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Abstract

:

Simple Summary


It is economically significant to perform early selection of breeding goats. Given that the effect of genetic and environmental factors on growth can be estimated more accurately, estimation of adult body weight is viable, and rapid genetic progress can be achieved in the herd through the application of selection in this manner. Thus, profitability can be increased in goat breeding. Additionally, genetic and maternal influences on pre-weaning growth traits are important in identifying variation between individuals. In this study, herd, sex, age of dam, type and year of birth, and maternal genetic influence were considered according to their effects on pre-weaning growth characteristics in Turkish Saanen kids. As a result of the study, it has been determined that the economic significance of the maternal effect is high due to its effect on the growth characteristics of Turkish Saanen kids. In the selection program for offspring who grew up alongside their mothers from birth until weaning, it is recommended to account for the maternal effect as well as environmental factors.




Abstract


Data on 4487 Turkish Saanen kids from 176 bucks and 1318 dam-goats, obtained from the Turkish Saanen goats in the Izmir region and collected between 2018 and 2019, were analyzed to examine the effect of genetic and non-genetic factors on growth traits. The average birth weight of the kids was determined as 3.33 ± 0.68 kg, the average W60 was 13.06 ± 2.94 kg, the average WW was 18.38 ± 4.14 kg, and the average PreWDG until weaning was 0.17 ± 0.04 g. Model 1, which does not account for the maternal effect, and Model 2, which includes the maternal effect, were used in the estimation of genetic parameters. The heritability estimates of BW, W60, WW, and PreWDG ranged from 0.05 to 0.59 in both models. It is recommended to consider the maternal effect as well as the environmental factors in the selection program for the best early breeder selection of kids growing alongside their mothers until the weaning period.
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1. Introduction


The Turkish Saanen breed was developed by crossing the Saanen breed with native Turkish breeds (e.g., Saanen × Hair, Saanen × Kilis). Turkish Saanen goats are known for their high milk production and fertility efficiency and are commonly used in goat husbandry in Turkey, especially in Western Anatolia. The male kids are generally marketed for meat [1,2,3]. As a result, growth characteristics of goats are important biological factors that affect the sustainability and profitability of businesses, and these are economically significant for early breeding of breeding goats. In addition, improving growth performance is an important way of increasing meat output in a kid production system [4,5]. In particular, body weight and number of kids at birth are known to be associated with environmental factors as well as genetic traits [6,7]. The potential for genetic improvement is dependent largely on the heritability of the trait measured and its relationship with other traits of economic significance [8]. Birth weight is an important parameter of economic significance in animals due to its high and positive correlation with growth rate, weaning weight, and adult live weight, as well as its effect on the viability of newborn animals [9]. For this reason, it is necessary to examine the growth and morphometric characteristics of goats in order to evaluate their growth potential more accurately. Thus, profitability can be increased in goat breeding by incorporating these characteristics into breeding programs. In other words, to provide the development of an optimal breeding program, knowledge of parameters for growth traits is vital.



On the other hand, by revealing the effect of genetic and environmental factors on growth, a more accurate estimation of adult live weight is possible, and rapid genetic progress can be achieved in the herd with the application of selection in this direction [10]. Accurate performance evaluation and estimation of genetic parameters across various traits are prerequisites for creating successful selection strategies and breeding programs [11,12,13]. In addition, genetic and maternal effects on pre-weaning growth characteristics are important in defining variation among individuals [14,15]. Although maternal effects reflecting maternity ability are more important in the early stages of life, they have effects that can be transferred to later periods of life [16]. Especially in the period from birth until weaning, keeping the kids with their mothers makes the maternal effect even more impactful. Therefore, there are many studies that demonstrate that the maternal effect should be taken into account in order to reach more reliable genetic predictions in selection programs [13,17,18,19,20,21,22]. Although there are studies on the genetic parameters and factors affecting the growth characteristics before and after weaning in goats, there are not enough studies on the genetic parameters of growth characteristics in Turkish Saanen kids.



The goal of this study was to determine the most appropriate time, accounting for maternal effects, to determine early selection based on the growth characteristics of Turkish Saanen kids. Therefore, genetic parameters for pre-weaning growth traits in Turkish Saanen kids were estimated. Based on their effects on pre-weaning growth traits, herd, gender, dam age, type of birth and birth year, and maternal genetic effect were all considered.




2. Materials and Methods


2.1. Animals and Experimental Procedure


The dataset collected from the Turkish Saanen Goat subproject in the Izmir region as part of the National Sheep and Goat Improvement Project was examined in this study. A total of 4487 Turkish Saanen kids, including 176 bucks and 1318 dams, were studied. Growth trait records of Turkish Saanen kids were collected from 15 herds between the years 2018 and 2019. Birth weight (BW), 60th day live weight (W60), weaning weight (WW), and pre-weaning daily live weight gain (PreWDG) were employed as the growth traits in kids. The kids were fed alongside their mothers until weaning and were weaned on the 90th day.




2.2. Statistical Analyses


Herd, gender, type of birth, age of dam, and birth year effects on BW, W60, WW, and PreWDG of Turkish Saanen kids were analyzed. Analyses of variance components and heritability were carried out for BW, W60, WW, and PreWDG records. For this purpose, the model is structured with herd, gender, age of dam, type of birth, and birth year being the fixed effects; BW as a covariate effect for W60, WW, and PreWDG; and age of dam also as a covariate effect for BW. Animals’ additive genetic, maternal genetic, and residual effects were considered to be random effects. Descriptive statistics of the growth traits of Saanen kids are given in Table 1.



BW, W60, WW, and PreWDG were 3.33 ± 0.68 kg (CV = 20.51%), 13.06 ± 2.94 kg (CV = 22.51%), 18.38 ± 4.14 kg (CV = 22.51%), and 0.17 ± 0.04 g (CV = 26.89%), respectively (Table 1).



The following single trait and single record animal models were used:


Y = Xb + Za + e



(1)






Y = Xb + Za + Zm + e



(2)




where,



Y: a vector of BW, W60, WW and PreWDG;



b: a vector of herd, gender, type of birth, age of dam, and birth year as fixed effects; BW as a covariate for W60, WW, and PreWDG; and age of dam also as a covariate effect for BW;



a: direct additive genetic effects;



m: maternal genetic effects;



e: residual effect, X, and Z are incidence matrices relating observations to b, a, and m, respectively.



The estimates of variance components for each trait were estimated using the Average Information-Restricted Maximum Likelihood (AI-REML) method by Meyer [23].





3. Results


For all growth traits, the effects of herd, gender, type of birth, and birth year were found to be significant (p < 0.01). On the other hand, the effects of birth type on PreWDG were not significant (p = 0.39). Therefore, all effects were included in the model to obtain estimates of variance components. When the flocks were examined, the average BW was 3.26 ± 0.68 kg, the highest BW was 3.63 kg in the 6th herd, and the lowest BW was in the 10th flock at 2.74 kg. It was observed that W60 averaged 13.06 ± 2.94 kg and ranged between 8.53–16.04 kg, and WW averaged 18.38 ± 4.14 kg and varied between 11.64–21.65 kg. The average daily live weight gain was 0.17 ± 0.05 kg. Male kids were found to be heavier than female kids in all growth stages (p < 0.01). It was observed that twin births were the most common in Turkish Saanen kids, followed by singleton and triplet births, and quadruplet births had the lowest rate of 3%. The weights of single-born kids were found to be higher than those of multiple-born kids in all growth periods. For BW, 5-year-old mothers were found to have heavier kids than mothers of other ages, and for W60 and WW, kids of 7-year-old mothers were found to be heavier. The effect of the year of kids on live weights was found to be higher and more significant in 2018 than in 2019 (Table 2).



Variance components of BW, W60, WW, and PreWDG traits that were affected by herd, gender, birth type, the age of dam, and birth years were estimated. The additive, phenotypic, residual variances and heritability estimations are given in Table 3. In Model 1, the estimates of additive genetic variance were the lowest for BW (0.02). The additive genetic variance estimates increased rapidly by age—they reached 2.77 for WW. Phenotypic variance estimates have also shown the same tendency as the additive genetic variances; while the variance was 0.43 in the BW, it was estimated to be 4.70 in the WW. In this research, major differences have been identified between the heritability estimations obtained from BW to WW for different ages. Estimates of heritability were found to be 0.05 ± 0.02, 0.57 ± 0.002, 0.59 ± 0.04, and 0.33 ± 0.002 for BW, W60, WW, and PreWDG, respectively, in Model 1.



In the present study, the maternal effect was not included in Model 1 of Turkish Saanen goats for all growth traits, and additive genetic variances ranged from 0.02 to 2.77. Additive genetic variances ranged from 0.02 to 0.43 in Model 2, in which the maternal genetic effect was also considered. Moreover, maternal genetic variances ranged from 0.001 to 0.22 in Model 2. Additive genetic variances and, therefore, direct heritability estimates caused overestimation—the heritability estimates obtained in the present study were 0.57 ± 0.002 and 0.59 ± 0.04 for W60 and WW in Model 1, respectively. The heritability estimate for PreWDG was lower with the maternal model than the direct animal model. PreWDG heritability estimates were lower in Model 2 (0.22 ± 0.001), where the maternal effect was better accounted for than in Model 1 (0.33 ± 0.002).




4. Discussion


Many studies have been conducted to determine the factors that influence live weight in kids at various stages of development. Thiruvenkadan et al. [24] stated that the effect of birth year, birth season, birth type, and gender are important. According to Mio et al. [25], mean daily body weight gain and WW weight are significantly higher (p < 0.01) in males than in females. Birth type was determined as effective on BW (p < 0.01); weaning age with WW as effective on daily body weight gain (p < 0.05), gender (excluding BW (p < 0.01)), WW (p < 0.05), and daily body weight gain (p < 0.01); and the season of birth as effective on BW, WA, and daily live weight gain (p < 0.01), excluding WW. Supakorn and Pralomkarn [19] found that the effect of birth year, birth type, and gender on WW was significant (p < 0.05). Atouı et al. [26] reported that birth year, birth type, gender, maternal age, and maternal weight had a significant (p < 0.05) effect on BW. Alade et al. [27] discovered the effects of genotype, birth type, and gender to be significant in all growth periods (p < 0.01). Cappai et al. [28] investigated the interpretation of the metabolic profile of the transition goat raised in an extensive farming system. They found that metabolic patterns related to pre-partum, post-partum, and single - twin gestation.



In this study, singletons and males had significantly higher body weights compared to multiples and females at all growth stages (p < 0.01). These results were found to be similar to the study by Tozlu and Olfaz [29], which reported that the effects of genotype, birth type, and gender on live weights at 30, 75, and 180 days were significant. On the other hand, it was stated that only genotype had a significant effect (p < 0.05) on the daily live weight gains of kids between birth and after 30 days, the viability of kids at the age of 30 days was significantly affected by gender, and the viability of males was higher than that of females (p < 0.01). Ghimir et al. [30] found the effect of genotype and gender on live weight to be significant (p < 0.05). They did not, however, find any significant effect of dam age or season on body weight or daily body weight gain at any period (p > 0.05). Similarly, they reported that WW and PreWDG were not affected by any factor. According to Alade et al. [27], Akdag et al. [31], and Tozlu and Olfaz [29], male kids were significantly heavier than females (p < 0.01) among singletons compared to those born with multiples. They found that kids born to mothers aged five years had the highest BW (p < 0.01).



According to Atouı et al. [26], fixed effects, such as gender, species, and age of dam, which have significant effects on the body weight selection to be applied, should always be taken into account. The estimates of heritability for BW, W60, WW, and PreWDG in our current study ranged from 0.05 to 0.59. These results were higher than those reported by Rashidi et al. [11] for Markhoz goats (0.02), Kasap et al. [32] for Saanen goats (0.04), and Menezes et al. [33] for Boer goats (0.01). Moreover, our estimate of direct heritability for WW was higher than that estimated by Rashidi et al. [11] for Markhoz goats (0.03), Maghsoudi et al. [34] for Iranian Cashmere goats (0.07), and Mokhtari et al. [35] for Raeini Cashmere goats (0.15).



On the other hand, Otuma and Osakwe [36] found the estimated heritability values of BW and body weight at 90 and 360 days to be 0.41 ± 0.08, 0.45 ± 0.31, and 0.45 ± 0.28, respectively. They claimed that by selecting individuals with high body weights at a young age, they could achieve higher body weights at weaning age. According to Thiruvenkadan et al. [24], the heritability of live weight tends to increase from birth to age 160 days. Heritability estimates for pre- and post-weaning weight gain were found to be 0.29 ± 0.12 and 0.39 ± 0.17, respectively. Onder et al. [7] estimated the genetic parameters of sex and birth type, which are thought to be effective on live weights from birth to 180 days of age, and found the genetic variance to be 0.14 and heritability to be 0.27 for BW. It was stated that the selection to be made for any of these traits will also result in significant improvement for other traits.



Kuthu et al. [12] found heritability estimates for BW, W60, WW, and PreWDG of 0.28 ± 0.23, 0.26 ± 0.44, 0.23 ± 0.32, and 0.21 ± 0.32, respectively. They reported that the growth traits considered in selection should have low to moderate heritability and the growth traits should be based on estimated breeding values in selecting the animals that are future parents of the herd. Jawasreh et al. [37] determined their heritability estimates as 0.30 ± 0.04 for BW, 0.19 ± 0.04 for WW and PreWDG, and as 0.2 ± 0.04 for WW. Tesema et al. [13] reported their h2 estimates for BW, WW, and PreWDG as 0.38, 0.12, and 0.09, respectively. Koşum et al. [38] found heritability for BW and WW as 0.43 and 0.05, respectively. Gunia et al. [39] estimated heritability for live weight of Capricorn goats at 70 days and 11 months as 0.20 and 0.32, respectively. In their study, Rashidi et al. [11] estimated direct heritability to be at a moderate level of 0.21 for daily live weight gain, 0.22 for BW, and 0.16 for WW. Dashtizadeh et al. [40] estimated heritability as 0.55, 0.18, 0.47, and 0.43; Oseni and Ajayi [41] as 0.50–0.59, 0.14–0.4, 0.29, and 0.11, for BW, WW, and live weight at 90 and 180 days, respectively; and Mohammadi et al. [42] found values of 0.22, 0.25, and 0.29 for BW, WW, and W180. Bhattarai et al. [43] determined the heritability estimate for BW as 0.37 ± 0.12.



In the present study, heritability estimates in growth traits were found to be higher in Model 1, in which maternal effect was not taken into consideration. On the other hand, in Model 2, where maternal effect was also included, estimates were observed to be lower. Therefore, model 2 resulted in lower, and possibly more realistic, variance components. Maternal effects play a significant role in the expression of pre-weaning traits. As a result of this, it is important to know the extent of both maternal genetic and environmental effects, in addition to the additive genetic effects. Hammoud and Salem [44] reported that maternal effects should be taken into consideration when carrying out genetic evaluations of pre-weaning growth traits. Similarly, Magotra et al. [45] highlighted the considerable role of maternal effects on early growth traits. Supakorn and Pralomkarn [17] found direct heritability estimates to be 0.44 and 0.51, and maternal heritability estimates as 0.15 and 0.16 for BW and WW, respectively, in kids of four different goat species. Supakorn and Pralomkarn [19] recorded direct heritability estimates as 0.26 and 0.38, and maternal heritability estimates as 0.09 and 0.12 for BW and WW, and highlighted that the most suitable model to achieve rapid progress in WW in the herd would be one that included maternal genetic effect and excluded the direct maternal genetic covariance. Bedhane et al. [46] found direct additive heritability, additive maternal heritability, and maternal environmental effects values of 0.04–0.39 and 0.02–0.08, 0.09–0.20 and 0.03–0.07, and 0.12–0.21 and 0.05–0.09, respectively. They reported additive genetic variance, maternal permanent environmental variance, and phenotypic variances for BW and WW as 0.02–0.05 and 0.09–0.22, 0.03–0.04 and 0.15–0.26, and 0.21–0.26 and 2.49–2.70, respectively. They stated that maternal environmental effects and maternal permanent environmental effects were critical variation sources for body weights of young kids. In addition, they suggested considering the non-genetic effects on growth traits in any breeding program.



In the study in which they estimated the variance components and genetic parameters for birth and weaning weights, Gholizadeh et al. [18] found the maternal effect on the examined traits to be significant and suggested considering maternal effects in a future selection program. Barazandeh et al. [21] estimated genetic parameters of effective factors on BW, WW, and PreWDG, and reported that the model including additive direct genetic and permanent maternal environmental effects was the most suitable. Bangar et al. [15] and Bangar et al. [22] obtained low levels of heritability estimates for BW and WW. When compared with our study, these findings are similar in terms of BW, but higher than our findings for WW. Tesema et al. [13] recommended that both the direct additive genetic effect and maternal effects should be considered as environmental variation sources. Schoeman et al. [47] examined heritability estimates and the variance components of the factors that are thought to be effective on BW and WW and found that lower but more accurate variance components were obtained when maternal genetic effects were included in the individual model. Roy et al. [16] used models in which maternal genetic or maternal permanent environmental effects were excluded and included. According to the results of the study, heritability estimates were higher for all traits when maternal effects were ignored. They reported heritability estimates for BW and WW to be 0.12 and 0.18, respectively. Based on the heritability estimates obtained from the present study, it is possible to select kids prior to weaning for breeding.




5. Conclusions


In conclusion, the effects of environmental factors such as herd, birth year, gender, birth type, and age of dam were significant for all growth traits in Turkish Saanen kids. At the same time, the maternal effect is of great importance due to its effect on the growth characteristics of Turkish Saanen kids. As a result of comprehensive knowledge of these traits, it is possible to design the successful inheritance of economically significant traits in goat breeding. This information is considered an important step in the planning and implementation of any successful selection or breeding program aimed at improving the genetic gain of animals. While Turkish Saanen goats, of which there is a substantial population, are used for milk production, some of the offspring born are used for breeding and a significant amount are used for butchery. Therefore, it is recommended that early selection that considers environmental factors as well as maternal effects at the pre-weaning age may be delivered for genetic progress in Turkish Saanen kids growing with their mother from birth to weaning. This effect should also be considered in fertility programs. In addition to these, further studies examining the primary effect at the F2 level are required.







Author Contributions


The study planning and methodology, F.E.A.; collection of data F.E.A.; data analysis, F.E.A., Ç.T. and Y.G.; preparation and writing—review and editing F.E.A., Ç.T., Y.G., Ş.Ö.A. and T.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


In this study, there was no need for ethical approval due to the lack of blood sampling from the animals and the absence of any surgical procedures.




Data Availability Statement


All datasets collected and analyzed during the current study are available from the corresponding author on fair request.




Acknowledgments


We would like to thank the Republic of Turkey Ministry of Agriculture and Forestry General Directorate of Agricultural Research and Policies National Sheep and Goat Improvement Project (Project Code 35 TSK 2015-01) for supporting this research and providing this dataset.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kaymakçı, M.; Tuncel, E.; Güney, O. Dairy goat breeding studies in Turkey. In Proceedings of the National Dairy Goat Congress, İzmir, Turkey, 25–26 May 2005; pp. 4–10. [Google Scholar]

	



Yılmaz, O.; Kor, A.; Ertugrul, M.; Wilson, R.T. The domestic livestock resources of Turkey: Goat breeds and types and their conservation status. Anim. Genet. Resour. 2012, 51, 105–106. [Google Scholar] [CrossRef]

	



Günay, E.; Güneşer, O.; Karagül Yüceer, Y. A comparative study of amino acid, mineral and vitamin profiles of milk from Turkish Saanen, Hair and Maltese goat breeds throughout lactation. Int. J. Dairy Technol. 2021, 74, 441–452. [Google Scholar] [CrossRef]

	



Ocak, S.; Guney, O.; Onder, H.; Darcan, N. Growth and development performance of Cukurova Saanen kids under tropical climate conditions. J. Anim. Vet. Adv. 2006, 5, 985–989. [Google Scholar]

	



Zhang, C.Y.; Zhang, Y.; Xu, D.; Li, X.; Su, J.; Yang, L.G. Genetic and phenotypic parameter estimates for growth traits in Boer goat. Livest. Sci. 2009, 124, 66–71. [Google Scholar] [CrossRef]

	



Zhang, C.; Yang, L.; Shen, Z. Variance components and genetic parameters for weight and size at birth in the Boer goat. Livest. Sci. 2008, 115, 73–79. [Google Scholar] [CrossRef]

	



Onder, H.; Sen, U.; Takma, C.; Ocak, S.; Abaci, S.H. Genetic parameter estimates for growth traits in Saanen kid. Kafkas Univ. Vet. Fak. Derg. 2015, 21, 799–804. [Google Scholar]

	



Mavrogenis, A.P.; Constantinou, A.; Louca, A. Environmental and genetic causes of variation in production traits of Damascus goats. 1. Pre-weaning and post-weaning growth. Anim. Prod. 1984, 38, 91–97. [Google Scholar] [CrossRef]

	



Cilek, S.; Gotoh, T. Effects of dam age, lamb gender and singleton or twin status on body weight and chest measurements of Malya lambs in Middle Anatolia, Turkey. J. Fac. Agric. Kyushu Univ. 2015, 60, 371–375. [Google Scholar] [CrossRef]

	



Akpa, G.N.; Ambali, A.L.; Suleiman, I.O. Body conformation, testicular and semen characteristics as influenced by age, hair type and body condition of Red Sokoto goat. N. Y. Sci. J. 2013, 6, 44–58. [Google Scholar]

	



Rashidi, A.; Bishop, S.C.; Matika, O. Genetic parameter estimates for pre-weaning performance and reproduction traits in Markhoz goats. Small Rumin. Res. 2011, 100, 100–106. [Google Scholar] [CrossRef]

	



Kuthu, Z.H.; Javed, K.; Babar, M.E.; Sattar, A.; Abdullah, M. Estimation of genetic parameters for pre-weaning growth traits in Teddy Goats. J. Anim. Plant Sci. 2017, 27, 1408–1414. [Google Scholar]

	



Tesema, Z.; Alemayehu, K.; Getachew, T.; Kebede, D.; Deribe, B.; Taye, M.; Tilahun, M.; Lakew, M.; Kefale, A.; Belayneh, N.; et al. Estimation of genetic parameters for growth traits and Kleiber ratios in Boer x Central Highland goat. Trop. Anim. Health Prod. 2020, 52, 3195–3205. [Google Scholar] [CrossRef] [PubMed]

	



Magotra, A.; Bangar, Y.C.; Chauhan, A.; Malik, B.S.; Malik, Z.S. Influence of maternal and additive genetic effects on offspring growth traits in Beetal goat. Reprod. Domest. Anim. 2021, 56, 983–991. [Google Scholar] [CrossRef]

	



Bangar, Y.C.; Magotra, A.; Yadav, A.S.; Chauhan, A. Estimation of genetic parameters for early reproduction traits in Beetal goat. Zygote 2022, 30, 279–284. [Google Scholar] [CrossRef] [PubMed]

	



Roy, R.; Mandal, A.; Notter, D.R. Estimates of (co)variance components due to direct and maternal effects for body weights in Jamunapari goats. Animal 2008, 2, 354–359. [Google Scholar] [CrossRef]

	



Supakorn, C.; Pralomkarn, P. Estimation of genetic parameters on pre-weaning growth traits in goats for meat raised at a commercial farm in Southern Thailand. Thai J. Agric. Sci. 2009, 42, 21–25. [Google Scholar]

	



Gholizadeh, M.; Mlanji, G.R.; Hashemi, M.; Hafezian, H. Genetic parameter estimates for birth and weaning weights in Raeini goats. Czech J. Anim. Sci. 2010, 55, 30–36. [Google Scholar] [CrossRef]

	



Supakorn, C.; Pralomkarn, P. Genetic parameter estimates for weaning weight and Kleiber ratio in goats. Songklanakarin J. Sci. Technol. 2012, 34, 165–172. [Google Scholar]

	



Ghafouri Kesbi, F.; Eskandarinasab, M.; Hassanabadi, A. Estimation of genetic parameters for lamb weight at various ages in Mehraban sheep. Ital. J. Anim. Sci. 2008, 7, 95–103. [Google Scholar] [CrossRef]

	



Barazandeh, A.; Moghbeli, S.M.; Vatankhah, M.; Mohammadabadi, M. Estimating non-genetic and genetic parameters of pre-weaning growth traits in Raini Cashmere goat. Trop. Anim. Health Prod. 2012, 44, 811–817. [Google Scholar] [CrossRef]

	



Bangar, Y.C.; Magotra, A.; Yadav, A.S. Variance components and genetic parameter estimates for pre-weaning and post-weaning growth traits in Jakhrana goat. Small Rumin. Res. 2020, 193, 106278. [Google Scholar] [CrossRef]

	



Meyer, K. WOMBAT. A Program for Mixed Model Analyses by Restricted Maximum Likelihood. User Notes. Available online: http://didgeridoo.une.edu.au/km/wmbdownload1.php (accessed on 27 September 2022).

	



Thiruvenkadan, A.K.; Murugan, M.; Karunanithi, K.; Muralidharan, J.; Chinnamani, K. Genetic and non-genetic factors affecting body weight in Tellicherry goats. S. Afr. J. Anim. Sci. 2009, 39, 107–111. [Google Scholar] [CrossRef]

	



Mioč, B.; Sušić, V.; Antunović, Z.; Prpić, Z.; Vnučec, I.; Kasap, A. Study on birth weight and pre-weaning growth of Croatian multicolored goat kids. Vet. Arh. 2011, 81, 339–347. [Google Scholar]

	



Atouı, A.; Hajejjı, Z.; Abdennebı, M.; Gaddour, A.; Najarı, S. Environmental factors affecting birth weight of Tunisian local goat population kids. Agric. Biotec. 2017, 38, 2069–2076. [Google Scholar]

	



Alade, N.K.; Mbap, S.T.; Alıyu, J. Genetic and environmental factors affecting growth traits of goats in semi arid area of Nigerıa. Glob. J. Agric. Sci. 2008, 7, 85–91. [Google Scholar] [CrossRef]

	



Cappai, M.G.; Liesegangb, A.; Dimauroc, C.; Mossad, F.; Pinnaa, W. Circulating electrolytes in the bloodstream of transition Sarda goats make the difference in body fluid distribution between single vs. twin gestation. Res. Vet. Sci. 2019, 123, 84–90. [Google Scholar] [CrossRef] [PubMed]

	



Çelik, H.T.; Olfaz, M. Investigation on survival rate and growth characteristics of pure hair goat and Saanen x hair goat (F1, B1, B2) crossbreds in breeder conditions. Mediterr. Agric. Sci. 2018, 31, 77–85. [Google Scholar]

	



Ghimire, R.; Shakya, Y.; Bhattarai, N. Evaluation of effects of genetic and non-genetic factors on the growth performance of Boer Cross, Jamunapari Cross and Local Khari Breeds of Goat in Jagatpur Farm, Chitwan, Nepal. J. Vet. Sci. Technol. 2020, 11, 1–4. [Google Scholar]

	



Akdag, F.; Pir, H.; Teke, B. Comparison of growth traits in Saanen and Saanen X Hair Crossbred (F1) kids. J. Anim. Prod. 2011, 52, 33–38. [Google Scholar]

	



Kasap, A.; Mioc, B.; Skorput, D.; Pavic, V.; Antunovic, Z. Estimation of genetic parameters and genetic trends for reproductive traits in Saanen goats. Acta Vet. 2013, 63, 269–277. [Google Scholar] [CrossRef]

	



Menezes, L.M.; Sousa, W.H.; Cavalcanti-Filho, E.P.; Gama, L.T. Genetic parameters for reproduction and growth traits in Boer goats in Brazil. Small Rumin. Res. 2016, 136, 247–256. [Google Scholar] [CrossRef]

	



Maghsoudi, A.; Torshizi, R.V.; Jahanshahi, A.S. Estimates of (co)variance components for productive and composite reproductive traits in Iranian Cashmere goats. Livest. Sci. 2009, 126, 162–167. [Google Scholar] [CrossRef]

	



Mokhtari, M.S.; Asadi Fozi, M.A.; Gutiérrez, J.P.; Notter, D.R. Genetic and phenotypic aspects of early reproductive performance in Raeini Cashmere goats. Trop. Anim. Health Prod. 2019, 51, 2175–2180. [Google Scholar] [CrossRef]

	



Otuma, M.O.; Osakwe, I.I. Estimation of genetic parameters of growth traits in Nigeria Sahelian Goats. J. Anim. Vet. Adv. 2008, 7, 535–538. [Google Scholar]

	



Jawasreh, K.; Ismail, Z.B.; Iya, F.; Castañeda-Bustos, V.J.; Valencia-Posadas, M. Genetic parameter estimation for pre-weaning growth traits in Jordan Awassi sheep. Vet. World 2018, 11, 254–258. [Google Scholar] [CrossRef]

	



Koşum, N.; Taşkın, T.; Akbaş, Y.; Kaymakçı, M. Heritability estimates of birth and weaning weights in Saanen, Bornova and Saanen x Kilis goats. Pak. J. Biol. Sci. 2004, 7, 1963–1966. [Google Scholar]

	



Gunia, M.; Phocas, F.; Arquet, R.; Alexandre, G.; Mandonnet, N. Genetic parameters for body weight, reproduction, and parasite resistance traits in the Creole goat. J. Anim. Sci. 2011, 89, 3443–3451. [Google Scholar] [CrossRef]

	



Dashtizadeh, M.; Yazdanshenas, M.S.; Ghotbi, A.; Haghparast, H. Estimation of genetic parameters for growth traits of Iranian Adani (Persian Gulf) goats 1. In Proceedings of the Asia Dairy Goat Conference, Kuala Lumpur, Malaysia, 9–12 April 2012; pp. 113–115. [Google Scholar]

	



Oseni, S.O.; Ajayi, B.A. Phenotypic characterization and strategies for genetic improvement of WAD goats under backyard systems. Open J. Anim. Sci. 2014, 4, 253–262. [Google Scholar] [CrossRef]

	



Mohammadi, H.; Shahrebabak, M.M.; Shahrebabak, H.M. Genetic parameter estimates for growth traits and prolificacy in Raeini Cashmere goats. Trop. Anim. Health Prod. 2012, 44, 1213–1220. [Google Scholar] [CrossRef] [PubMed]

	



Bhattarai, N.; Kolachhapati, M.; Devkota, N.; Thakur, U.; Neopane, S. Estimation of genetic parameters of growth traits of Khari goats (Capra hircus L.) In Nawalparasi, Nepal. Int. J. Livest. Res. 2017, 7, 80–89. [Google Scholar] [CrossRef]

	



Hammoud, M.H.; Salem, M.M.I. Estimates of variance components and heritabilities of pre-weaning growth traits of Anglo-Nubian and Baladi kids. Egyptian J. Anim. Prod. 2019, 56, 121–127. [Google Scholar]

	



Magotra, A.; Bangar, Y.C.; Chauhan, A.; Yadav, A.S.; Malik, Z.S. Impact of mother genetic and resource environment on her offspring’s growth features in Munjal sheep. Zygote 2022, 30, 495–500. [Google Scholar] [CrossRef] [PubMed]

	



Bedhane, M.; Haile, A.; Dadi, H.; Alemu, T. Estimates of genetic and phenotypic parameters for growth traits in Arsi-Bale Goat in Ethiopia. J. Anim. Sci. Adv. 2013, 3, 439–448. [Google Scholar]

	



Schoeman, S.J.; Botha, M.E.; Casey, N. Heritability estimates for pre-weaning growth traits in the Adelaide Boer goat flock. S. Afr. Tydskr. Veek. 1996, 26, 8–10. [Google Scholar]








[image: Table] 





Table 1. Descriptive statistics of the growth traits of Turkish Saanen kids.






Table 1. Descriptive statistics of the growth traits of Turkish Saanen kids.





	Traits
	Mean
	Std. Deviation
	Coefficient of Variation (%)





	BW
	3.33
	0.68
	20.51



	W60
	13.06
	2.94
	22.51



	WW
	18.38
	4.14
	22.51



	PreWDG
	0.17
	0.04
	26.89







BW: birth weight; W60: weight at 60th day; WW: weaning weight; PreWDG: pre-weaning daily gain.
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Table 2. Analysis of variance of non-genetic affecting growth traits in Turkish Saanen kids.






Table 2. Analysis of variance of non-genetic affecting growth traits in Turkish Saanen kids.













	Factors
	n
	(BW)

(kg)
	W60

(kg)
	WW

(kg)
	PreWDG

(g/day)





	
	
	3.26 ± 0.68
	13.06 ± 2.94
	18.38 ± 4.14
	0.17 ± 0.05



	Herd
	
	
	
	
	



	1
	588
	3.42 ± 0.03 ab
	10.18 ± 0.10 f
	14.72 ± 0.14 h
	0.13 ± 0.002 g



	2
	430
	3.62 ± 0.03 a
	12.75 ± 0.11 cd
	16.60 ± 0.17 g
	0.14 ± 0.003 f



	3
	44
	2.99 ± 0.10 def
	8.53 ± 0.36 g
	11.64 ± 0.52 i
	0.10 ± 0.006 h



	4
	23
	3.55 ± 0.13 a
	11.21 ± 0.50 def
	17.24 ± 0.72 fg
	0.15 ± 0.008 cdefg



	5
	141
	3.34 ± 0.05 abc
	12.29 ± 0.20 de
	18.80 ± 0.29 bcde
	0.17 ± 0.003 bcde



	6
	65
	3.63 ± 0.08 a
	11.60 ± 0.30 e
	16.03 ± 0.43 g
	0.14 ± 0.005 fg



	7
	245
	3.08 ± 0.04 cde
	13.28 ± 0.15 bc
	18.46 ± 0.22 def
	0.17 ± 0.003 bcde



	8
	44
	3.21 ± 0.10 bcd
	12.96 ± 0.36 bcde
	16.82 ± 0.52 g
	0.15 ± 0.006 ef



	9
	115
	3.43 ± 0.06 ab
	9.79 ± 0.22 fg
	14.74 ± 0.32 h
	0.13 ± 0.004 g



	10
	134
	2.74 ± 0.06 g
	12.29 ± 0.21 de
	19.02 ± 0.30 cd
	0.18 ± 0.004 bc



	11
	225
	3.40 ± 0.04 ab
	13.29 ± 0.16 bc
	21.65 ± 0.23 a
	0.20 ± 0.003 a



	12
	56
	2.89 ± 0.09 a
	16.04 ± 0.32 a
	19.87 ± 0.46 c
	0.19 ± 0.002 ab



	13
	1051
	3.53 ± 0.02 bcde
	15.23 ± 0.07 a
	21.23 ± 0.11 b
	0.19 ± 0.002 a



	14
	654
	3.16 ± 0.03 cde
	13.81 ± 0.09 b
	18.68 ± 0.14 d
	0.17 ± 0.002 bcd



	15
	668
	3.09 ± 0.02
	12.61 ± 0.09 de
	18.20 ± 0.13 ef
	0.17 ± 0.02 de



	p-value
	
	0.01
	0.01
	0.01
	0.01



	Gender
	
	
	
	
	



	Male
	2046
	3.39 ± 0.04 a
	13.08 ± 0.14 a
	18.71 ± 0.21 a
	0.17 ± 0.002 a



	Female
	2441
	3.12 ± 0.04 b
	12.47 ± 0.14 b
	17.73 ± 0.21 b
	0.16 ± 0.002 b



	p-value
	
	0.01
	0.01
	0.01
	0.01



	Type of birth
	
	
	
	
	



	Single
	1099
	3.61 ± 0.04 a
	13.32 ± 0.14 a
	18.80 ± 0.21 a
	0.17 ± 0.002



	Twin
	2482
	3.28 ± 0.04 b
	12.99 ± 0.13 ab
	18.53 ± 0.20 ab
	0.17 ± 0.002



	Triplet
	765
	3.05 ± 0.04 c
	12.49 ± 0.15 ab
	17.99 ± 0.22 b
	0.16 ± 0.002



	Quadruplet
	141
	3.08 ± 0.06 c
	12.36 ± 0.22 b
	17.57 ± 0.34 b
	0.16 ± 0.004



	p-value
	
	0.01
	0.01
	0.01
	0.39



	Age of dam
	
	
	
	
	



	1
	639
	3.19 ± 0.04 a
	12.81 ± 0.13 a
	18.11 ± 0.19 ab
	0.16 ± 0.002 cd



	2
	1315
	3.22 ± 0.03 bc
	12.55 ± 0.11 c
	18.03 ± 0.17 c
	0.16 ± 0.002 de



	3
	977
	3.28 ± 0.03 b
	12.31 ± 0.11 bc
	17.56 ± 0.17 c
	0.16 ± 0.002 e



	4
	835
	3.24 ± 0.03 bc
	12.46 ± 0.12 bc
	17.59 ± 0.18 bc
	0.15 ± 0.002 de



	5
	364
	3.30 ± 0.04 bc
	12.70 ± 0.15 bc
	18.51 ± 0.22 a
	0.17 ± 0.002 abc



	6
	173
	3.19 ± 0.05 cd
	12.49 ± 0.19 ab
	17.95 ± 0.28 a
	0.16 ± 0.003 ab



	7
	104
	3.27 ± 0.07 bcd
	13.14 ± 0.23 abc
	19.20 ± 0.35 a
	0.18 ± 0.004 a



	8
	80
	3.25 ± 0.08 d
	12.78 ± 0.28 abc
	17.71 ± 0.42 abc
	0.16 ± 0.005 bcde



	p-value
	
	0.01
	0.01
	0.01
	0.01



	Birth year
	
	
	
	
	



	2018
	1987
	3.37 ± 0.04 a
	13.99 ± 0.15 a
	19.62 ± 0.22 a
	0.18 ± 0.002 a



	2019
	2500
	3.14 ± 0.04 b
	11.60 ± 0.14 b
	16.83 ± 0.21 b
	0.15 ± 0.002 b



	p-value
	
	0.01
	0.01
	0.01
	0.01







Values with different letters in the same row are different (p < 0.01).
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Table 3. Variance components and heritability values of growth traits.
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Model 1




	
Traits

	
    σ a 2    

	
    σ p 2    

	
    σ e 2    

	
   h a 2    ± S.E.




	
BW

	
0.02

	
0.43

	
0.41

	
0.05 ± 0.02




	
W60

	
0.42

	
0.73

	
0.31

	
0.57 ± 0.002




	
WW

	
2.77

	
4.70

	
1.92

	
0.59 ± 0.04




	
PreWDG

	
0.31

	
0.94

	
0.62

	
0.33 ± 0.002




	

	
Model 2




	
Traits

	
    σ a 2    

	
    σ p 2    

	
    σ e 2    

	
    σ m 2    

	
   h a 2    ± S.E.

	
   h m 2     ± S.E.




	
BW

	
0.02

	
0.43

	
0.41

	
0.001

	
0.05 ± 0.02

	
0.002 ± 0.018




	
W60

	
0.43

	
0.86

	
0.32

	
0.13

	
0.50 ± 0.005

	
0.13 ± 0.002




	
WW

	
0.11

	
1.05

	
0.70

	
0.22

	
0.11 ± 0.003

	
0.22 ± 0.002




	
PreWDG

	
0.10

	
0.94

	
0.62

	
0.22

	
0.11 ± 0.001

	
0.22 ± 0.001








BW: birth weight; W60: weight at 60th day; WW: weaning weight; PreWDG: pre-weaning daily gain;    σ p 2  :   phenotypic,    σ a 2   : additive genetic,    σ m 2  :  maternal   genetic  ,   and      σ e 2  :   residual variances,    h a 2   : heritability of direct additive;    h m 2   : heritability of maternal genetic effects; and S.E.: standard errors.
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