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Abstract. Hafizuddin, Karja NWK, Praharani L, Setiadi MA. 2021. Breed and age effects on concentration of adiponectin and 
reproductive performance in Anglo Nubian, Etawah grade and its crossbred bucks. Biodiversitas 22: 1112-1119. The purpose of this 
study was to evaluate the effect of differences in breed and age on reproductive performance and adiponectin and testosterone 
production in Anglo Nubian, Etawah grade, and crossbred (Anpera) bucks. A total of 12 bucks with four individuals of each breed were 
used. This study collected five data points from each buck regarding adiponectin, testosterone, and reproductive performance (libido and 
semen characteristics). Data were analyzed with factorial analysis of variance and Duncan's test. The result shows that adiponectin 
concentration between breeds was significantly different (P <0.01). There were also significant differences (P<0.05) in adiponectin 

concentrations based on buck age. There were also significant interactions with adiponectin concentrations (P <0.01). Furthermore, 
testosterone concentrations showed significant differences based on breed (P <0.05) and age (P <0.05). There were also significant age-
breed interactions affecting testosterone concentrations (P <0.01). Libido and semen characteristics had no significant differences based 
on breed and age group, and no significant age-breed interactions (P> 0.05). The heterosis effect on adiponectin concentration (48.05%), 
testosterone concentration (27.68%), libido (-0.61%), semen volume (-1.93%), sperm motility (0.49%), sperm normal morphology 
(0.18%), and sperm concentration (0.00%) was measured. In conclusion, there is a significant effect of breed, age, and age-breed 
interactions on the concentration of adiponectin and testosterone in bucks, and both of these variables have a high heterosis effect on 
crossbred bucks. 
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INTRODUCTION 

Crossbreeding is a breeding process for increasing local 

livestock production through crossing with exotic animals  

(Mirkena et al. 2010; Sutarno and Setyawan 2015). Crosses 

aim to combine the superior nature of the two parents. 

Crosses in goats generally aim to increase meat production, 

milk production, and reproductive performance (Sahraoui 

et al. 2020). In the tropics, crossing also aims to produce 

high productivity livestock adaptive to the tropical climate  

(Arief et al. 2020). One of the efforts made in Indonesia to 

increase the production of goat milk is by crossing the 

Anglo Nubian goat with the Etawah grade, producing what 

is known as the Anpera goat. For this reason, the 
reproductive performance of Anpera goat bulls must be 

evaluated to better select individuals and improve the 

breeding process.  

Recent studies by Hafizuddin et al. (2020) show that the 

hormone adiponectin correlates with buck semen 

characteristics, starting with variances in semen volume, 

sperm morphology, and sperm concentration. This 

corroborates previous reports on male mammals  

(Kasimanickam et al. 2013; Thomas et al. 2013; Kadivar et 

al. 2016). Additionally, adiponectin has been proposed as a 

biomarker candidate for semen quality and male fertility  

(Thomas et al. 2013; Elfassy et al. 2018; Hafizuddin et al. 
2019). Previously, parameters commonly used to assess 

reproductive performance in male mammals ranged from 

testosterone  (Singh et al. 2014), to libido  (Fahey et al. 

2012), and semen quality  (Boe-Hansen et al. 2015). Some 

reports also found that adiponectin concentration is 

influenced by age  (Heinz et al. 2015; Choubey et al. 2019). 

However, the effect of breed on adiponectin has not yet 

been reported. Therefore, research is needed to determine 

how adiponectin concentration and reproductive 

performance in bucks are affected by age and breed, an 

effect known as heterosis. 

Adiponectin is a protein hormone produced by adipose 
tissue. Recent reports on male mammals show that 

adiponectin is correlated with fertility, varying testosterone 

and semen quality  (Pfeffer et al. 2007; Kasimanickam et 

al. 2013; Thomas et al. 2013; Kadivar et al. 2016). At the 

same time, testosterone is a steroid hormone actively 

involved in the process of spermatogenesis. It can be used 

to calculate male fertility in combination with physical 

parameters and semen quality  (Singh et al. 2014). 

Additionally, libido is a parameter of male fertility  (Fahey 

et al. 2012). Some studies describe new developments in 

fertility determination that use adiponectin as a new 
parameter. However, factors that influence adiponectin are 
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still varied, and until now, the effects of heterosis in 

crossing animals have not been reported. 

The purpose of this study is to evaluate the effect of 

differences in breed and age on adiponectin, testosterone, 

and reproductive performance in Anglo Nubian, Etawah 

grade, and crossbred (Anpera) bucks. This research 

provides new information and confirms the role of genetics 

on functional hormones involved in reproduction. 

MATERIALS AND METHODS 

Ethical statement 
The use of treated animals in this study was ethically 

ratified by the Animal Care and Use Committee (ACUC) of 

IPB University (Bogor Agricultural University), Bogor, 
Indonesia, number: 81–2017 IPB.  

 

Animals 
The samples used in this study were semen and blood 

collected from 12 bucks, weighing between 36 and 69 kg 

and 18-42 months old. The bucks belonged to the 

Indonesian Research Institute for Animal Production and 

were raised in individual cages. The bucks were fed 3-4 kg 

of king grass and 0.5-0.7 kg of concentrate daily, water 

consumption ad libitum. Bucks were classified into three 

breed groups: Anglo Nubian (n=4), Etawah grade (n=4) 

and Anpera (n=4). They were also classified by age: young 

(18-24 months) and adult (30-42 months). Observations of 
libido, collection and evaluation of semen, and collection of 

blood samples from each animal were conducted in the 

morning. All data were collected in five repetitions at 10-

day intervals. To standardize collection, all animal samples 
were treated by semen collection one day before the first 

sample was collected.  

 

Blood collection and processing 
Blood was collected from the jugular vein, ranging 

between 1.5 and 1.8 ml, using a 3 mL disposable syringe 

filled with the anticoagulant ethylenediaminetetraacetic 

acid ethylene diamine (EDTA) (Art. 8418 Titriplex® III, 

Merck, Darmstadt, Germany). The blood was then 

centrifuged at 5000 rpm at room temperature for 10 

minutes. The supernatant (blood plasma) was poured into a 

microtube and stored at -20°C until adiponectin and 

testosterone analysis.  

 

Adiponectin concentration measurements 
Adiponectin concentrations were measured with the 

goat adiponectin enzyme-linked immunosorbent assay 

(ELISA) kit produced by Bioassay Technology Laboratory, 

Shanghai Crystal Day Biotech Co., Ltd., China (Cat. No 

E0020GO). This assay has been successfully validated for 

measuring adiponectin concentrations in Anpera buck 

blood plasma. Adiponectin measurement was performed by 

manufacturer’s instructions, according to Hafizuddin et al. 

(2020). Briefly, 50 μl adiponectin standard were added to 

standard wells and 40 μL of blood plasma sample) were 

placed in the sample wells. Ten μl of anti-adiponectin 
antibody and 50 μl of streptavidin-horseradish peroxidase 

(HRP) were then added to the sample wells, standard well, 

and control well. The control well was filled only with 10 

μL of anti-adiponectin antibody and 50 μl of streptavidin-

HRP. The filled plate was then thoroughly mixed, covered 

with a sealer, and incubated for 60 minutes at 37 °C. The 

sealer was removed and the plate was rinsed with a rinsing 

buffer 5 times. The wells were immersed in 0.35 ml rinsing 

buffer for 30 seconds to 1 minute each rinse. After rinsing, 

the wells were thumped firmly on absorbent paper to 

remove any residual clumps. Substrate A and B (50 µl) 

were added to each well, respectively. The plate was 
separated and covered using a new sealer for 10 minutes at 

37 °C. The enzyme reaction was stopped using 50 μl of 

stop solution. The absorbance (optical density) was 

measured by ELISA reader.  

 

Testosterone concentration measurements 
The testosterone concentration was analyzed by ELISA 

testosterone kit. Testosterone concentration measurement 

was done based on the DRG diagnostic instruction manual 

(Cat. no. EIA-1559, DRG Instruments GmbH, Germany). 

Testosterone measurements were conducted following 
manufacturer’s instructions as described by Hafizuddin et 

al. (2020). Standard, control, and blood plasma samples (25 

µl) in duplicate were added into appropriate microplate 

wells coated with testosterone monoclonal antibody. After 

the addition of 200 µl enzyme conjugate, each well was 

incubated for 60 minutes. The plates were then washed 

with washing solution and blotted dry four times. Then, 

each well-received 200 µl substrate solution 

(tetramethylbenzidine), and re-incubated 15-20 minutes. 

The complete procedure was conducted at room 

temperature. The enzyme reaction was stopped using 100 
µl 0.5 M H2SO4. The absorbance was measured at 450 nm 

using ELISA reader.  

 

Libido examinations 
The libido of the Anpera bucks was evaluated 

according to the method reported by Mickelsen et al. 

(1982). Libido was scored ranging from 0 to 10: 0. no 

interest; 1. interest only in one event; 2. more than one 

interest or occurrence; score 3. active interest during the 

whole test period; 4. one mount or attempt to mount, no 

intromission; 5. two mounts or attempts to mount, without 

intromission; 6. >2mounts or attempts to mount, no 
intromission; 7. one intromission, no further interest; score 

8. one intromission followed by interest; score 9. two 

intromissions, no further interest; score 10. two 

intromissions followed by interest (including mounts 

and/or services). 

 

Semen collection and evaluation 
Semen samples were obtained from each animal and 

analyzed, as previously reported by Maidin et al. (2018) 

and Syafruddin et al. (2020). Semen was collected 5 times 

using an artificial vagina with 10-day intervals, and a 
labeled tube was used to measure semen volume. Sperm 

motility, morphology and concentration were evaluated 

under a microscope (Olympus, Tokyo, Japan). The 

collected semen was immediately placed in a water bath 

(37°C) and evaluated for motility, morphology, and sperm 
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concentration. Motility of sperm was evaluated 

subjectively, whereas morphology and concentration of 

sperm were evaluated using eosin-nigrosin staining and 

Neubauer hemocytometer, respectively. 

 

Statistical analysis 
A completely randomized design with two-factor 

arrangement (3 breed × 2 age), with 5 repetitions was used. 

Results are presented as least square means ± standard 

error of means (LS means ± SEM)  (Amal et al. 2019). 
Effects of breed and age were evaluated by ANOVA, while 

Duncan’s test was used to determine differences among the 

combination of age and breed, using SAS® program 

version 9.4. Differences with a P-value of 5% were 

considered to be statistically significant.  

The effects of heterosis are calculated using a formula 

as reported Praharani et al. (2019). Heterosis (%) = (PA – ( 

(PN + PE)/2)) / ( (PN + PE)/2) x 100; PA = Performance of 

Anpera; PN = Performance of Anglo Nubian; PE = 

Performance of Etawah grade. 

RESULTS AND DISCUSSION 

The concentration of adiponectin  
Breed, age, and the interaction between these two 

factors had an effect on adiponectin concentration with 

significant difference (P <0.05) (Table 1). The results of 

this study showed that the highest concentration of 

adiponectin was found in Anpera, while the lowest was in 

Etawah grade (P <0.01). Adiponectin concentrations were 

higher in adult bucks than young bucks (P <0.05). Only in 

the Anglo Nubian breed were age-breed interactions 

affecting adiponectin concentrations with significant 

difference (P <0.01). 
The genetic influence on adiponectin concentration is 

directly related to the different adipose tissue masses 

between breeds. The adipose mass is the main determinant 

influencing adiponectin concentration. This has been 

reported in beef (German Holstein) and dairy (Charolais) 

cattle with differences in adipose tissue mass  (Ren et al. 

2002; Chilliard et al. 2005). Based on this, in terms of the 

body composition (adipose tissue mass) of Anglo Nubian 

and Anpera goats, compared to Etawah grade, breed may 

have a significant effect on adiponectin concentration (P 

<0.05). 

This study finds breed is a factor in increasing 
adiponectin, as shown in the Anglo Nubian breed. Specific 

factors in goat breed are likely to produce differences in the 

concentration of adiponectin  (Hafizuddin et al. 2020). 

However, the identification of factors influencing 

adiponectin concentration, especially in goats, requires 

further research. 

Age increasingly affects adiponectin concentrations in 

bucks during optimum reproductive period  (Hafizuddin et 

al. 2020). Similarly, Heinz et al. (2015) reported that the 

older the bulls, the higher the concentration of adiponectin. 

Heinz et al. (2015) found adiponectin concentrations to be 
significantly different between bulls ≤ 24 months compared 

to bulls age ≥72 months (P <0.01). In contrast, Pearson 

(2015) found higher adiponectin concentrations in colts 

compared with stallions, with no significant difference (P> 

0.05). As animals age, adipose tissue undergoes 

hypertrophy, resulting in increased adiponectin 

concentration in the blood and increased insulin sensitivity 

in adipose tissue  (Cawthorn et al. 2012; Yu et al. 2019). In 

comparison, Cnop et al. (2003) and Ayina et al. (2016) 

report that adiponectin concentration changes are 

determined by adipose tissue insulin resistance factors, 

intra-abdominal fat, and lipoprotein profile. Subsequent 
reports by Ting-Ting et al. (2019), state that increasing 

lipoprotein has a high correlation with increasing age. This 

statement supports Pfaehler et al. (2012), who report that 

lipoprotein positively correlates with adiponectin 

concentration. 

 

The concentration of testosterone  
Breed,age, and age-breed interactions had an effect on 

testosterone concentration with significant difference (P 

<0.05) (Table 2). The results of this study show higher 

testosterone concentrations in Anpera breed than Etawah 
grade (P <0.05). Regarding age, testosterone concentrations 

are higher on average in young bucks than in adult bucks. 

However, only in the Anglo Nubian breed did age-breed 

interactions affect testosterone concentration with 

significant difference (P <0.01). 

This study found significant difference in testosterone 

concentrations among buck breeds. A similar report by 

Rachmawati et al. (2014) showed significantly different 

testosterone concentrations in Kejobong, Bligon, and 

Etawah grade buck at 12.00±6.56 ng/mL, 9.23±4.73 

ng/mL, and 6.82±4.18 ng/mL, respectively. Meanwhile, 
Ferasyi et al. (2015) determined a testosterone 

concentration of 13.20±3.96 ng/mL in Etawah grade bucks. 

Testosterone concentrations of Kacang goats were 

determined at 10.2±5.42 ng/mL  (Armansyah et al. 2018), 

and 7.25±1.45 ng/mL  (Gholib et al. 2016). According to 

Rachmawati et al. (2014), the differences likely occurred as 

a result of genetic and breed factors. According to Ohlsson 

et al. (2011), the factors determining testosterone 

concentrations include breed, age and body mass index. 

Furthermore, genetic effects on testosterone concentrations 

depend on genetic variances found in the sex hormone-

binding globulin (SHBG) locus. If the number of genetic 
variances in the SHBG locus more strongly affects the 

affinity of SHBG with testosterone, there will be an 

increase in testosterone. 

Testosterone concentrations in this study varied 

between young bucks and adult bucks with significant 

difference. This shows that testosterone concentration is 

influenced by age. This study corroborates previous studies 

that report higher testosterone concentrations found in 

young Kejobong bucks than adults, with concentrations of 

19.62±4.86 ng/mL and 16.12±6.47 ng/mL, respectively  

(Syamyono et al. 2015).  
Other age-related studies in bucks have been reported in 

Shiba bucks by Hannan et al. (2017), who found no 

significant differences in testosterone concentrations 

between the period of early and late puberty. A sharp 

increase (P <0.01) was found during the post-pubertal 
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period (34-52 weeks) compared with the initial and late 

puberty period (<34 weeks). Meanwhile, previous studies 

on Anglo Nubian goats in semi-intensive farm systems, 

with 5 months and 9.5 months of age, had testosterone 

concentrations of2.7±1.4 ng/mL-1, 8.5±4.6 ng/mL-1, and 

2.2±2.2 ng/mL-1  (Souza et al. 2011). Furthermore, 

according to Hannan et al. (2017), and Hannan et al. 

(2019), the concentration of testosterone secreted in male 

animals is more volatile, so that individual variation factors 

become the main determinant of the concentration 
obtained. Therefore, it is necessary to conduct research 

using a larger sample number and repeat sample collections 

in the future. 

Libido 
Breed and age factors, as well as the interaction of the 

two factors, show no significant effect on libido (P> 0.05) 

(Table 3). Level of libido is not affected by breed and goat 

age. Likewise, there is no interaction between breed and 

age on libido. 

This study finds that libido levels are not significantly 

different (P> 0.05) across different breeds and ages. Libido 

levels in this study were similar to studies comparing levels 

between Kiko and Boer breeds, with no significant 

difference (P> 0.05)  (Ford Jr et al. 2009). Previous studies 

show that libido scores vary more among some animals  

(Rhen and Crews 2002; Younis et al. 2003; Ahmad et al. 

2005; Kondracki et al. 2013; Affandhy et al. 2018). 

Therefore, the libido levels obtained in this study indicate 

no significant differences based on breed. 
Effects of age group on libido in goats have not been 

widely reported. However, the effects of age Rehman et al. 

(2016) determined higher libido in adult bulls. This 

supports Petherick (2005), which found that libido 

expression is higher in adult bulls, although levels in bulls 

vary by breed. The libido score obtained in this study 

differs from other studies, possibly caused by differences in 

the libido measurement methods. 

 

 
Table 1. Adiponectin concentration (μg/mL)TR in Anglo Nubian bucks, Etawah grade and Anpera 
 

 
Age 

Mean 

Level of significance 

Breed 
Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian (n=4) 3.91±0.33b 5.39±0.20a 4.65±1.01B * ** ** 
Etawah grade (n=4) 2.88±0.08c 2.98±0.13c 2.93±0.21C       
Anpera (n=4) 5.85±0.24a 5.37±0.19a 5.61±0.96A       
Mean 4.21±0.87B 4.58±0.80A         

Note: TRtransformation data (x + 0.5)1/2; x = original data. *P<0.05. **P< 0.01. ABCDifferent superscripts in the same row of mean (age) 
and column of mean (breed) indicate significant differences among means (P<0.05). abcDifferent superscripts in the combination of age 

and breed indicate significant differences among means (P<0.01). 
 

 

 

Table 2. Testosterone concentration (ng/mL) in Anglo Nubian bucks, Etawah grade and Anpera 
 

Breed 

Age 

Mean 

Level of significance  

Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian (n=4) 16.24±1.03a 7.76±2.12b 12.00±2.70AB * * ** 
Etawah grade (n=4) 11.33±1.31b 6.98±0.58b 9.15±2.12B       
Anpera (n=4) 11.64±0.93a 15.37±2.56a 13.50±1.21A       
Rata-rata 13.07±1.59A 10.04±2.68B         

Note: *P<0.05. **P< 0.01. ABDifferent superscripts in the same row of mean (age) and column of mean (breed) indicate significant 
differences among means (P<0.05). bDifferent superscripts in the combination of age and breed indicate significant differences among 
means (P<0.01). 

 

 

 
Table 3. Libido (score)TR in Anglo Nubian bucks, Etawah grade and Anpera 
 

Breed 

Age 

Mean 

Level of significance  

Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian 3.18±0.06 3.15±0.04 3.16±0.05 ns ns ns 
Etawah grade 3.00±0.05 3.08±0.05 3.04±0.07       
Anpera 3.08±0.05 3.08±0.11 3.08±0.04       
Mean 3.09±0.05 3.10±0.02        

Note: TRtransformation data (x + 0.5)1/2; x = original data. ns = not significant. 
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Characteristics of semen 
Semen volume 

The characteristics of semen reported in this study 

consisted of semen volume, sperm motility, sperm 

morphology, and sperm concentration. Factors of breed, 

age, and age-breed interaction with semen volume show no 

significant difference (P> 0.05) (Table 4). 

This study determines that semen characteristics based 

on breed and age group, and age-breed interactions, were 

not significantly different among Anglo Nubian, Etawah 

grade and Anpera bucks (P> 0.05). In general, the 
characteristics of semen were similar to those reported by 

Elhammali et al. (2013) in crossbred bucks (Pure Nubian × 

Pure Saanen), and Syamyono et al. (2014) in Kejobong 

bucks. However, some studies report that male 

reproductive performance, in general, is influenced by 

factors such as management, age, nutrition and body 

weight  (Galina et al. 2007; Rehman et al. 2016).  

This study corroborates reports by Atara et al. (2018), 

who found the volume of semen in Surti bucks is higher in 

adults compared to young. Likewise, Suyadi (2012) finds 

semen volume does not differ between age groups of Boer 
bucks. 

 

Sperm motility 

Breed and age factors, as well as the interaction of the 

two factors, show no significant difference in affecting 

sperm motility (P> 0.05) (Table 5). 

The sperm motility found in this study shows no 

significant difference based on breed or age. Praharani and 

Sianturi (2014) found there were no significant differences 

in motility and morphology of sperm between breeds. 

Atara et al. (2018) determined effects of age on semen 

characteristics in Surti bucks. However, in Boer  (Suyadi 

2012), and Red Sokoto bucks  (Akpa et al. 2013), there 

were no such differences based on age. 
 

Sperm normal morphology  

Breed and age factors, as well as the interaction of these 

two factors, show no significant effect on the sperm normal 

morphology (P> 0.05) (Table 6). 

The sperm normal morphology found in this study 

shows no significant difference based on breed or age. 

Praharani and Sianturi (2014) find there are no significant 

differences between breeds regarding sperm morphology.  

 

Sperm concentration 
Breed and age factors, and the interaction of these two 

factors, show no significant effect on sperm concentration 

(P> 0.05) (Table 7). 

Sperm concentration in this study shows no significant 

difference between age groups and breed. Suyadi (2012) 

finds there are no significant differences in sperm 

concentrations based on buck age. In contrast, Atara et al. 

(2018) determined age-based differences on sperm 

concentration. 

Heterosis effect 

The heterosis effect obtained in this study was 

determined from the concentration of adiponectin, 
testosterone concentration, libido, semen volume, sperm 

motility, sperm normal morphology, and sperm 

concentration 48.05%, 27.68%, -0.61%, -1.93%, 0.49%, 

0.18%, and 0.00%, respectively (Table 8). 

Heterosis is a term used to measure crossbred 

performance compared to the average performance of 

parents  (Wakchaure et al. 2015). The effects of heterosis 

can be either positive or negative, and for reproductive 

performance generally, the effect of heterosis is negative  

(Cassady et al. 2002; Sutiyono et al. 2011).  
 

 

 
Table 4. Semen volume (ml)TR in Anglo Nubian bucks, Etawah grade and Anpera 
 

Breed 

Age 

Mean 

Level of significance  

Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian 1.11±0.05 1.14±0.04 1.13±0.02 ns ns ns 
Etawah grade 1.09±0.02 1.21±0.03 1.15±0.05    
Anpera 1.14±0.08 1.08±0.02 1.12±0.04    
Mean 1.11±0.02 1.14±0.04     

Note: TRtransformation data (x + 0.5)1/2; x = original data. ns = not significant. 
 

 

 

Table 5. Sperm motility (%) in Anglo Nubian bucks, Etawah grade and Anpera 
 

Breed 

Age 

Mean 

Level of significance  

Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian 76.00±1.27 73.50±1.87 74.75±1.25 ns ns ns 

Etawah grade 75.50±1.46 80.50±1.66 78.00±2.50    
Anpera 78.00±2.29 75.50±1.46 76.75±1.25    
Mean 76.50±0.76 76.50±2.08     

Note: ns = not significant. 
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Table 6. Sperm normal morphology (%) in Anglo Nubian bucks, Etawah grade and Anpera 
 

Breed 

Age 

Mean 

Level of significance  

Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian 94.42±2.57 98.66±0.38 96.54±2.12 ns ns ns 
Etawah grade 98.68±0.33 97.56±0.73 98.12±0.56    
Anpera 96.74±0.72 98.27±0.51 97.50±0.77    

Mean 96.61±1.23 98.16±0.32     

Note: ns = not significant 
 
 
Table 7. Sperm concentration (x109/mL)TR in Anglo Nubian bucks, Etawah grade and Anpera 
 

Breed 

Age 

Mean 

Level of significance  

Young 

 (18-24 months) 

Adult 

 (30-42 months) 
Age Breed Interaction 

Anglo Nubian 0.86±0.03 0.88±0.04 0.87±0.03 ns ns ns 
Etawah grade 0.99±0.13 0.89±0.06 0.94±0.05    
Anpera 0.92±0.10 0.89±0.06 0.91±0.04    
Mean 0.93±0.04 0.89±0.05     

Note: TRtransformation data (x + 0.5)1/2; x = original data. ns = not significant 
 
 
 
Table 8. The effect of heterosis (%) on adiponectin concentrations, and reproductive performance in Anpera buck 

 

Parameters 

Breed  
Heterosis effects  

 (%) 
Anglo Nubian 

 (n=4) 

Etawah grade 

 (n=4) 

Mean breed elder 

performance 

Anpera 

 (n=4) 

Adiponectin (μg/mL)TR 
Testosterone (ng/mL) 
Libido (score)TR 
Semen Volume (ml)TR 
Sperm motility (%) 

Sperm normal morphology (%) 
Sperm concentration (x109/mL)TR 

4.65±1.01 
12.00±2.70 
3.16±0.05 
1.13±0.02 

74.75±3.75 

96.54±1.83 
0.87±0.03 

2.93±0.21 
9.15±2.12 

3.04±0.07 
1.15±0.06 
78.00±1.47 

98.12±0.42 
0.94±0.05 

3.79±0.86 
10.58±1.43 
3.10±0.06 
1.14±0.01 
76.38±1.63 

97.33±0.33 
0.91±0.03 

5.61±0.96 
13.50±1.21 
3.08±0.04 
1.12±0.05 

76.75±0.75 

97.50±0.48 
0.91±0.04 

48.05 
27.68 
-0.61 
-1.93 
0.49 

0.18 
0.00 

Note: TRtransformation data (x + 0.5)1/2; x = original data 
 
 
 

Research by Mahal et al. (2013) and Mia et al. (2013) 

shows that goat semen characteristics such as semen 

volume, sperm motility, normal morphology of sperm and 

higher sperm concentration are influenced by non-genetic 

factors. Praharani and Sianturi (2014) found heterosis 

values in crossbred bucks for semen volume, sperm 

motility, sperm concentration and sperm abnormalities 

were 0.71%, 0.52%, 1.90% and 18.96%, respectively. 

Therefore, negative effects on reproductive performance in 
crossbred bucks are normal  (Cassady et al. 2002; Sutiyono 

et al. 2011). It also shows that reproductive performance, 

especially in goats, is less influenced by genetic factors 

than other factors, such as management and external 

environment. 

In sum, this study concludes that buck age, breed, and 

age-breed interactions affect adiponectin and testosterone 

concentration. In comparison, libido and semen 

characteristics show no significant differences based on 

breed and age group. Heterosis effects on the hormones 

adiponectin and testosterone are high, but low on libido and 

sperm morphology, motility, volume, and concentration. 
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