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 In this research, annual changes of melatonin, gonadotropin-releasing hormone, follicle 

stimulating hormone, luteinizing hormone, estrogen, testosterone and progesterone were 

studied on 6 heads of 1.5 years old female Angora goat. To determine hormones 

concentrations, blood samples were taken from jugular vein of each goat in every month 

for a year. The blood samples were centrifuged at 4000xg for 5 min. and serum was 

stored at -20°C until analyses time. Hormones analyses in the serum were performed by 

enzyme immunoassay (EIA) method. Monthly climatic values and photoperiod were 

obtained from the Turkish State Meteorological Service and temperature-humidity index 

was calculated with climatic values. In the study, in order to determine any possible 

differences in the observed hormones concentrations with respect to months, repeated 

measures ANOVA analysis was performed. As a result of statistical analysis, there were 

no significant differences among the months for gonadotropin-releasing hormone, follicle 

stimulating hormone and testosterone concentration, while significant differences were 

found among the months for melatonin, luteinizing hormone and progesterone, and 

estrogen concentration in female Angora goats. According the results of this study, could 

be concluded that the releases of reproductive hormones examined in female Angora 

goats was seasonally dependent. 
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Introduction 

Reproduction is the most important process in 

production of farm animals because of it forms the basis 

for production economically products such as meat, milk 

and fiber. Reproduction activity is seasonal in small 

ruminants raised at subtropical temperate and regions 

(Delgadillo et al., 1999). The most important 

environmental factor affecting the seasonal reproduction 

dependence in small ruminants is the annual change in 

day length (photoperiod). (Zarazaga et al., 2010; Fatet et 

al., 2011, Abecia et al., 2012).  

Photoperiodic control of female goat’s reproduction is 

achieved by the circadian rhythm release of melatonin 

hormone by the pineal gland. Gonadotropin-releasing 

hormone (Gn-RH) releases from the hypothalamus is 

induced by the increase in secretion of melatonin from the 

pineal gland and it causes the release of follicle 

stimulating hormone (FSH) and luteinizing hormone (LH) 

from the anterior lob of pituitary gland. FSH is functional 

in folliculogenesis and heat increasing the release of 

estrogen, while LH provides the ovulation. The seasonal 

dependence of reproductive hormones in female goats is 

not usually seen in male goats and their sperm production 

and libido functions continue throughout the year. (Hafez, 

1974; Chemineau et al., 1988; Chemineau et al., 1992; 

Malpaux et al., 1994). 

 

Determination of hormonal changes in farm animals 

reflects the animal physiological stages and provides 

important information about the production processes, 

such as reproduction, growth and lactation. Changes in 

the reproductive hormones concentrations in different 

physiological periods are among of the most important 

physiological parameters to determine the fertility status 

of female goats (Talebi et al., 2012).  

Mohair, used by textile industry as animal fiber, is 

produced only by Angora goats in the world. An effective 

and profitable mohair production depends of a good 

management of raising periods, such as mating, 

pregnancy, kidding, lactation, growth, feeding and 

shearing. The good management practice is directly 

related with the knowing and directing of the basic animal 

physiological parameters. Compared with other goat 

breeds, there are not enough studies on annual changes of 

reproductive hormones in Angora goats. Therefore, in this 

study changes in reproductive hormones were determined 

within a period of one year, including different 

physiological periods and relationship between these 

changes and seasonal factors, such as temperature-

humidity index and photoperiod was emphasized in 

female Angora goats. 
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Materials and Methods 

 

Experimental Animals, Location and Management 

This study was conducted on 6 heads young female 

Angora goat (1.5 years old) that mean weighing 

23.71±1.51 kg at the beginning of the experiment, for one 

year (from December of 2010 to November of 2011) at 

the Animal Husbandry Station (39°57'42.5'' north latitude, 

32°51'56.2'' east longitude) at the Ankara University, 

Faculty of Agriculture, Department of Animal Science. 

All the goats were clinically healthy and free from 

internal and external parasites. They were housed as 

single gender group in shaded outdoor pen except during 

mating period (September and October). Kiddings were 

occurred in March. Kids were kept together with their 

mother during lactation period and the goats were not 

milking during this period. The goats were fed with wheat 

straw, alfalfa hay, maize silage and grains concentrate (in 

some physiological periods). Fresh water was always 

available. Management of the experimental animals had 

not intervened in the general operation of the station. 

 

Blood Collection and Hormones Analyses 

The blood samples were taken regularly from the 

jugular vein of each goat into vacuum tubes without 

anticoagulant (VACUETTE
®
 TUBE 9 ml Z Serum Clot 

Activator) in every month during one whole year. The 

blood samples were centrifuged at 4000xg for 5 min and 

the serum was stored at -20°C until analyses time. 

Melatonin, Gn-RH, FSH, LH and estrogen (Cusabio, 

China), and testosterone and progesterone (DRG, USA) 

hormones were determined in the blood serum using 

commercial ELISA kits. The minimum detectable 

concentrations were 1.56 pg/ml, 1.25 pg/ml, 20 µIU/ml, 

0.12 µIU/ml, 20 pg/ml, 0.083 ng/ml, and 0.045 ng/ml for 

melatonin, Gn-RH, FSH, LH, estrogen, testosterone and 

progesterone hormones, respectively. 

 

Climatic Values, Temperature-Humidity Index (THI) 

and Photoperiod 

Climatic values and photoperiod were obtained from 

the Turkish State Meteorological Service (TSMS, 2011) 

in order to estimate the severity of heat stress during the 

experimental period. Temperature-humidity index (THI) 

were calculated using the equation below reported by 

Marai et al. (2001) for sheep and goats (Marai et al. 

2007). Average for climatic values, THI and photoperiod 

are shown in Table 1. 

 

“THI=db°C − {(0.31 − 0.31 RH/100) (db°C − 14.4)}” 

 

Where db°C is the dry bulb temperature (°C) and RH 

is the relative humidity (RH%)/100. The values obtained 

indicate the following: <22.2 = absence of heat stress; 

22.2 to <23.3 = moderate heat stress: 23.3 to <25.6 = 

severe heat stress and 25.6 and more = extreme severe 

heat stress (Marai et al. 2007). 

 

Statistical Analysis 

In the study, in order to determine any possible 

differences in the observed hormones concentrations with 

respect to months, repeated measures ANOVA analysis 

was performed. Duncan multiple comparison test was 

utilized to determine the differences among months. The 

SPSS18 and MSTAT-C statistical software programs 

were used for the variance analysis and Duncan multiple 

comparison tests, respectively (Gürbüz et al., 2003). 

 

Results 

 

In this research, the average of monthly values for 

serum melatonin, Gn-RH, FSH, LH, estrogen, 

testosterone and progesterone hormones concentration on 

female Angora goat are showed in Table 2. As a result of 

statistical analysis, there were no significant differences 

among the months for Gn-RH, FSH and testosterone 

concentrations (P>0.05), while significant differences 

were found among the months for melatonin, LH, 

progesterone (P<0.01), and estrogen (P<0.05) 

concentrations in blood serum of Angora goats. 

The THI level is the lowest in February, a continuous 

increase was observed from this point and reached its 

highest level in August, while it showed a gradual 

decrease from August to January (Figure 1). Photoperiod 

showed similar trend with THI, however it increased from 

December to June and decreased from June.  

 

 

Table 1 Average climatic values, THI and photoperiod during the experimental period 

Months Average temperature (°C) Average humidity (%) THI Photoperiod (hour:min) 

December 11.4 75.3 11.63 9:40 

January 0.2 67.3 1.64 9:45 

February -0.3 67.6 1.18 10:37 

March 5.4 87.5 5.75 11:56 

April 9.7 58.3 10.31 13:10 

May 9.4 52.8 10.13 14:16 

June 20.8 53.6 19.88 14:40 

July 22.8 52.1 21.55 14:33 

August 29.1 43.9 26.54 13:38 

September 21.8 45.9 20.56 12:23 

October 11.8 55.7 12.16 11:18 

November 5.9 71.9 6.64 10:12 
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Table 2 Average of monthly concentrations of serum melatonin, GnRH, FSH, LH, estrogen, testosterone, and 

progesterone hormones on female Angora goat (�̅� ± 𝑆𝑋). 

Months 
Melatonin 

(pg/ml) 

GnRH 

(pg/ml) 

FSH 

(µIU/ml) 

LH 

(µIU/ml) 

Estrogen 

(pg/ml) 

Testosterone 

(ng/ml) 

Progesterone 

(ng/ml) 

December 9.25±0.84
b
 10.44±1.47 243.00±28.90 13.91±5.61

a
 126.70±16.40

c
 0.17±0.02 18.34±4.22

a
 

January 9.35±0.93
b
 10.29±0.97 237.30±12.90 12.00±2.59

ab
 128.80±10.60

bc
 0.16±0.03 18.52±2.92

a
 

February 11.85±0.94
a
 9.91±1.12 232.30±17.80 9.07±1.85

abc
 129.20±14.50

c
 0.17±0.03 10.56±1.48

b
 

March 11.58±1.24
a
 10.61±1.62 249.00±33.70 7.25±1.67

bcd
 208.50±35.00

a
 0.23±0.04 5.03±2.24

c
 

April 10.00±0.98
ab

 9.25±1.36 221.50±31.00 3.36±1.06
cd

 142.30±25.30
bc

 0.17±0.03 1.30±0.17
c
 

May 7.80±0.28
bc

 7.63±0.07 233.80±23.10 2.20±0.19
d
 156.20±19.10

abc
 0.14±0.02 1.09±0.01

c
 

June 7.74±0.25
bc

 8.41±0.40 205.50±18.00 3.04±0.38
d
 160.17±9.93

abc
 0.15±0.03 1.11±0.03

c
 

July 6.90±0.37
c
 9.03±0.78 210.70±22.10 2.67±0.46

d
 148.80±20.80

bc
 0.25±0.05 1.11±0.02

c
 

August 6.62±0.35
c
 8.16±0.39 245.00±41.90 2.49±0.35

d
 144.80±21.50

bc
 0.15±0.03 1.10±0.01

c
 

September 6.77±0.41
c
 8.88±0.65 291.30±31.60 2.24±0.17

d
 196.70±20.20

ab
 0.13±0.01 1.09±0.01

c
 

October 8.24±0.30
bc

 7.67±0.23 237.20±14.90 2.64±0.12
d
 155.30±17.30

abc
 0.16±0.02 1.12±0.02

c
 

November 8.48±0.80
bc

 8.18±0.29 208.20±16.40 4.93±1.26
cd

 112.20±17.70
c
 0.13±0.01 4.03±1.69

c
 

P value 0.000 0.155 0.541 0.000 0.022 0.072 0.000 

 
The melatonin concentration increased (P<0.01) from 

December to February and it decreased (P<0.01) 
gradually from February to August and then increased 
again from this month. The Gn-RH concentration linearly 
decreased from December to May, except for a peak 
concentration in March. After May had a slight increase 
until July and there was a fluctuation from July to 
November in Gn-RH concentration. Was observed a 
fluctuation from December to June in FSH concentration 
and from July there was a sharp increase until September. 
From September to November decreased FSH 
concentration. 

LH concentration showed a dramatic decline (P<0.01) 
from December to May, reaching the lowest 
concentration, and it increased from May to October and a 
sharp increase occurred from October to December 
(Figure 2). The serum estrogen and testosterone 
concentration generally fluctuated throughout the year, 
except for two high concentrations in March and 
September (P<0.01) and March and July, respectively. 
Serum progesterone concentration were higher between 
December and January, but decreased significantly 
(P<0.01) from January to April and these values followed 
an almost constant trend between April and October, and 
a sharp increase occurred after October.   

 

Discussion 

 
The onset and length of the mating season in goats is 

dependent of several factors, such as latitude, climate, 
breed, physiological stage, presence of a male, nutritional 
status, management system, and photoperiod. However, 
the main environmental factor affecting seasonal 
reproduction in goats is the photoperiod (Dellal and 
Cedden, 2002; Fatet et al., 2011). Seasonality is observed 
in most breeds of goats raised from high latitudes (>35

◦
), 

in some local breeds from subtropical latitudes (25–35
◦
), 

and in temperate regions the mating period is observed in 
the fall and winter seasons (Chemineau et al., 1992; Fatet 
et al., 2011; González-Flores et al., 2017). Similarly, the 
breeding season of Angora goats raised in Ankara, 
Turkey, varies between September and November 
(Özdemir, 2009). Thus, melatonin concentration starts to 

increase from the beginning of the breeding season and its 
concentration decreases towards the end of the breeding 
season (Figure 1). The reproductive photoperiod control 
patterns are mediated through circadian rhythmic 
secretions of melatonin by the pineal gland during 
darkness periods (Alila-Johansson et al., 2001; Fatet et al., 
2011; González-Flores et al., 2017). Indeed, the melatonin 
concentration detected in this study was increased 
dramatically during the gestation period (the darkest 
period) and had started decreasing in kidding period and 
had reached the lowest concentration in the end of the 
lactation period. Data related to melatonin hormone 
observed in this study are in harmony with the findings 
obtained in sheep and goat breeds (Dicks, 1994; Gebbie et 
al., 1994; Malpaux et al., 1994; Gebbie et al., 1999; Fatet 
et al., 2011; Bartlewski et al., 2011). 

The majority of female sheep and goat breeds that are 
being raised in the northern and southern hemispheres, a 
seasonal anestrus has been shown in the period from birth 
to mating seasons generally includes spring and summer 
(Fatet et al., 2011). Seasonal anestrus also includes 
anestrus processes linked to lactation and postpartum 
(Dellal and Cedden 2002; González-Flores et al., 2017). 
Indeed, no significant difference was observed in the 
seasonal anestrus period in terms of the hormonal results 
obtained in this study. The main differences occurred 
from the beginning of the mating period and the end of 
the kidding period. As a matter of fact, concentrations of 
Gn-RH, FSH and LH in the reproductive season 
determined in this study were found to be higher than 
concentrations in seasonal anestrus period. In goats, as 
well as in sheep and deer, the hypothalamus secretion of 
the Gn-RH begins to increase before the onset of the 
mating season. Increased Gn-RH concentration is caused 
due FSH and LH release from the anterior lob of pituitary 
gland, which is needed for follicular development and for 
the onset of ovulation. Similar findings regarding the Gn-
RH, FSH, and LH concentrations were also obtained from 
researches performed in different goat breeds (Hafez, 
1974; Bono et al., 1983; Chemineau et al., 1988; 
Chemineau et al., 1992; Malpaux et al., 1994; Błaszczyk 
et al., 2004). 
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Figure 1 Annual profile of the THI and photoperiod, melatonin, GnRH, and FSH hormones concentration on female Angora goat. 

 

 

 

  

  
Figure 2 Annual profile of the LH, estrogen, testosterone, and progesterone hormones concentration on female Angora goat. 
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Estrogen is a steroidal hormone produced by graff 

cells in the follicles on females of mammalian animals. 

The essential function of the estrogen in females is on the 

reproductive canals and mammary glands, and in these 

organs, it stimulates the growth and proliferation of the 

cells and provides the development and continuity of 

female sexual characteristics (Hafez, 1974; Yılmaz, 

1999). Indeed, the findings related to the annual change in 

estrogen hormone obtained this study support these 

functions. As a matter of fact, two peak of estrogen 

concentrations were observed in this study. The first high 

estrogen concentration was seen in March that is the last 

month of pregnancy. Mammary gland in goats has the 

maximum development during the last month of 

pregnancy (Anderson et al., 1981). Therefore, the 

maximum concentration of estrogen in March is due the 

development of the mammary gland in the goats. The 

other peak of estrogen concentration in female goats was 

observed in September. September is the beginning of the 

mating season for female Angora goats (Özdemir, 2009). 

Estrogen is the main hormone that acts in the appearance 

of behavioral heat in female mammalians. And also, all 

trends of change in estrogen in this study are in harmony 

with the findings from other studies on Angora and other 

goat breeds (Bono et al., 1983; Alaçam et al., 1999; 

Blaszczyk et al., 2004; Khanum et al., 2008; Talebi et al., 

2012).  

In female mammals, testosterone is secreted by the 

ovaries and adrenals and it can promote female sexual 

behavior (Hafez, 1974; Yılmaz, 1999; González-Flores et 

al., 2017). Although there was no significant difference 

the testosterone concentration observed in this study, 

there were two high concentrations, one in the kidding 

period and another before the mating season. In general, 

the trend of the testosterone is similar to that of the 

estrogen. Because, testosterone act as precursor for 

estrogen synthesis in the granulosa cells in females 

(Sanderson 2006). However, were not find another study 

conducted in female goats to compare these results 

obtained from female Angora goats. 

The main role of progesterone in female goats is to 

continue their pregnancy (Hafez, 1974; Yılmaz, 1999). 

Alaçam et al., (1999) reported that the preservation and 

maintenance of pregnancy in goats was carried out 

entirely by the progesterone released from the corpus 

luteum, unlike of other ruminants. As a matter of fact, 

findings obtained from this study support this. When 

Figure 1 is examined, the progesterone concentrations in 

female goats increase until the first half of pregnancy and 

then its concentration was decreased rapidly and has 

reached basal level after kidding. Similar results were 

obtained in other studies conducted to determine the 

progesterone concentration in goats during pregnancy 

(Bono et al., 1983; Kadzere et al., 1997; Gaafar et al., 

2005; Khanum et al., 2008; Sogerescu et al., 2012; Talebi 

et al., 2012). 
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