi and Rashidi, 2019), however they were only 75 

using phenotypic data into analysis. In this study, conventional growth analysis was 76 

modified by including genotype records to growth analysis. 77 

Early growth of kids is an economically important trait that affecting profitability 78 

in goat production (Baranzadeh et al., 2012; Moghbeli et al., 2013; Sadeghi et al., 2019). 79 

Physiologically, growth of an animal is a result from a complex process of metabolism 80 

including a coordinated action of several hormones that controlled by expression of their 81 

responsible genes (Mahrous et al., 2018). Growth Hormone (GH) gene is one of 82 

numerous genes which have large effect on growth performance of an animal. GH gene 83 

is encoding growth hormone that produces in anterior pituitary and is necessary for 84 

postnatal growth and metabolism in vertebrates (Ge et al., 2003). This hormone is known 85 

to have a broad impact on biological activity in all body cells, such as controlling and 86 

coordinating the flow rate of metabolic process, enhancing glycogen, protein, DNA and 87 

RNA biosynthesis and promoting the deposition of fat and the disintegration of fatty acids 88 

and glucose in the tissue (Gorlov et al., 2017; Wickramaratne et al., 2010; Othman et al., 89 

2015; Seevagan et al., 2015; Singh et al., 2015). Therefore, GH gene is considered to be 90 

a prime factor which affects growth performance of an animal.  91 

Based on these backgrounds, effect of GH gene on growth traits, especially from 92 

a point of genetic improvement is important to build breeding plan for high meat 93 

productivity. Prospectively, result of this study is not only suggesting appropriate 94 

management practice for improving production for the breeders, but also providing 95 

information of genetic marker in Kejobong goat for breeding selection in the future 96 
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through Marker-Assisted Selection (MAS) and/or Marker-Assisted Introgression (MAI) 97 

and appropriate mathematical growth models of Kejobong goat. Therefore, objective of 98 

this study was to reveal to reveal appropriate growth models describing early growth of 99 

body weight and body measurement of Kejobong goat based on the effect of Growth 100 

Hormone (GH) gene sequence analysis.  101 

 102 

MATERIALS AND METHODS 103 

Ethical approval 104 

All procedure involving animals were based on the standard rule of animal 105 

treating as appointed in the Republic of Indonesia’s law, number 41, 2014. 106 

Sampling and data collection 107 

A total of 35 blood samples and 1.960 quantitative traits records of Kejobong goat 108 

were collected from Purbalingga District, Central Java Province, Indonesia. Quantitative 109 

traits records comprised body weight (BW), wither height (WH), chest depth (CD), chest 110 

width (CW), hip height (HH), hip width (HW) and heart girth (HG) at 0, 2, 4, 6, 8, 10, 12 111 

and 14 weeks of age.  112 

DNA extraction, Polymorphism Chain Reaction (PCR) and sequencing 113 

 Blood samples for DNA analysis were taken by 3cc spuit from jugular venous 114 

that previously cleaned with alcohol. The blood was then collected in vacutainer blood 115 

collection tubes with an anticoagulant (EDTA). DNA was extracted from whole blood by 116 

gSYNC DNA mini kit (Geneaid Biotech, Taiwan) according to the manufacturer’s 117 

standard protocol for PCR and sequencing analysis.  118 

Forward primer F: 5’-TAGAAATGGGGGTGTGTGGGGT-3’ and reverse 119 

primer R: 5’-CATCCTCCACTGCCATCCAACA-3’ (Sigma-Aldrich, Japan) were used 120 
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to amplify GH gene exon 3. PCR was carried out in total volume 50 μL comprising 1 μL 121 

KOD Plus (Toyobo, Japan), 5 μL buffer, 5 μL dNTP, 2 μL MgSO4, 1.5 μL forward primer, 122 

1.5 μL reverse primer, 32 μL PCR water and 2 μL DNA template. PCR amplification was 123 

running with an initial denaturation at 94°C for 2 min, followed by 40 cycles of 124 

denaturation at 94°C for 15 sec, primers annealing 66.8°C for 30 sec and extension at 125 

68°C for 19 sec. PCR products were electrophoresed using 1.3% Agarose gel at 110 V 126 

for 20 min. PCR products were then visualized by UV trans-illuminator and was 127 

sequenced through Fasmac sequencing service, Japan. 128 

Data analysis 129 

Allelic and genotypic frequencies were directly calculated. Hardy-Weinberg 130 

Equilibrium (HWE) was tested using chi-square statistic (χ2) as follows:  131 

χ2 ( )

=

−
=

k

i 1 i

2

ii

e
eo  , 132 

where χ2 is the Chi square value; oi the observed value of genotype frequency, ei the 133 

expected value of genotype frequency, χ2 the table using 5% significance level for HWE 134 

test.  135 

Heterozygosity (H) was calculated as follows: 136 

H = 1 –
=

k

i

p

1

2
i , 137 

where H is the value of heterozygosity and pi the frequency of the ith of k alleles. 138 

Sequencing result alignment was analyzed by Clustal W (Thompson et al., 1994) 139 

with Molecular Evolutionary Genetics Analysis (MEGA6.0) (Tamura et al., 2013) to find 140 

out the SNP within animals. Sequencing result then was translated into amino acids form 141 

by standard genetic code to identify amino acid alteration that caused by SNP. 142 
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Linear Mixed Model (LMM) was used to analyze association between genotype 143 

with quantitative traits by MIXED procedure in Statistical Analysis System (SAS 9.3) 144 

(SAS Institute Inc, 2011). The model was:  145 

yijkl = µ + Gi + Fj + uk + b1ɑijkl + b2ɑ
2
ijkl + eijkl, 146 

where yijkl is the observed value of a dependent variable (body weight or body 147 

measurements); µ the overall mean of the population; Gi the fixed effect of ith genotype 148 

(i = 1 for GG, 2 for AG, 3 for AA); Fj the fixed effect of jth farm group (j = 1, 2, 3, 4); uk 149 

the random effect of kth animal; b1 and b2 the linear and quadratic coefficients of partial 150 

regression, respectively; l
th individual measurement, ɑijkl age in days of a covariate and 151 

eijkl the random residual for yijkl. Difference in the least square means of the genotypes 152 

was tested by the Tukey-Kramer (Tukey, 1949). 153 

The nonlinear growth models comprised Brody (Brody, 1945), Von Bertalanffy 154 

(Bertalanffy, 1938), Logistic (Verhulst, 1838) and Gompertz (Gompertz, 1825) and they 155 

were compared by describing animal growth (Table 1).  Growth models were analyzed 156 

using Nonlinear Mixed Model (NLMM) by NLMIXED procedure of SAS 9.3 (SAS 157 

Institute Inc, 2011). Body weight or body measurements as dependent variables are 158 

influenced by genotype and age. Therefore, dummy variables were created to assess the 159 

effect of qualitative variables on dependent variables according to the method by Filho et 160 

al. (2014). The NLMIXED procedure was used in this study due to its flexibility in 161 

engaging the variance covariance structure which could not be identified by traditional 162 

regression approach. Also NLMIXED has ability to handle unbalance data (Aggrey, 163 

2009; Galeano-Vasco et al., 2014). This procedure can reduce potential biases despite 164 

selective sampling and supply supplemental parameters that characterize variation 165 

between individual animals (Craig and Schinkel, 2001).  166 
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The models were tested for goodness of fit using -2 log likelihood, Akaike 167 

Information Criterion (AIC) (Akaike, 1974), Bayesian Information Criterion (BIC) 168 

(Schwarz, 1978) and the residual variances (σ2
e). AIC and BIC were calculated by the 169 

following formula: 170 

AIC = n ln 








n

SSE
+ 2k 171 

BIC = n ln 








n

SSE
+ k ln (n) 172 

where n is the number of observation; SSE the Sum Square Errors and k the number of 173 

parameters. Smaller values of AIC, BIC or σ2
e indicate the best fit of the model to the 174 

observations.  175 

 176 

RESULTS 177 

Result showed that a total 117 bp of GH gene exon 3 encoding 38 amino acid 178 

sequence were well amplified. Sequencing result revealed 5 SNPs as transition mutation 179 

in parsimonious form, which were g1121A→G (SNP1), g1148T→C (SNP2), 180 

g1160A→G (SNP3), g1170A→G (SNP4) and g1178C→T (SNP5). Genotype 181 

frequencies of Kejobong goats were not different from HWE, and the frequency of 182 

heterozygosity was 49% (Table 2). The estimated allele of the GH gene exon 3 in this 183 

study was 57% and 43% for G and A, respectively. Frequencies of genotypes GG, AG 184 

and GC were 37%, 40% and 23%, respectively, so that G allele and heterozygous 185 

genotype AG were predominant in this locus.  186 

Test of significance showed that the fixed effect of genotype together with effect 187 

of farm and linear and quadratic coefficients of age were statistically significant (P<0.05) 188 

in BW while the fixed effect of genotype and linear and quadratic coefficients of age were 189 
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statistically significant (P<0.05) in WH, and the fixed effect of genotype, age of doe and 190 

linear and quadratic coefficients of age were statistically significant (P<0.05) in HH. 191 

Conversely, the fixed effect of genotype was not significant in CD, CW, HW and HG 192 

(Table 3).  193 

Animals of genotype AG demonstrated the highest BW, HW and HH then it 194 

followed with animals of genotype GG and AA (Table 4). Comparing genotypes at 195 

different periods, BW0 and BW6 in animals of genotype AG (4.35 kg and 8.40 kg) were 196 

significantly heavier (P<0.05) than animals of genotype AA (3.40 kg and 6.59 kg), while 197 

animals of genotype GG (3.84 kg and 6.97 kg) showed no significant difference with 198 

genotype AG and AA. However, there were no significant effect of genotype at BW2, 199 

BW4, BW8, BW10, BW12 and BW14.  200 

Significant difference between genotypes for body measurements were observed 201 

in wither height (WH6, WH10, and WH14) and hip height (HH12 and HH14). Similar to 202 

body weight, animals of genotype AG had significantly (P<0.05) higher wither and hip 203 

heights than those animals of genotype AA, but there was no significant difference 204 

between animals of genotype GG with animals of genotype AG and AA (Table 5). 205 

Estimated parameters for body weight, wither height and hip height are presented 206 

in Table 6, respectively. Growth analysis showed that Von Bertalanffy model had the 207 

lowest -2 log likelihood, and two criteria AIC and BIC compared with the other models 208 

indicating this model as the best model for describing growth of body weight in Kejobong 209 

goat. On the other hand, the highest -2 log likelihood, AIC and BIC were obtained in 210 

Logistic model. Brody model in this study showed fit to wither height and hip height well 211 

according to its value of -2 log likelihood, AIC and BIC, which was lower than Gompertz, 212 

Logistic and Von Bertalanffy model.  213 
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Von Bertalanffy model fitted best to body weight, estimated 23.01 kg mature body 214 

weight (a), 0.39 integration constant (b) and 0.01389 growth rate (k). The best estimated 215 

for wither height and hip height by Brody model were 54.65 cm and 58.91 cm for 216 

parameter a; 0.37 and 0.36 for parameter b; 0.01577 and 0.01647 for parameter k. In this 217 

study, the estimated parameter b for body weight, wither height and hip height were 0.39, 218 

0.37 and 0.36 respectively.  219 

Furthermore, estimated parameter k of body weight in Von Bertalanffy model was 220 

0.01389. Negative correlation was found between parameter k and parameter a (Table 7). 221 

This result was confirmed by the fact that Brody model in this study had the slowest 222 

parameter k (0.006948) in body weight, yet it had the highest estimated parameter a 223 

(25.29 kg) among the others. Similarly, the highest parameter k in wither height (0.2606) 224 

and hip height (0.02341) had the lowest estimated parameter a (50.78 cm, 56.26 cm) in 225 

Von Bertalanffy and Logistic models respectively.  226 

Representing variability among individual animals, estimated animal variance 227 

(σ2
u) of the body weight in this study was 5.78. The higher the variance, the greater the 228 

difference is realized among animals.  Furthermore, residual variance (σ2
e) of the body 229 

weight in this study was 0.31 that indicated the gap between predicted value and observed 230 

value. Repeatability of body weight by intra-class correlation was 0.95 this study.  231 

 232 

DISCUSSION 233 

SNP2 of this study was also found in a report analyzing GH gene of Chinese goat 234 

(An et al., 2010). Among five SNPs in this study, translation result showed SNP4 causing 235 

amino acid alteration which changes amino acid sequence in GH gene exon 3. SNP4 as 236 

non-synonymous mutation changed the first triplet codon of AGC encoding Serin to GGC 237 
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encoding Glycine (Figure 1) and we used it to distinguished as GG, AG and AA 238 

genotypes, whereas the other SNPs were silent mutation (SNP1 CAG>CAA(Gln); SNP2 239 

TCT>TCC(Ser); SNP3 CCA>CCG(Pro); SNP5 AAC>AAT(Asn)). According to Nei and 240 

Kumar (2000), most of synonymous amino acid was found due to substitution of 241 

nucleotides in the third codon, while substitution of nucleotides in the first and second 242 

codon generate non-synonymous amino acid. Therefore, non-synonimous mutation that 243 

change amino acid sequence in exon region may change the peptide sequence of the 244 

encoded protein and influence the function of the protein, which was growth hormone in 245 

this study. This hormone has substantial metabolic effects on somatic growth, stimulation 246 

of protein synthesis and cellular uptake of amino acids and development of body 247 

composition (Hjortebjerg et al., 2017). 248 

 Result in this study agreed with a result by Dayal et al. (2016), in which goats 249 

with heterozygous genotype AC had the heaviest body weight among five observed 250 

genotypes in Black Bengal goat. Gorlov et al. (2017) reported their study in Salsk sheep 251 

that sheep with AB genotype significantly had heavier body weight, average daily gain 252 

and carcass weight than sheep with AA genotype. A contradictory result was reported by 253 

An et al. (2011) that goats with homozygous genotype AA significantly had higher body 254 

weight than those of heterozygous genotype AB at age of one and three months old in 255 

Chinese goat, however, wither height showed no significant difference. The different 256 

results seem to be due to genetic difference that leads to different structure of GH gene 257 

and limited number of observations. Therefore, further study is necessary to validate the 258 

predominant effect of heterozygote of GH gene with a larger number of animals and more 259 

sampled observations. 260 
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The best model for describing growth of body weight in this study was different with 261 

previous study by Kheirabadi and Rashidi (2019), reported that Logistic model fitted 262 

worst to body weight, while Brody model fitted most accurately to body weight of 263 

Markhoz goat. In this study, estimated mature body weight (a) was 23.01 kg implying 264 

that Kejobong goat had heavier mature body weight than Raeini Cashmere goat (17.97 265 

kg) (Ghiasi et al., 2018) and Nondescipt goat (6.42 to 10.55 kg) (Raji et al., 2015) but 266 

lighter body weight than Beetal goat (23.39 kg) (Waheed et al., 2011). Those values of 267 

parameter b for body weight, wither height and hip height in this study were described to 268 

represent the proportion of mature weight attained after birth, calculated by the initial 269 

weight and age value (Lupi et al., 2016). On the other hand, Ghiasi et al. (2018) stated 270 

that parameter b is a scale parameter that has no biological interpretation. Waheed et al. 271 

(2011) reported higher estimated values of parameter k (0.1077) in Beetal goat by Brody 272 

model. Other researchers estimated parameter k as much as 0.017 in Cashmere goat 273 

(Ghiasi et al. 2018) and 0.0108 in Repartida goat (Pires et al., 2017) by applying 274 

Gompertz model, so that Kejobong goat in this study is considered to attain mature weight 275 

later than Beetal and Cashmere goats but earlier than Repartida goat. 276 

Negative correlation between parameter k and parameter a indicated the slower 277 

growth rate, the larger mature weight, vice versa. Previous studies supported this results. 278 

Kurnianto et al. (1998) reported that animals with slower growth rate tended to have 279 

estimated heavy body weight at maturity. Brown et al. (1976) stated that selection for 280 

increasing growth rate tended to decrease mature weight, yet its antagonistic association 281 

could be minimized by cross-breeding and improving feed quality. On other hand, 282 

previous study by Ghiasi et al. (2018) showed lower animal variance (1.29) and higher 283 

residual variance (8.01) on growth analysis of Raeni Cashmere goat using Gompertz 284 
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model than the present study. Repeatability of body weight in this study was higher than 285 

repeatability value of South African Angora goat (Snyman and Olivier, 1999) and 286 

Boerawa goat (Beyleto et al., 2010). The high repeatability in this study may be resulted 287 

by the fact that systematic factors affecting body weight were fitted as many as possible 288 

in NLMM and that earlier body weight was a component of latter body weight.  289 

The NLMIXED procedure used in this study has flexibility in engaging the 290 

variance covariance structure which could not be identified by traditional regression 291 

approach. Also NLMIXED has ability to handle unbalance data (Aggrey, 2009; 292 

Galeano-Vasco et al., 2014). This procedure can reduce potential biases despite selective 293 

sampling and supply supplemental parameters that characterize variation between 294 

individual animals (Craig and Schinkel, 2001). Therefore, this procedure can facilitate 295 

growth analysis by including genotype information and estimates accurately the growth 296 

performance of Kejobong goats. 297 

 298 

CONCLUSION 299 

 SNP g1170A→G in GH gene is associated with growth traits and can be used as 300 

genetic marker for animal selection to improve goat’s growth performance. Animals with 301 

heterozygous genotype AG showed higher growth performance than homozygous 302 

genotype AA. Nonetheless, animals with homozygous genotype GG showed no 303 

difference with either heterozygous genotype AG or homozygous genotype AA. Model 304 

(y = 23.01 (1 – 0.39 e–0.01389age)3) by Von Bertalanffy, y = 54.65 (1 – 0.37 e–0.01577age) and 305 

y = 58.91 (1 – 0.36 e–0.01647age) by Brody were fitted well to describe body weight, wither 306 

height and hip height of Kejobong goat, respectively.  307 

 308 
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 454 

TABLE 455 

Table 1. Growth equations used to construct the growth model  456 

Model FunctionA Inflection weight Inflection age 

Brody y = a (1 – b exp-kt) - - 

Von Bertalanffy y = a (1 – b exp-kt)3 yi = 8a/27 ti = ln(3b)/k 

Logistic y = a / (1 + b exp-kt) yi = a/2 ti = ln(b)/k 

Gompertz y = a exp (– b exp-kt) yi = a/exp ti = ln(b)/k 

Ay, observed body weight/body measurements; a, the estimated of mature body 457 
weight/body measurements; b, the integration constant; k, the growth rate constant; t, the 458 

animal age in day and exp, Napier’s constant the base of natural logarithm.  459 

 460 

  461 
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Table 2. Estimated allele and genotype frequency 462 

Variable 

Measured 

Genotype  Allele 

H χ2 

GG AG AA  G A 

Frequencies 0.37 0.40 0.23  

0.57 0.43 0.49 1.18 Observation 13 14 8  

Expectation 11.43 17.14 6.43  

H, Heterozygosity; χ2, Chi square value. 463 

 464 

  465 
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Table 3. Significance analysis of factor affecting body weight and body measurements 466 

Traits Effect Degree of  freedom f-value p-value 

BWA Genotype 2 3.44 0.0335 

 Age of doe 3 1.43 0.2355 

 Farm 3 5.33 0.0050 

 Age (linear) 1 224.97 <0.0001 

 Age (quadratic) 1 17.98 <0.0001 

WHB Genotype 2 4.14 0.0171 

 Age of doe 3 2.59 0.0537 

 Farm 3 2.27 0.1021 

 Age (linear) 1 238.66 <0.0001 

 Age (quadratic) 1 50.99 <0.0001 

CDC Genotype 2 0.14 0.8677 

 Age of doe 3 0.54 0.6541 

 Farm 3 1.00 0.4081 

 Age (linear) 1 40.44 <0.0001 

 Age (quadratic) 1 10.58 0.0013 

CWD Genotype 2 2.41 0.0920 

 Age of doe 3 2.66 0.0491 

 Farm 3 5.48 0.0043 

 Age (linear) 1 36.02 0.0001 

 Age (quadratic) 1 9.05 0.0029 

HHE Genotype 2 4.25 0.0153 

 Age of doe 3 2.64 0.0499 
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 Farm 3 1.71 0.1879 

 Age (linear) 1 267.39 <0.0001 

 Age (quadratic) 1 59.44 <0.0001 

HWF Genotype 2 1.74 0.1775 

 Age of doe 3 0.71 0.5496 

 Farm 3 2.27 0.1023 

 Age (linear) 1 62.34 <0.0001 

 Age (quadratic) 1 13.53 0.0003 

HGG Genotype 2 1.69 0.1873 

 Age of doe 3 1.62 0.1852 

 Farm 3 3.89 0.0192 

 Age (linear) 1 347.92 <0.0001 

 Age (quadratic) 1 70.55 <0.0001 

ABody weight; BWither height; CChest depth; DChest width; EHip height; FHip width; 467 
GHeart girth. 468 

 469 
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Table 4. Average of body weight and body measurements 471 

Traits 

Genotype 

GG AG AA 

Body weight (BW)    

BW0 3.75±0.76 4.26±1.02 3.51±1.06 

BW2 4.91±0.75 5.39±1.20 4.87±1.20 

BW4 6.12±0.89 6.57±1.38 5.84±1.95 

BW6 7.39±1.01 7.91±1.63 6.74±2.15 

BW8 8.24±1.14 8.87±1.89 7.85±2.62 

BW10 9.07±1.21 9.72±2.26 8.64±2.89 

BW12 9.87±1.33 10.52±2.56 9.19±3.08 

BW14 10.64±1.49 11.36±2.78 9.80±3.10 

Wither height (WH)    

WH0 33.93±3.21 35.08±2.49 31.69±4.63 

WH2 37.85±2.84 37.72±4.45 36.63±2.92 

WH4 40.63±2.55 40.57±4.12 39.33±4.43 

WH6 42.34±2.30 43.28±2.48 40.77±5.35 

WH8 44.29±2.40 45.09±3.30 42.51±4.88 

WH10 45.42±1.85 45.65±3.47 42.85±5.24 

WH12 46.35±2.52 47.54±3.29 44.49±4.88 

WH14 47.61±2.67 49.06±3.07 45.39±4.98 

Hip height (HH)    

HH0 36.57±3.19 37.60±3.40 34.23±4.73 

HH2 40.09±3.30 40.78±2.55 38.34±3.55 
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HH4 42.89±2.85 43.56±3.67 42.00±4.72 

HH6 44.84±2.68 46.39±2.52 43.92±5.37 

HH8 46.63±3.01 47.67±3.12 45.39±5.02 

HH10 48.01±2.00 48.33±2.91 46.03±5.62 

HH12 48.99±2.41 50.56±3.08 45.96±4.76 

HH14 50.55±2.57 52.15±2.99 47.82±5.75 

 472 
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Table 5. Estimated genotypic effect for body weight and body measurements for each 474 
measurement 475 

Traits 

Genotypes 

GG AG AA 

Body weight (BW)    

BW0 3.84±0.22AB 4.35±0.20A 3.40±0.27B 

BW2 4.84±0.28 5.67±0.26 4.82±0.36 

BW4 5.87±0.37 6.97±0.34 5.75±0.46 

BW6 6.97±0.43AB 8.40±0.40A 6.59±0.55B 

BW8 7.80±0.52 9.43±0.47 7.71±0.66 

BW10 8.57±0.59 10.35±0.54 8.54±0.75 

BW12 9.29±0.65 11.17±0.60 9.17±0.84 

BW14 10.03±0.69 12.03±0.63 9.71±0.88 

Wither height (WH)    

WH0 34.27±0.94 35.03±0.87 32.64±1.20 

WH2 37.38±1.18 38.41±1.08 36.03±1.51 

WH4 39.89±1.07 41.44±0.98 39.08±1.37 

WH6 41.88±0.90AB 44.25±0.83A 40.45±1.16B 

WH8 43.41±1.04 46.15±0.95 42.14±1.33 

WH10 44.15±1.01AB 46.83±0.93A 42.33±1.29B 

WH12 45.59±1.03 48.53±0.95 44.34±1.32 

WH14 46.69±1.04AB 49.95±0.95A 45.29±1.33B 

Hip height (HH)    

HH0 36.95±1.01 37.71±0.93 34.59±1.30 

HH2 36.95±1.01 41.11±0.89 38.16±1.23 
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HH4 42.61±1.12 43.85±1.03 42.02±1.43 

HH6 44.55±1.03 47.21±0.94 43.87±1.32 

HH8 45.57±1.14 48.65±1.05 44.96±1.46 

HH10 46.94±1.00 49.31±0.96 45.48±1.28 

HH12 48.58±1.05AB 51.28±0.97A 45.82±1.35B 

HH14 49.59±1.09AB 53.08±1.00A 47.57±1.39B 

A,B In the same row, values with different superscripts are significantly different (P<0.05).   476 

 477 
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Table 6. Estimated parameters of growth and goodness of fit for four different growth 479 

models 480 

Parameter 

Model 

Brody Von Bertalanffy Logistic Gompertz 

Body weight     

a 25.29±1.01 23.01±0.47 21.65±0.30 22.48±0.39 

b 0.83±0.01 0.39±0.01 2.56±0.07 1.42±0.03 

k 0.006948±0.001019 0.01389±0.001097 0.0277±0.001309 0.01735±0.001143 

yi - 6.82 10.83 8.27 

ti - 11.75 33.93 20.10 

σ2
u 9.08±2.67 5.78±1.48 4.17±1.03 5.13±1.29 

σ2
e 0.32±0.03 0.31±0.03 0.32±0.03 0.31±0.03 

GG -3.6±0.79 -4.2±0.59 -4.64±0.49 -4.37±0.55 

AG -2.01±0.85 -3.03±0.061 -3.63±0.50 -3.26±0.56 

AA -4.53±0.95 -5.06±0.75 -5.3±0.63 -5.18±0.70 

-2 Log 

Likehood 

606.6 605.8 609.5 606.1 

AIC 630.6 629.8 633.5 630.1 

BIC 649.6 648.8 652.5 649.1 

Wither height     

a 54.65±0.94 50.78±0.31 53.59±0.71 55.54±0.81 

b 0.37±0.01 1.96±0.08 0.53±0.02 0.44±0.01 

k 0.01577±0.002084 0.2606±0.01207 0.02292±0.002268 0.01934±0.002171 

σ2
u 9.93±2.56 0.0014±0.5954 9.39±2.40 9.62±2.47 

σ2
e 3.95±0.36 29.44±1.63 3.97±0.36 3.96±0.36 

GG -3.3±0.82 -6.82±0.50 -3.67±0.77 -5.02±0.79 

AG -2.76±0.81 -6.78±0.47 -3.14±0.76 -4.48±0.78 

AA -5.59±0.92 -11.91±0.64 -5.90±0.88 -7.27±0.90 
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-2 Log 

Likehood 

1274.3 2217.3 1276.0 1275.1 

AIC 1290.9 2233.3 1292.0 1291.1 

BIC 1303.0 2246.0 1304.6 1303.8 

Hip height     

a 58.91±0.72 57.73±0.73 56.26±0.56 56.61±0.62 

b 0.36±0.01 0.13±0.01 0.50±0.01 0.42±0.01 

k 0.01647±0.002009 0.01839±0.002112 0.02341±0.002187 0.01994±0.002092 

σ2
u 8.40±2.20 12.99±0.64 7.91±2.04 8.09±2.10 

σ2
e 3.72±0.34 3.71±0.33 3.75±0.34 3.73±0.34 

GG -2.24±0.77 -2.12±0.94 -1.56±0.73 -1.44±0.75 

AG -0.60±0.78 -0.81±0.93 0.12±0.74 0.25±0.75 

AA -4.55±0.89 -4.63±1.08 -3.60±0.86 -3.50±0.87 

-2 Log 

Likehood 

1254.6 1258.2 1256.5 1255.4 

AIC 1278.6 1282.2 1280.5 1279.4 

BIC 1297.6 1301.2 1299.5 1298.4 

a, the estimated of mature body weight/body measurements; b, the integration constant; 481 
k, the growth rate constant; yi, body weight (kg) at the point at inflection; ti, age (weeks) 482 

at the point at inflection; σ2
u; additive genetic variance; σ2

e, error variance; AIC, akaike 483 
information criterion; BIC, bayesian information criterion. 484 

 485 

Table 7. Correlation among growth parameter within traits based on their best model   486 

Growth Parameter 

 Mature weight (a) 

 BWA  WHB  HHC 

Integration constant (b)  0.5564  0.7038  0.6652 

Growth rate (k)  -0.7833  -0.8755  -0.8636 

 ABody weight; BWither height; CHip height 487 

 488 

  489 
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FIGURE 490 

 491 

 492 

Figure 1. Amino acid alteration caused by SNP g1170A 493 
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Thank you for your contribution.

Mr. JITAA UNDIP
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to me, delaayulestari, asepsetiaji93, edy, purbowati, konnot, 及川卓郎

Dear Dr. Sutopo

Please complete your proof and payment steps by May 31, 2021, to be

included in the next issue.

Best regards

Asep Setiaji Ph.D.

Faculty of Animal and Agricultural Sciences, Diponegoro University

jitaa.undip@gmail.com
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ABSTRAK

Tujuan penelitian yaitu untuk menemukan model pertumbuhan yang tepat dalam mendeskripsikan
pertumbuhan awal kambing Kejobong berdasarkan analisis sekuen gen  Growth Hormon (GH). Materi
penelitian menggunakan 35 sampel DNA dan 1.960 catatan sifat kuantitatif kambing Kejobong. Sampel
DNA diamplifikasi dan disekuensing untuk mengidentifikasi SNP yang terdapat pada gen GH ekson 3.
Pengukuran dan penimbangan bobot badan dan ukuran tubuh dilakukan pada umur 0-14 minggu. Empat
model  pertumbuhan non-linier  diaplikasikan untuk  menganalisis  pertumbuhan  guna membandingkan
performan pertumbuhan dari berbagai genotipe dengan menggunakan Non-Linear Mixed model. Mutasi
non-sinonim (g1170AG) pada gen GH ekson 3  yang membentuk genotipe GG, AG dan AA secara
signifikan  berasosiasi dengan  sifat  pertumbuhan.  Kambing  Kejobong bergenotipe  heterozigot  AG
menunjukkan sifat pertumbuhan yang lebih tinggi dibandingkan dengan kambing Kejobong bergenotipe
homozigot AA.  Meskipun  demikian,  kambing  Kejobong  bergenotipe  homozigot GG memiliki  sifat
pertumbuhan yang sama dengan kambing Kejobong bergenotipe  heterozigot  AG dan homozigot AA.
Model  pertumbuhan yang paling tepat untuk mendeskripsikan bobot badan kambing Kejobong adalah
model Von Bertalanffy, sedangkan untuk menggambarkan tinggi badan dan tinggi pinggul adalah model
Brody.  SNP pada  gen  GH ekson 3 dapat  digunakan sebagai  penanda genetik untuk perbaikan sifat
pertumbuhan kambing Kejobong.

Kata Kunci : Analisis Pertumbuhan, GH, Kambing, Model Matematika, SNP

ABSTRACT

Objectives  of  this  study were to  reveal  appropriate  growth models  describing early growth of
Kejobong goat based on Growth Hormone (GH) gene sequence analysis. A total of 35 DNA samples and
1.960 records  of  quantitative  traits  of  Kejobong goat  were collected.  The exon 3 of  GH gene was
amplified and was sequenced to determine the SNP. Body weight and body measurements of the goats
were taken at 0-14 weeks of age. Four non-linear growth models were applied for analysis of growth to
compare growth performance of different genotypes by Non-Linear Mixed Model.  A non-synonymous
mutation (g1170AG) genotyped into GG, AG and AA was significantly associated with growth traits.
Animals with heterozygous genotype AG showed higher growth traits than animals with homozygous
genotype AA. Nonetheless, animals with homozygous genotype GG had the same growth traits with
those animals with heterozygous genotype AG and homozygous genotype AA. The most fitted model for
describing body weight was Von Bertalanffy model, while for describing wither height and hip height
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was Brody model. SNP at exon 3 of the  GH gene can be used as genetic marker for improvement of
growth traits of Kejobong goats.

Keywords: GH, Goat, Growth analysis, Mathematical models, SNP
 

INTRODUCTION

Kejobong  goat  is  one  of  indigenous
Indonesian  breeds, which  only  exists  in
Purbalingga  District,  Central  Java  Province,
Indonesia, and it is conventionally raised by local
farmers.  This  goat  belongs to  Southeast  Asian
lineage and is confirmed to be descendant  from
crossbred  of  Kacang  and  Etawah  Grade  goats
(Kurnianto  et  al.,  2012;  Kurnianto  et  al.,  2013;
Lestari et al., 2018A; Lestari et al., 2018B).  As the
meat animals, Kejobong goat had 41.30% carcass
yield  that  comprised  67.06%  meat  and  32.94%
bone,  while  its  meat  is  known  to  have  less
cholesterol  than  meat  of  Kacang  and  Etawah
Grade goat (Aqsa et al., 2011). Kejobong goat is
popular at the district because of its high rate of
growth,  good  reproductive  performance,  high
resistance  to  local  diseases  and  parasites  and
ability to survive and growing ability under poor
feeding  conditions  (Kurnianto et  al.,  2012;
Febriana et  al.,  2017).  However,  the  breeders
often have difficulty to satisfy the market demand
on slaughtering weight.  This is  probably  due to
limited  information of appropriate  breeding
strategy  for  Kejobong  goat  to  accomplish the
breeding goal of high meat productivity. 

Growth  analysis  can  provide  valuable
information about mature weight, growth rate and
mature  time.  Growth  rate  and  body  weight  of
animal at different ages influence productivity of
meat  and  have  deterministic  effects  on  the
profitability of  meat production (Kheirabadi  and
Rashidi, 2019). Particularly, growth rate has large
effect  on  meat  producing  efficiency  up  to
slaughtering  age  which  is  crucial  for  economic
success  of  animal  production  (Abbasi  et  al.,
2012).  According  to  Junior  et  al.  (2013)  and
Ripoll  et  al.  (2016),  animals  that  have  a  large
frame size of body tend to  have higher potential
of growth  and have a higher proportion of meat.
Therefore, besides body weight, body size is also
important  trait  to  be  considered  for  performing
animal  selection.  Study  of  growth  analysis  has
been done by previous researchers (Waheed et al.,
2011; Setiaji et al., 2013; Zadeh et al., 2015; Raji
et al., 2015; Lupi et al., 2016; Zadeh and Gorbani,
2018;  Ghiasi  et  al.,  2018;  Rout  et  al.,  2018;
Kheirabadi  and  Rashidi,  2019),  however  they
were only using phenotypic data into analysis. In

this  study,  conventional  growth  analysis  was
modified by including genotype records to growth
analysis.

Early  growth  of  kids  is  an  economically
important trait that affecting profitability in goat
production (Baranzadeh et al., 2012; Moghbeli et
al.,  2013; Sadeghi  et al.,  2019).  Physiologically,
growth of an animal is a result  from a complex
process of  metabolism including  a  coordinated
action  of  several  hormones  that  controlled  by
expression of their responsible genes (Mahrous et
al., 2018). Growth Hormone (GH) gene is one of
numerous  genes  which  have  large  effect  on
growth  performance  of  an  animal.  GH gene  is
encoding  growth  hormone  that  produces in
anterior  pituitary  and  is  necessary  for  postnatal
growth and metabolism in vertebrates (Ge  et al.,
2003).  This hormone is  known to have a broad
impact  on  biological  activity  in  all  body  cells,
such as controlling and coordinating the flow rate
of  metabolic  process,  enhancing  glycogen,
protein,  DNA  and  RNA  biosynthesis  and
promoting  the  deposition  of  fat  and  the
disintegration  of  fatty  acids  and  glucose  in  the
tissue (Gorlov et al., 2017; Wickramaratne et al.,
2010; Othman et al., 2015; Seevagan et al., 2015;
Singh  et  al.,  2015).  Therefore,  GH gene  is
considered  to  be a  prime  factor  which  affects
growth performance of an animal. 

Based  on these  backgrounds,  effect  of  GH
gene on  growth traits, especially from a point of
genetic  improvement  is important  to  build
breeding  plan  for  high  meat  productivity.
Prospectively,  result  of  this  study  is  not  only
suggesting  appropriate  management  practice  for
improving  production  for  the  breeders,  but  also
providing  information  of  genetic  marker  in
Kejobong goat for breeding selection in the future
through Marker-Assisted Selection (MAS) and/or
Marker-Assisted  Introgression  (MAI)  and
appropriate  mathematical  growth  models  of
Kejobong goat. Therefore, objective of this study
was to reveal to reveal appropriate growth models
describing early growth of body weight and body
measurement  of  Kejobong  goat  based  on  the
effect  of  Growth Hormone (GH)  gene sequence
analysis. 

MATERIALS AND METHODS
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Ethical approval
All procedure involving animals were based

on  the  standard  rule  of  animal  treating  as
appointed  in  the  Republic  of  Indonesia’s  law,
number 41, 2014.

Sampling and data collection
A  total  of  35  blood  samples  and  1.960

quantitative traits records of Kejobong goat were
collected from Purbalingga District, Central Java
Province,  Indonesia.  Quantitative  traits  records
comprised  body  weight  (BW),  wither  height
(WH), chest depth (CD), chest width (CW), hip
height (HH), hip width (HW) and heart girth (HG)
at 0, 2, 4, 6, 8, 10, 12 and 14 weeks of age. 

DNA extraction, Polymorphism Chain 
Reaction (PCR) and sequencing

Blood samples for DNA analysis were taken
by 3cc spuit from jugular venous  that previously
cleaned  with  alcohol.  The  blood  was  then
collected in vacutainer blood collection tubes with
an  anticoagulant  (EDTA).  DNA was  extracted
from  whole  blood  by  gSYNC  DNA  mini  kit
(Geneaid  Biotech,  Taiwan)  according  to  the
manufacturer’s  standard  protocol  for  PCR  and
sequencing analysis. 

Forward  primer  F:  5’-
TAGAAATGGGGGTGTGTGGGGT-3’  and
reverse  primer  R:  5’-
CATCCTCCACTGCCATCCAACA-3’  (Sigma-
Aldrich,  Japan)  were  used  to  amplify  GH gene
exon 3.  PCR was carried out in total volume 50
μL comprising 1 μL KOD Plus (Toyobo, Japan), 5
μL  buffer,  5  μL  dNTP,  2  μL  MgSO4,  1.5  μL
forward primer, 1.5 μL reverse primer, 32 μL PCR
water and 2 μL DNA template. PCR amplification
was running with an initial denaturation at 94°C
for 2 min, followed by 40 cycles of denaturation
at 94°C for 15 sec, primers annealing 66.8°C for
30 sec  and  extension  at  68°C for  19  sec.  PCR
products  were  electrophoresed  using  1.3%
Agarose gel at 110 V for 20 min. PCR products
were then visualized by UV trans-illuminator and
was  sequenced  through  Fasmac  sequencing
service, Japan.

Data analysis
Allelic  and  genotypic  frequencies  were

directly  calculated.  Hardy-Weinberg Equilibrium
(HWE) was tested using chi-square statistic (χ2) as
follows: 

χ2

=∑
i=1

k (oi−ei)
2

e i ,
where  χ2 is the Chi square value; oi the observed
value of genotype frequency, ei the expected value
of  genotype  frequency,  χ2 the  table  using  5%
significance level for HWE test. 

Heterozygosity (H) was calculated as 
follows:

H = 1 –
∑
i=1

k

p
i2 ,

where H is the value of heterozygosity and pi the
frequency of the ith of k alleles.

Sequencing  result  alignment  was  analyzed
by  Clustal  W  (Thompson  et  al.,  1994)  with
Molecular  Evolutionary  Genetics  Analysis
(MEGA6.0) (Tamura et al., 2013) to find out the
SNP within animals. Sequencing result then was
translated  into  amino  acids  form  by  standard
genetic code to identify amino acid alteration that
caused by SNP.

Linear  Mixed  Model  (LMM)  was  used  to
analyze  association  between  genotype  with
quantitative  traits  by  MIXED  procedure  in
Statistical  Analysis  System  (SAS  9.3)  (SAS
Institute Inc, 2011). The model was: 

yijkl = µ + Gi + Fj + uk + b1ɑijkl + b2ɑ2
ijkl + eijkl,

where yijkl is  the observed value of a dependent
variable  (body weight or body measurements);  µ
the overall  mean of the population; Gi the fixed
effect of ith genotype (i = 1 for GG, 2 for AG, 3
for AA); Fj the fixed effect of jth farm group (j = 1,
2, 3, 4); uk the random effect of kth animal; b1 and
b2  the linear and quadratic coefficients of partial
regression,  respectively;  lth individual
measurement, ɑijkl age in days of a covariate and
eijkl the random residual for yijkl.  Difference in the
least square means of the genotypes was tested by
the Tukey-Kramer (Tukey, 1949).

The  nonlinear  growth  models  comprised
Brody  (Brody,  1945),  Von  Bertalanffy
(Bertalanffy, 1938), Logistic (Verhulst, 1838) and
Gompertz  (Gompertz,  1825)  and  they  were
compared by describing animal growth (Table 1).
Growth  models  were  analyzed  using  Nonlinear
Mixed Model (NLMM) by NLMIXED procedure
of  SAS  9.3  (SAS  Institute  Inc,  2011).  Body
weight  or  body  measurements  as  dependent
variables  are  influenced  by  genotype  and  age.
Therefore, dummy  variables  were  created  to
assess  the  effect  of  qualitative  variables  on
dependent  variables according to the method by
Filho  et  al.  (2014).  The  NLMIXED procedure
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was  used  in  this  study  due  to  its  flexibility  in
engaging the variance covariance structure which
could  not  be identified by traditional  regression
approach. Also NLMIXED  has  ability to handle
unbalance data (Aggrey, 2009; Galeano-Vasco  et
al.,  2014).  This  procedure  can  reduce  potential
biases  despite  selective  sampling  and  supply
supplemental  parameters  that  characterize
variation between individual  animals (Craig and
Schinkel, 2001). 

The models were tested for goodness of fit
using  -2  log  likelihood,  Akaike  Information
Criterion  (AIC)  (Akaike,  1974),  Bayesian
Information Criterion (BIC) (Schwarz, 1978) and
the  residual  variances  (σ2

e).  AIC and BIC were
calculated by the following formula:

AIC = n ln 
(SSEn )

+ 2k

BIC = n ln 
(SSEn )

+ k ln (n)

where n is  the  number  of  observation;  SSE the
Sum  Square  Errors  and  k the  number  of
parameters.  Smaller  values  of  AIC,  BIC  or  σ2

e

indicate  the  best  fit  of  the  model  to  the
observations. 

RESULTS

Result  showed  that  a  total  117  bp  of  GH
gene  exon  3  encoding  38  amino  acid  sequence
were well amplified. Sequencing result revealed 5
SNPs  as  transition  mutation  in  parsimonious
form,  which  were  g1121AG  (SNP1),
g1148TC  (SNP2),  g1160AG  (SNP3),
g1170AG  (SNP4)  and  g1178CT  (SNP5).
Genotype frequencies of Kejobong goats were not
different  from  HWE, and  the  frequency  of
heterozygosity was 49% (Table 2). The estimated
allele of the  GH gene exon 3 in this study was
57%  and  43%  for  G  and  A,  respectively.
Frequencies of genotypes GG, AG and GC were
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Table 1. Growth equations used to construct the growth model 

Model FunctionA Inflection weight Inflection age

Brody y = a (1 – b exp-kt) - -

Von Bertalanffy y = a (1 – b exp-kt)3 yi = 8a/27 ti = ln(3b)/k

Logistic y = a / (1 + b exp-kt) yi = a/2 ti = ln(b)/k

Gompertz y = a exp (– b exp-kt) yi = a/exp ti = ln(b)/k

Ay, observed body weight/body measurements; a, the estimated of mature body weight/body measurements; b,
the integration constant; k, the growth rate constant; t, the animal age in day and exp, Napier’s constant the base
of natural logarithm. 

Table 2. Estimated allele and genotype frequency

Variable

Measured

Genotype Allele
H χ2

GG AG AA G A

Frequencies 0.37 0.40 0.23

0.57 0.43 0.49 1.18Observation 13 14 8

Expectation 11.43 17.14 6.43

H, Heterozygosity; χ2, Chi square value.



37%, 40% and 23%, respectively, so that G allele
and heterozygous genotype AG were predominant
in this locus. 

Test  of  significance  showed  that  the  fixed
effect  of  genotype  together  with  effect  of  farm
and linear and quadratic coefficients of age were
statistically significant (P<0.05) in BW while the
fixed effect of genotype and linear and quadratic
coefficients  of  age  were  statistically  significant
(P<0.05) in WH, and the fixed effect of genotype,
age of doe and linear and quadratic coefficients of
age were statistically significant (P<0.05) in HH.

Conversely, the fixed effect of genotype was not
significant in CD, CW, HW and HG (Table 3). 

Animals  of  genotype AG demonstrated the
highest  BW, HW and HH then it  followed with
animals  of  genotype  GG  and  AA  (Table  4).
Comparing genotypes  at  different  periods,  BW0
and BW6 in animals of genotype AG (4.35 kg and
8.40 kg) were significantly heavier (P<0.05) than
animals of genotype AA (3.40 kg and 6.59 kg),
while animals of genotype GG (3.84 kg and 6.97
kg)  showed  no  significant  difference  with
genotype  AG and AA.  However,  there  were  no
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Table 3. Significance analysis of factor affecting body weight and body measurements

Traits Effect Degree of  freedom f-value p-value
BWA Genotype 2 3.44 0.0335

Age of doe 3 1.43 0.2355
Farm 3 5.33 0.0050
Age (linear) 1 224.97 <0.0001
Age (quadratic) 1 17.98 <0.0001

WHB Genotype 2 4.14 0.0171
Age of doe 3 2.59 0.0537
Farm 3 2.27 0.1021
Age (linear) 1 238.66 <0.0001
Age (quadratic) 1 50.99 <0.0001

CDC Genotype 2 0.14 0.8677
Age of doe 3 0.54 0.6541
Farm 3 1.00 0.4081
Age (linear) 1 40.44 <0.0001

Age (quadratic) 1 10.58 0.0013
CWD Genotype 2 2.41 0.0920

Age of doe 3 2.66 0.0491
Farm 3 5.48 0.0043
Age (linear) 1 36.02 0.0001
Age (quadratic) 1 9.05 0.0029

HHE Genotype 2 4.25 0.0153
Age of doe 3 2.64 0.0499
Farm 3 1.71 0.1879
Age (linear) 1 267.39 <0.0001
Age (quadratic) 1 59.44 <0.0001

HWF Genotype 2 1.74 0.1775
Age of doe 3 0.71 0.5496
Farm 3 2.27 0.1023
Age (linear) 1 62.34 <0.0001
Age (quadratic) 1 13.53 0.0003

HGG Genotype 2 1.69 0.1873
Age of doe 3 1.62 0.1852
Farm 3 3.89 0.0192
Age (linear) 1 347.92 <0.0001
Age (quadratic) 1 70.55 <0.0001

ABody weight; BWither height; CChest depth; DChest width; EHip height; FHip width; GHeart girth.



significant  effect  of  genotype  at  BW2,  BW4,
BW8, BW10, BW12 and BW14. 

Significant difference between genotypes for
body  measurements were  observed  in  wither
height (WH6, WH10, and WH14) and hip height
(HH12  and  HH14).  Similar  to  body  weight,
animals  of  genotype  AG  had  significantly
(P<0.05) higher wither and hip heights than those
animals  of  genotype  AA,  but  there  was  no
significant  difference  between  animals  of
genotype GG with animals of genotype AG and
AA (Table 5).

Estimated  parameters  for  body  weight,
wither  height  and  hip  height  are  presented  in
Table  6,  respectively.  Growth  analysis  showed
that Von Bertalanffy model had the lowest -2 log
likelihood,  and  two  criteria AIC  and  BIC
compared  with  the  other  models  indicating  this
model as the best model for describing growth of

body weight in Kejobong goat. On the other hand,
the highest -2 log likelihood, AIC and BIC were
obtained in Logistic model. Brody model in this
study showed fit to wither height and hip height
well according to its  value  of  -2 log likelihood,
AIC and BIC, which was lower than Gompertz,
Logistic and Von Bertalanffy model. 

Von  Bertalanffy  model  fitted  best  to  body
weight,  estimated 23.01 kg mature body weight
(a),  0.39  integration  constant  (b)  and  0.01389
growth  rate  (k).  The  best  estimated  for  wither
height and hip height by Brody model were 54.65
cm and 58.91 cm for parameter a; 0.37 and 0.36
for  parameter  b;  0.01577  and  0.01647  for
parameter k. In this study, the estimated parameter
b for body weight,  wither height and hip height
were 0.39, 0.37 and 0.36 respectively. 

Furthermore, estimated parameter k of body
weight  in  Von  Bertalanffy  model  was  0.01389.
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Table 4. Average of body weight and body measurements

Traits
Genotype

GG AG AA
Body weight (BW)
BW0 3.75±0.76 4.26±1.02 3.51±1.06
BW2 4.91±0.75 5.39±1.20 4.87±1.20
BW4 6.12±0.89 6.57±1.38 5.84±1.95
BW6 7.39±1.01 7.91±1.63 6.74±2.15
BW8 8.24±1.14 8.87±1.89 7.85±2.62
BW10 9.07±1.21 9.72±2.26 8.64±2.89
BW12 9.87±1.33 10.52±2.56 9.19±3.08
BW14 10.64±1.49 11.36±2.78 9.80±3.10
Wither height (WH)
WH0 33.93±3.21 35.08±2.49 31.69±4.63
WH2 37.85±2.84 37.72±4.45 36.63±2.92
WH4 40.63±2.55 40.57±4.12 39.33±4.43
WH6 42.34±2.30 43.28±2.48 40.77±5.35
WH8 44.29±2.40 45.09±3.30 42.51±4.88
WH10 45.42±1.85 45.65±3.47 42.85±5.24
WH12 46.35±2.52 47.54±3.29 44.49±4.88
WH14 47.61±2.67 49.06±3.07 45.39±4.98
Hip height (HH)
HH0 36.57±3.19 37.60±3.40 34.23±4.73
HH2 40.09±3.30 40.78±2.55 38.34±3.55
HH4 42.89±2.85 43.56±3.67 42.00±4.72
HH6 44.84±2.68 46.39±2.52 43.92±5.37
HH8 46.63±3.01 47.67±3.12 45.39±5.02
HH10 48.01±2.00 48.33±2.91 46.03±5.62
HH12 48.99±2.41 50.56±3.08 45.96±4.76
HH14 50.55±2.57 52.15±2.99 47.82±5.75



Negative  correlation  was  found  between
parameter k and parameter a (Table 7). This result
was confirmed by the fact  that  Brody model  in
this study had the slowest parameter k (0.006948)
in body weight,  yet it  had the highest estimated
parameter  a  (25.29  kg)  among  the  others.
Similarly, the highest parameter k in wither height
(0.2606) and hip height (0.02341) had the lowest
estimated  parameter  a  (50.78  cm,  56.26  cm)  in
Von Bertalanffy and Logistic models respectively.

Representing  variability  among  individual
animals,  estimated  animal  variance  (σ2

u)  of  the
body weight in this study was 5.78. The higher the
variance,  the  greater  the  difference  is  realized
among animals.  Furthermore,  residual  variance
(σ2

e) of the body weight in this study was 0.31 that
indicated  the  gap  between  predicted  value  and
observed value. Repeatability of body weight by
intra-class correlation was 0.95 this study. 

DISCUSSION

SNP2 of this study was also found in a report
analyzing  GH gene  of  Chinese goat  (An  et  al.,
2010). Among five SNPs in this study, translation
result showed SNP4 causing amino acid alteration
which changes amino acid sequence in  GH gene
exon  3.  SNP4  as  non-synonymous  mutation
changed the first triplet codon of AGC encoding
Serin to GGC encoding Glycine (Figure 1) and we
used  it  to  distinguished  as  GG,  AG  and  AA
genotypes,  whereas  the  other  SNPs  were  silent
mutation  (SNP1  CAG>CAA(Gln);  SNP2
TCT>TCC(Ser);  SNP3  CCA>CCG(Pro);  SNP5
AAC>AAT(Asn)).  According to Nei and Kumar
(2000),  most  of  synonymous  amino  acid  was
found  due  to  substitution  of  nucleotides  in  the
third codon,  while substitution of nucleotides in
the  first  and  second  codon  generate  non-
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Table 5. Estimated genotypic effect for body weight and body measurements for each measurement

Traits
Genotypes

GG AG AA
Body weight (BW)
BW0 3.84±0.22AB 4.35±0.20A 3.40±0.27B

BW2 4.84±0.28 5.67±0.26 4.82±0.36
BW4 5.87±0.37 6.97±0.34 5.75±0.46
BW6 6.97±0.43AB 8.40±0.40A 6.59±0.55B

BW8 7.80±0.52 9.43±0.47 7.71±0.66
BW10 8.57±0.59 10.35±0.54 8.54±0.75
BW12 9.29±0.65 11.17±0.60 9.17±0.84
BW14 10.03±0.69 12.03±0.63 9.71±0.88
Wither height (WH)
WH0 34.27±0.94 35.03±0.87 32.64±1.20
WH2 37.38±1.18 38.41±1.08 36.03±1.51
WH4 39.89±1.07 41.44±0.98 39.08±1.37
WH6 41.88±0.90AB 44.25±0.83A 40.45±1.16B

WH8 43.41±1.04 46.15±0.95 42.14±1.33
WH10 44.15±1.01AB 46.83±0.93A 42.33±1.29B

WH12 45.59±1.03 48.53±0.95 44.34±1.32
WH14 46.69±1.04AB 49.95±0.95A 45.29±1.33B

Hip height (HH)
HH0 36.95±1.01 37.71±0.93 34.59±1.30
HH2 36.95±1.01 41.11±0.89 38.16±1.23
HH4 42.61±1.12 43.85±1.03 42.02±1.43
HH6 44.55±1.03 47.21±0.94 43.87±1.32
HH8 45.57±1.14 48.65±1.05 44.96±1.46
HH10 46.94±1.00 49.31±0.96 45.48±1.28
HH12 48.58±1.05AB 51.28±0.97A 45.82±1.35B

HH14 49.59±1.09AB 53.08±1.00A 47.57±1.39B

A,B In the same row, values with different superscripts are significantly different (P<0.05).  
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Table 6. Estimated parameters of growth and goodness of fit for four different growth models

Parameter
Model

Brody Von Bertalanffy Logistic Gompertz
Body weight

a 25.29±1.01 23.01±0.47 21.65±0.30 22.48±0.39
b 0.83±0.01 0.39±0.01 2.56±0.07 1.42±0.03
k 0.006948±0.00101

9
0.01389±0.00109

7
0.0277±0.001309 0.01735±0.00114

3
yi - 6.82 10.83 8.27
ti - 11.75 33.93 20.10

σ2
u 9.08±2.67 5.78±1.48 4.17±1.03 5.13±1.29

σ2
e 0.32±0.03 0.31±0.03 0.32±0.03 0.31±0.03

GG -3.6±0.79 -4.2±0.59 -4.64±0.49 -4.37±0.55
AG -2.01±0.85 -3.03±0.061 -3.63±0.50 -3.26±0.56
AA -4.53±0.95 -5.06±0.75 -5.3±0.63 -5.18±0.70

-2 Log
Likehood

606.6 605.8 609.5 606.1

AIC 630.6 629.8 633.5 630.1
BIC 649.6 648.8 652.5 649.1

Wither height
a 54.65±0.94 50.78±0.31 53.59±0.71 55.54±0.81
b 0.37±0.01 1.96±0.08 0.53±0.02 0.44±0.01
k 0.01577±0.002084 0.2606±0.01207 0.02292±0.00226

8
0.01934±0.00217

1
σ2

u 9.93±2.56 0.0014±0.5954 9.39±2.40 9.62±2.47
σ2

e 3.95±0.36 29.44±1.63 3.97±0.36 3.96±0.36
GG -3.3±0.82 -6.82±0.50 -3.67±0.77 -5.02±0.79
AG -2.76±0.81 -6.78±0.47 -3.14±0.76 -4.48±0.78
AA -5.59±0.92 -11.91±0.64 -5.90±0.88 -7.27±0.90

-2 Log
Likehood

1274.3 2217.3 1276.0 1275.1

AIC 1290.9 2233.3 1292.0 1291.1
BIC 1303.0 2246.0 1304.6 1303.8

Hip height
a 58.91±0.72 57.73±0.73 56.26±0.56 56.61±0.62
b 0.36±0.01 0.13±0.01 0.50±0.01 0.42±0.01
k 0.01647±0.002009 0.01839±0.00211

2
0.02341±0.00218

7
0.01994±0.00209

2
σ2

u 8.40±2.20 12.99±0.64 7.91±2.04 8.09±2.10
σ2

e 3.72±0.34 3.71±0.33 3.75±0.34 3.73±0.34
GG -2.24±0.77 -2.12±0.94 -1.56±0.73 -1.44±0.75
AG -0.60±0.78 -0.81±0.93 0.12±0.74 0.25±0.75
AA -4.55±0.89 -4.63±1.08 -3.60±0.86 -3.50±0.87

-2 Log
Likehood

1254.6 1258.2 1256.5 1255.4

AIC 1278.6 1282.2 1280.5 1279.4
BIC 1297.6 1301.2 1299.5 1298.4

a, the estimated of mature body weight/body measurements; b, the integration constant; k, the growth rate
constant; yi, body weight (kg) at the point at inflection; t i, age (weeks) at the point at inflection; σ2

u; additive
genetic variance; σ2

e, error variance; AIC, akaike information criterion; BIC, bayesian information criterion.



synonymous  amino  acid.  Therefore,  non-
synonimous  mutation  that  change  amino  acid
sequence in exon region may change  the peptide
sequence of the encoded protein and influence the
function  of  the  protein,  which  was  growth
hormone  in  this  study.  This  hormone  has
substantial  metabolic effects on somatic growth,
stimulation  of  protein  synthesis  and  cellular
uptake of amino acids and development of body
composition (Hjortebjerg et al., 2017).

Result in this study agreed with a result by
Dayal et  al. (2016), in which goats  with
heterozygous genotype AC had the heaviest
body weight among five observed genotypes in
Black Bengal goat. Gorlov  et al. (2017) reported
their  study in  Salsk sheep that sheep with AB
genotype significantly had heavier body weight,
average daily gain and carcass weight than sheep

with AA genotype. A contradictory result was
reported by  An  et  al.  (2011)  that  goats  with
homozygous  genotype  AA  significantly  had
higher body weight than those of heterozygous
genotype AB at age of one and three months old
in Chinese goat, however, wither height showed
no significant difference. The different  results
seem to be due to genetic difference that leads to
different structure of GH gene  and  limited
number of observations. Therefore, further study
is necessary to validate the predominant effect of
heterozygote of GH gene with a larger number of
animals and more sampled observations.

The best model for describing growth of
body weight in this study was different with previous
study by Kheirabadi and Rashidi (2019), reported
that Logistic model fitted worst to body weight,
while Brody model fitted most accurately to body
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Table 7. Correlation among growth parameter within traits based on their best model  

Growth Parameter
Mature weight (a)

BWA WHB HHC

Integration constant (b) 0.5564 0.7038 0.6652
Growth rate (k) -0.7833 -0.8755 -0.8636

 ABody weight; BWither height; CHip height

Figure 1. Amino acid alteration caused by SNP g1170A



weight of Markhoz goat. In this study, estimated
mature  body weight  (a)  was 23.01 kg implying
that  Kejobong  goat  had  heavier  mature  body
weight  than  Raeini  Cashmere  goat  (17.97  kg)
(Ghiasi et al., 2018) and Nondescipt goat (6.42 to
10.55  kg)  (Raji  et  al.,  2015)  but  lighter  body
weight than Beetal goat (23.39 kg) (Waheed et al.,
2011). Those  values  of  parameter  b  for  body
weight, wither height and hip height in this study
were  described  to  represent  the  proportion  of
mature weight  attained after  birth, calculated by
the  initial  weight  and  age  value  (Lupi  et  al.,
2016).  On  the  other  hand,  Ghiasi  et  al.  (2018)
stated that  parameter b is a scale parameter that
has  no  biological  interpretation.  Waheed  et  al.
(2011)  reported  higher  estimated  values  of
parameter  k  (0.1077)  in  Beetal  goat  by  Brody
model. Other researchers estimated parameter k as
much as  0.017 in Cashmere goat  (Ghiasi  et  al.
2018) and 0.0108 in Repartida goat (Pires  et al.,
2017)  by  applying  Gompertz  model,  so  that
Kejobong goat in this study is considered to attain
mature  weight  later  than  Beetal  and  Cashmere
goats but earlier than Repartida goat.

Negative  correlation  between  parameter  k
and parameter a indicated the slower growth rate,
the  larger  mature  weight,  vice  versa.  Previous
studies  supported  this  results.  Kurnianto  et  al.
(1998) reported that animals with slower growth
rate tended to have estimated heavy body weight
at  maturity.  Brown  et  al.  (1976)  stated  that
selection  for  increasing  growth  rate  tended to
decrease  mature  weight,  yet  its  antagonistic
association could be minimized by cross-breeding
and  improving  feed  quality.  On  other  hand,
previous  study  by  Ghiasi  et  al. (2018)  showed
lower animal variance (1.29) and higher residual
variance  (8.01)  on  growth  analysis  of  Raeni
Cashmere  goat  using  Gompertz  model  than  the
present study. Repeatability of body weight in this
study was higher than repeatability value of South
African Angora goat (Snyman and Olivier, 1999)
and Boerawa goat (Beyleto et al., 2010). The high
repeatability in this study may be resulted by the
fact that systematic factors affecting body weight
were fitted  as  many as  possible  in  NLMM and
that earlier body weight was a component of latter
body weight. 

The NLMIXED procedure used in this
study has  flexibility  in  engaging  the  variance
covariance structure which could not be identified
by  traditional regression approach. Also
NLMIXED has ability to handle unbalance data
(Aggrey, 2009; Galeano-Vasco et al., 2014). This

procedure  can  reduce  potential biases  despite
selective sampling and supply supplemental
parameters that characterize variation  between
individual animals (Craig and Schinkel, 2001).
Therefore, this procedure can  facilitate growth
analysis by including genotype information and
estimates accurately the  growth  performance  of
Kejobong goats.

CONCLUSION

SNP g1170AG in  GH gene is  associated
with  growth  traits  and  can  be  used  as  genetic
marker  for  animal  selection  to  improve  goat’s
growth performance. Animals with heterozygous
genotype AG showed higher growth performance
than  homozygous  genotype  AA.  Nonetheless,
animals with homozygous genotype GG showed
no difference with either heterozygous genotype
AG or  homozygous  genotype  AA.  Model  (y  =
23.01 (1 – 0.39 e–0.01389age)3) by Von Bertalanffy, y
= 54.65 (1 – 0.37 e–0.01577age) and y = 58.91 (1 –
0.36  e–0.01647age)  by  Brody  were  fitted  well  to
describe  body  weight,  wither  height  and  hip
height of Kejobong goat, respectively. 

REFERENCES

Abbasi,  M.,  R.  Abdollahi-Arpanahi,  A.
Maghsoudi, R. V. Torshizi and A. Nejati-
Javaremi. 2012. Evaluation of models for
estimation  of  genetic  parameters  and
maternal effects for early growth traits of
Iranian Baluchi sheep. Small Rumin. Res.
104: 62-69. 

Aggrey,  S.  E.  2009.  Logistic  nonlinear  mixed
model for estimating growth parameters.
Poult. Sci. 88: 276-280.

Akaike,  H.  1974.  A new look  at  the  statistical
model  identification.  IEEE  Transactions
on Automatic Control 19: 716-723.

An, X. P.,  J.  X.  Hou, L. X. Wang, G. Li,  J.  G.
Wang, Y. X. Song, G. Q. Zhou, D. Han,
L.  Ling  and  B.  Y.  Cao.  2010.  Novel
polymorphisms of growth hormone gene
and  their  effect  on  growth  traits  in
Chinese goats. Meat Sci. 86: 758-763. 

An, X. P.,  L. X. Wang, J. X. Hou, G. Li,  Y. X.
Song, J. G. Wang, M. M. Yang, Y. H. Cui,
and B. Cao. 2011. Novel polymorphisms
of  goat  growth  hormone  and  growth
hormone receptor genes and their effects
on  growth  traits.  Mol.  Biol.  Report  38:
4037-4043. 

133 J.Indonesian Trop.Anim.Agric. 46(2):124-136, June 2021



Aqsha, G. E., E. Purbowati and A. N. Al-Baari, A.
N.  2011.  Komposisi  kimia  daging
kambing Kacang, Peranakan Etawah dan
Kejobong  jantan  pada  umur  satu  tahun.
Workshop  Nasional  diversifikasi  pangan
daging ruminansia kecil. p: 105-109.

Baranzadeh,  A.,  S.  M. Moghbeli,  M. Vatankhah
and  M.  Mohammadabadi.  2011.
Estimating  non-genetic  and  genetic
parameter of pre-weaning growth traits in
Raini Cashmere goat. Trop. Anim. Health
Prod. 44: 811-817. 

Bertalanffy, L. V. 1938. A quantitative theory of
organic growth (Inquiries on growth laws.
II). Hum. Biol. 10: 181-213.

Beyleto, V. Y., S. Sumadi and T. Hartatik. 2010.
Estimasi  parameter  genetik  sifat
pertumbuhan  kambing  Boerawa  di
Kabupaten  Tanggamus  Propinsi
Lampung.  Buletin  Peternakan  34:  138-
144. 

Brody,  S.  1945.  Bioenergetics  and growth;  with
special  reference  to  the  efficiency
complex  in  domestic  animals.  Reinhold
Publishing Corporation, New York.

Brown, J. E., H. A. Fitzhugh and T. C. Cartwright.
1976. A comparison of nonlinear models
for describing weight-age relationships in
cattle. J. Anim. Sci. 42: 810-818. 

Craig, B. A. and A. P. Schinckel. 2001. Nonlinear
mixed  effects  model  for  swine  growth.
The  Professional  Animal  Scientist, 17:
256-260. 

Dayal,  S.,  R.  Kumari,  A.  Dey  and  B.  Kumar.
2016.  PCR-SSCP  of  growth  hormone
gene and its association with body weight
in Black Bengal goat. Indian J. Anim. Sci.
86: 1283-1286.

Febriana, A., S. Sutopo and E. Kurnianto. 2017.
Identification  of  BMP15  exon  2  for
fecundity  traits  by  PCR-RFLP  and
nucleotide sequences in Kejobong goat. J.
Indo. Trop. Anim. Agric. 42: 220-226.

Filho, R., L. O. Tedeschi, M. T. Rodrigues, L. F.
Brito and T. S. Oliveira. 2014. Comparing
of  growth  curves  of  two  genotypes  of
dairy  goats  using  nonlinear  mixed
models. J. Agric. Sci., 152: 829-842. 

Galeano-Vasco, L. F., M. F. Ceron-Munoz and W.
Narvaez-Solarte.  2014.  Ability  of  non-
linear mixed models to predict growth in
laying  hens.  Revista  Brasileira  de
Zootecnia, 43: 573-578. 

Ge, W., M. E. Davis, H. C. Hines, K. M. Irvin and

R.  C.  Simmen.  2003.  Association  of
single  nucleotide  polymorphism  in  the
growth  hormone  and  growth  hormone
receptor genes with blood serum insulin-
like  growth  factor  I  concentration  and
growth  traits  in  Angus  cattle.  J.  Anim.
Sci. 81: 641-648. 

Ghiasi, H., T. M. Lupi and M. S. Mokhtari. 2018.
The estimation of genetic parameters for
growth  curve  traits  in  Raeini  Cashmere
goat described by Gompertz model. Small
Rumin. Res. 165: 66-70. 

Gompertz, B. 1825. On the nature of the function
expressive of the law of human mortality
and on  a  new mode  of  determining  the
value of life contingencies. Philosophical
Transactions 115: 513-585. 

Gorlov, I. F., Y. A. Kolosov, N. V. Shirokova, L. V.
Getmantseva,  M.  I.  Slozhenkina,   N.  I.
Mosolova, N. F. Bakoev, M. A. Leonova,
A. Y. Kolosov and E.  Y. Zlobina.  2017.
Association of the growth hormone gene
polymorphism with growth traits in Salsk
sheep  breed,  M.  F.  Cezar,   M.  G.  G.
Cunha and J. M. P. Filho. 2013. Effect of
frame  size  of  performance  and  carcass
traits  of  Santa  Ines  lambs  finished  in  a
feedlot.  Revista  brasileira  de  zootecnia,
42: 284-290. 

Kheirabadi,  K. and A. Rashidi.  2019. Modelling
and genetic  evaluation  of  Markhoz goat
growth  curve  parameters.  Small  Rumin.
Res. 170: 43-50. 

Kurnianto,  E.,  A.  Shinjo  and  D.   Suga.  1998.
Analysis  of  growth  in  Intersubspecific
crossing of Mice using Gompertz model.
Asian-Australasian J. Anim. Sci. 11: 84-
88. 

Kurnianto,  E.,  S.  Sutopo  and  E.  Purbowati.
Penampilan  fenotipik  dan  genotipik
kambing  Kejobong.  Badan  Penerbit
Universitas Diponegoro, Semarang.

Kurnianto,  E.,  S.  Sutopo,  E.  Purbowati,  E.  T.
Setiatin,  D.  Samsudewa  and  T.
Permatasari.  2013.  Multivariate  analysis
of morphological  traits  of  local  goats in
Central  Java,  Indonesia.  Iranian J.  Appl.
Anim. Sci. 3: 361-367.

Lestari,  D.  A.,  E.  Purbowati,  S.  Sutopo  and  E.
Kurnianto.  2018A.  Amino acid  sequence
based on Cytochrome b gene in Kejobong
goat and its genetic relationships among
several local goats in Asia. Vet. World 11:
1196-1202. 

GH gene and growth model analysis on goat  (Sutopo  et al.) 134



Lestari,  D.  A.,  E.  Purbowati,  S.  Sutopo,  and E.
Kurnianto.  2018B.  Phylogenetic
relationship between Kejobong goat  and
other  goats  based  on  Mt-DNA  D-loop
sequence analysis. Trop. Anim. Sci. J. 41:
85-93. 

Lupi, T. M., J. M. Leon, S. Nogales, C. Barba and
J.  V. Delgado.  2016.  Genetic parameters
of traits associated with the growth curve
in Segurena sheep. Anim. 10: 729-735. 

Mahrous,  K.  F.,  S.  H.  Abdel-Aziem,  M.  A.  M.
Abdel-Hafez, M. Abdel-Mordy and H. E.
Rushidi,  H.  E.  2018.  Polymorphism  of
growth hormone gene in three goat breed
in Egypt. Bull. Nat. Res. Center, 42: 1-7.

Moghbeli,  A. M., A. Baranzadeh,  M. Vatankhah
and M. Mohammadabadi. 2013. Genetics
and  non-genetics  parameters  of  body
weight  for  post-weaning  traits  in  Raini
Cashmere  goats.  Trop.  Anim.  Health
Prod. 45: 1519-1524.

Nei, M. and S. Kumar. 2000. Molecular evolution
and  phylogenetics.  Oxford  University
Press, New York.

Othman,  O.  E.,  S.  S.  Alam,  H.  A.  M.  Abd-El-
Kader and O. M. Abd-El-Moneim. 2015
Genotyping  of  growth  hormone  gene  in
Egyptian  small  ruminant  breeds.
Biotechnol. 14: 136-141. 

Pires, L. C., T. M. M. Machado, P. L. S. Carneiro,
J. B. L.  da Silva,  A. D. H. Barbosa and
R.  A.  Torres.  2017.  Growth  curve  of
Repartida  goats  reared  in  the  Caatinga
region.  Semina:  Ciencias  Agrarias,  38:
1041-1050. 

Raji, A. O., L. G. Asheikh and I. D. Mohammed.
2015. Comparison of growth of male and
female  kids  of  Nondescript  goats  in  a
semi-arid  region  of  Nigeria.  Iranian  J.
Appl. Anim. Sci. 5: 115-120.

Ripoll,  G.,  P.  Alberti,  J.  Alvarez-Rodriguez,  I.
Blasco  and  A.  Sanz.  2016.  Body  size,
carcass  and  meat  quality  of  three
commercial beef categories of Serrana de
Teruel breed. Spanish J. Agric. Res. 14: 1-
13. 

Rout, P. K., O. Matika, R. Kaushik, M. S. Dige,
G.  Dass,  M.  K.  Singh  and  S.  Bhusan.
2018.  Genetic  analysis  of  growth
parameters  and  survival  potential  of
Jamunapari  goats  in  semiarid  tropics.
Small Rumin. Res. 165: 124-130.

Sadeghi, S. A. T., M. Rokouei, M. V. Valleh, M.
A.  Abbasi  and  H.  Faraji-Arough.  2019.

Estimating  of  additive  and  non-additive
genetic  variance  component  for  growth
traits in Adani goats. Trop. Anim. Health
Prod. 52: 733-742.

Sas Institute Inc. 2011.  SAS 9.3 system options:
reference, 2nd Ed. Cary, USA.

Schwarz, G. 1978. Estimating the dimension of a
model.  The Annals of Statistics, 6:  461-
464.

Seevagan, M., V. Jeichitra, R. Rajendran and K.
G.  Tirumurugaan.  2015.  Detection  of
lethal  SNP (A781G) in growth hormone
(GH) gene of Indian sheep. Small Rumin.
Res. 126: 13-15. 

Setiaji,  A.,  S.  Sutopo  and  E.  Kurnianto.  2013.
Growth analysis in rabbit using Gompertz
non-linear  model.  J.  Indo.  Trop.  Anim.
Agric. 38: 92-97.

Singh,  P.  P.,  S.  S.  Tomar,  M. S.  Thakur and A.
Kumar.  2015.  Polymorphism  and
association of growth hormone gene with
growth traits in Sirohi and Barbari breeds
of goat. Vet. World, 8: 382-387. 

Snyman,  M.  A.  and  J.  J.  Olivier.  1999.
Repeatability and heritability of objective
and  subjective  fleece  traits  and  body
weight  in  South  African  Angora  goats.
Small Rumin. Res. 34: 103-109.

Tamura, K.,  G. Stecher, D. Peterson, A. Filipski
and S. Kumar. 2013. MEGA6: Molecular
evolutionary  genetics  analysis  version
6.0. Mol. Biol. Evol. 30: 2725-2729. 

Thompson, J. D., D. G. Higgins and T. J. Gibson.
1994.  CLUSTAL  W:  Improving  the
sensitivity  of  progressive  multiple
sequence  alignment  through  sequence
weighting, position-specific gap penalties
and weight matrix choice.  Nucleic Acids
Research 22: 4673-4680.

Tukey, J. W. 1949. Comparing individual means
in the analysis of variance. Intl.  Biomet.
Soc. 5: 99-114.

 Verhulst,  P.  F.  1838.  Notice  sur  la  loi  que  la
population  poursuit  dans  son
accroissement.  Correspond.  Math.
Physics 10: 113-121. 

Waheed, A., M. S. Khan, S. Ali and M. Sarwar.
2011.  Estimation  of  growth  curve
parameters  in  Beetal  goats.  Archiv
Tierzucht 54: 287-296. 

Wickramaratne,  S.  G.  H.,  B.  R.  Ulmek,  S.  P.
Dixit,  S.  Kumar  and  M.  K.  Vyas.  2010
Use  of  growth  hormone  gene
polymorphism  in  selecting  Osmanabadi

135 J.Indonesian Trop.Anim.Agric. 46(2):124-136, June 2021



and Sangamneri goats. Trop. Agric. Res.
21: 398-411.

Zadeh, N. G. H. 2015. Modeling the growth curve
of  Iranian  Shall  sheep  using  non-linear
growth models. Small Rumin. Res.  130:
60-66. 

Zadeh, N. G. H. and A. Gorbani. 2018. Modelling
the  growth  curves  for  body  weight  and
some  biometric  traits  in  Caspian  horses
(Equus  ferus  caballus)  using  non-linear
mixed models. Small Rumin. Res. 93: 5-
12.

GH gene and growth model analysis on goat  (Sutopo  et al.) 136



1. The current publishing charge as written in (Guide for Authors sub C.c.2.) is 
IDR 1,500,000.00 

2. Excess page charge = 5 x IDR 50,000.00 = IDR 250,000.00 

3. Colour printing charge = 1 x IDR 600,000.00 = IDR 600,000.00 

Total charge 90% = IDR 2,115,000.00 (10% off for UNDIP’s staff) 
In cashier cheque or international money order payable to: Titik Ekowati 
Bank Name : BNI Bank 
Account Number : 0177702361 
Swift Code : BNINIDJAXXX 

 

 

 

PISSN 2087-8273; 

eISSN 2460-6278 

 
Indexed by: 

Scopus 

 
Accredited: 

No. 60/E/KPT/2016 

 
Editorial Address : 

Faculty of Animal and 
Agricultural Sciences, 

Diponegoro University, 
Tembalang Campus, 

Semarang 50275, 
INDONESIA 

 
Phone/Fax : 
024-7474750 

 

E-mail : 
jppt.fpundip@gmail.com 

 

Web site: 
http://ejournal.undip.ac.id/ 

index.php/jitaa 

Article processing charge for article entitled: 
Appropriate growth models to describe early growth of Kejobong goat 

based on Growth Hormone (GH) gene sequence analysis 

 

 
 

Dear Dr. Sutopo 

 
Department of Animal Science, Faculty of Animal and Agricultural 

Sciences, Diponegoro University, Semarang, Central Java, 

Indonesia  

 

 
 

The Editorial board of JITAA decide that your manuscript is scheduled to be 
published in Vol. 46 No.2 (June 2021 issue). Please complete your proof and 
payment by May 31, 2021. Detail of page charge as follow: 

 

 
Please confirm your payment confirmation receipt to Editorial board of JITAA by 
email. Thank you for your cooperation. 

 
 
 
 
 
 

 
Sincerely, 

 
 
 
 
 
 

Prfo. Dr. Ir. Edy Kurnianto, MS. MAgr. 

Editor-in-Chief 

mailto:jppt.fpundip@gmail.com
http://ejournal.undip.ac.id/


dr sutopo <drsutopo36@gmail.com>

[JITAA] Proofreading Request (Author)
4 messages

Mr. JITAA UNDIP <jitaa.undip@gmail.com> Tue, May 25, 2021 at 1:26 PM
Reply-To: "Mr. JITAA UNDIP" <jitaa.undip@gmail.com>
To: "Dr. Sutopo Sutopo" <drsutopo36@gmail.com>, Dela Ayu Lestari <delaayulestari@ymail.com>, Endang Purbowati <purbowati@hotmail.com>, Asep
Setiaji <asepsetiaji93@gmail.com>, Edy Kurnianto <kurniantoedy17@gmail.com>

Dr. Sutopo Sutopo:

Your submission "Appropriate Growth Models to Describe Early Growth of Kejobong Goat Based on Growth Hormone (GH) Gene Sequence
Analysis" to Journal of the Indonesian Tropical Animal Agriculture now needs to be proofread by folllowing these steps.
1. Click on the Submission URL below.
2. Log into the journal and view PROOFING INSTRUCTIONS
3. Click on VIEW PROOF in Layout and proof the galley in the one or more formats used.
4. Enter corrections (typographical and format) in Proofreading Corrections.
5. Save and email corrections to Layout Editor and Proofreader.
6. Send the COMPLETE email to the editor.

Submission URL: https://ejournal.undip.ac.id/index.php/jitaa/author/submissionEditing/35852
Username: ssutopo

Asep Setiaji Ph.D.
Faculty of Animal and Agricultural Sciences, Diponegoro University
jitaa.undip@gmail.com
________________________________________________________________________
Journal of the Indonesian Tropical Animal Agriculture
http://ejournal.undip.ac.id/index.php/jitaa

2 attachments

04 SUTOPO-adm.pdf
281K

04.Sutopo-proofsheet-1.pdf
346K

dr sutopo <drsutopo36@gmail.com> Tue, May 25, 2021 at 9:48 PM
To: delaayulestari@ymail.com

[Quoted text hidden]

2 attachments

04 SUTOPO-adm.pdf
281K

04.Sutopo-proofsheet-1.pdf
346K

dela ayu lestari <delaayulestari@ymail.com> Fri, May 28, 2021 at 2:16 PM
Reply-To: dela ayu lestari <delaayulestari@ymail.com>
To: "Mr. JITAA UNDIP" <jitaa.undip@gmail.com>
Cc: Dr Sutopo <drsutopo36@gmail.com>, Edy Kurnianto <kurniantoedy17@gmail.com>, Asep Setiaji <asepsetiaji93@gmail.com>

Dear Editor of JITAA

Hereby, we enclosed proofsheet of our manuscript and proof of payment.
We look forward for your feedback

Thank You

Best Regards,

Dela Ayu Lestari

Gmail - [JITAA] Proofreading Request (Author) https://mail.google.com/mail/u/0/?ik=101bad11a9&view=pt&search=a...

1 of 2 02/01/2023, 21:11

https://ejournal.undip.ac.id/index.php/jitaa/author/submissionEditing/35852
https://ejournal.undip.ac.id/index.php/jitaa/author/submissionEditing/35852
https://ejournal.undip.ac.id/index.php/jitaa/author/submissionEditing/35852
https://ejournal.undip.ac.id/index.php/jitaa/author/submissionEditing/35852
mailto:jitaa.undip@gmail.com
mailto:jitaa.undip@gmail.com
http://ejournal.undip.ac.id/index.php/jitaa
http://ejournal.undip.ac.id/index.php/jitaa
http://ejournal.undip.ac.id/index.php/jitaa
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a2342e2165126&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a2342e2165126&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a2342e2165126&attid=0.2&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a2342e2165126&attid=0.2&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a3ffe797f128a&attid=0.1&disp=attd&realattid=179a3ffa80528cd19991&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a3ffe797f128a&attid=0.1&disp=attd&realattid=179a3ffa80528cd19991&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a3ffe797f128a&attid=0.2&disp=attd&realattid=179a3ffa8058dc4348a2&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179a3ffe797f128a&attid=0.2&disp=attd&realattid=179a3ffa8058dc4348a2&safe=1&zw


[Quoted text hidden]

2 attachments

WhatsApp Image 2021-05-28 at 11.13.25.jpeg
55K

PROOFSHEET GH gene Sutopo et al.docx
13K

dr sutopo <drsutopo36@gmail.com> Fri, May 28, 2021 at 3:34 PM
To: delaayulestari@ymail.com

[Quoted text hidden]

2 attachments

WhatsApp Image 2021-05-28 at 11.13.25.jpeg
55K

PROOFSHEET GH gene Sutopo et al.docx
13K

Gmail - [JITAA] Proofreading Request (Author) https://mail.google.com/mail/u/0/?ik=101bad11a9&view=pt&search=a...

2 of 2 02/01/2023, 21:11

https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b1d4dc85fb6dd&attid=0.2&disp=inline&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b1d4dc85fb6dd&attid=0.2&disp=inline&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b1d4dc85fb6dd&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b1d4dc85fb6dd&attid=0.1&disp=attd&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b21c2fd6b91a4&attid=0.2&disp=inline&realattid=179b21c0226cb5589f72&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b21c2fd6b91a4&attid=0.2&disp=inline&realattid=179b21c0226cb5589f72&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b21c2fd6b91a4&attid=0.1&disp=attd&realattid=179b21c0226eb40dba51&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=101bad11a9&view=att&th=179b21c2fd6b91a4&attid=0.1&disp=attd&realattid=179b21c0226eb40dba51&safe=1&zw


PROOFSHEET  

APPROPRIATE GROWTH MODELS TO DESCRIBE EARLY GROWTH OF KEJOBONG GOAT 

BASED ON GROWTH HORMONE (GH) GENE SEQUENCE ANALYSIS by SUTOPO ET AL 2021 

No Page Section Column Paragraph Written Correction 

1 125 Introduction 2 2 Therefore, objective of 

this study was to reveal to 

reveal appropriate growth 

models... 

Therefore, objective of 

this study was to reveal 

appropriate growth 

models… 

2 127 Results - - Table in Table 1 using 2 

space 

Change into 1 space 

3 127 Result - - Table in Table 2 using 2 

space 

Change into 1 space 

 


	Bukti korespondensi Appropiate growth model_Jitaa_sutopo_final_2 Januari 2023.pdf
	1a. BUKTI KORESPONDENSI JITAA_appropiate growth model.pdf
	1b. [JITAA] Submission Acknowledgement_appropiate growth model_16Januari 2021.pdf
	2a. [JITAA] manuscript_ appropiate growth model_ada 3 lampiran_1 Pebruari 2021.pdf
	2aa. 35852-JITAA-Reviewer 1(1)_appropiate growth model_1 pebruari 2021.pdf
	2aaa. 35852-JITAA_reviewer 2(1)_appropiate growth model_1 Pebruari 2021.pdf
	2aaaa. Form 9. REVIEW COMMENT_ JITAA-reviewer 1-1_appropiate growth model_ 1 Pebruari 2021.pdf
	3 [JITAA] [ID-35852] Revised Version Acknowledgement_appropriate growth model_19 Pebruari 2021.pdf
	3. 35852-110755-2-ED_jawaban author utk reviewer_19 Pebruari 2021.pdf
	3a. 35852-107423-2-RV_revised manuscript1_ appropiate growth model_19 pebruari 2021.pdf
	3b. #35852 Review diambil dari sistem OJS jitaa_appropiate growth model_19 pebruari 2021.pdf
	4. [JITAA] Editor Decision_appropiate growth model_21 mei 2021.pdf
	4a. Proofreading Request and Payment_appropiate growth model_25 Mei 2021.pdf
	4b. proofsheet_appropiate growth model_25 Mei 2021.pdf
	4c. invoice_appropiate growth model_25Mei 2021.pdf
	Dear Dr. Sutopo

	5. [JITAA] Proofreading Request (Author) include closed payment pada 28 mei 2021_25 Mei2021.pdf

	PROOFSHEET approipate  model  GH gene Sutopo et al_28 Mei2021.pdf

