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Introduction 
 

The determination of puberty onset in buffalo 

heifers is essential for their inclusion in 

breeding programs and optimization of 

reproduction in this animal species. The age 

of puberty differs and is influenced by a 

 

 

 

 

 

 

 

 

 

 

 

 

number of factors – climatic and geographical 

region, breed, season of birth, feeding etc. 

(Peeva et al., 1993; Borghese et al., 1996; 

Terzano et al., 1997; Campanile et al., 2001; 

Singh et al., 2010; Roy et al., 2016).  
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The aim of the present research was to evaluate the potential of blood progesterone (P4) 

analysis for determination of puberty onset in Bulgarian Murrah buffalo heifers. The 

experiment was conducted with 13 clinically healthy buffalo heifers from the Bulgarian 

Murrah breed, at 9 to 20 months of age. Blood samples were collected from all animals 

and progesterone concentrations were assayed through a commercial ELISA. The time 

course of blood progesterone was monitored in ascending age order and the correlation 

between both parameters was evaluated. On the basis of hormonal analysis data, the 

animals were divided into two groups: non-cycling (P4 < 1 ng/ml) and cycling (P4 > 1 

ng/ml). The percentages of cycling, resp. non-cycling heifers, the average age and mean 

blood progesterone concentrations in the groups were calculated. Data were statistically 

analysed. The earliest age at which blood progesterone accepted as threshold value for 

cycling buffalo heifers was measured, was 11 months. There was a tendency towards 

increase in the average age of cycling vs. that of non-cycling buffalo heifers with 

statistically significant difference (P<0.001) between progesterone concentrations in the 

two groups. The analysis of results demonstrated that the assay of blood progesterone 

concentrations in Bulgarian Murrah buffalo heifers could be used for detection of puberty 

onset. Blood hormonal concentrations were lower than 0.71±0.24 ng/ml and higher than 

1.23±0.16 ng/ml in animals having attained 20 months of age could be assumed as a sign 

for lack or presence of ovarian activity, respectively. The presented results could 

contribute to the body of knowledge on endocrine changes of the studied buffalo breed 

during the prepubertal period and the time of sexual maturity onset.  
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According to Jainudeen and Hafez (1993) 

river buffaloes exhibit first estrus at 15-18 

months of age, while swamp buffaloes 

manifest the first signs of estrus at 21-24 

months of age. The studies of different 

researchers provide proofs for significant 

variations in the time of puberty onset from 

9.9 months in Egyptian buffalo heifers 

(Mohamed et al.,1980), 18 months of age in 

Brazilian buffaloes (Okuda et al., 1999), 20.7 

months in Mediterranean Italian buffaloes  

(Borghese et al., 1994) up to 45.5 months in 

the Surti breed (Sule et al., 2001).  

 

According to Peeva et al. (1993) the onset and 

course of puberty in buffalo heifers are not 

completely elucidated as available data are 

mostly based on visual observations without 

taking consideration for the endocrinological 

status of animals. This, however, results in 

erroneous evaluations due to the numerous 

factors known to inhibit the expression of 

estrous behaviour. On the basis of 

observations, the first estrus in local 

Bulgarian buffalo heifers is registered at 21 

months of age, while RIA blood progesterone 

(P4) analysis in Murrah and its crosses with 

Bulgarian buffaloes indicate 19.9 months of 

age as puberty onset. The synopsis of the 

various reports related to puberty onset in 

buffalo heifers made by Kanchev et al., 

(2010) affirmed that the puberty in Murrah 

buffaloes begins at 14.4 months of age, while 

in primitive breeds – at 35.6 months of age. 

Baychev (2008) discussed the effect of season 

of birth of buffalo heifers on puberty onset 

and reported that animals born in the spring 

attained puberty for 404.3 ±3.9 days, while 

those born in the autumn need 543.2± 19.5 

days. 

 

In the major part of cases, the onset of 

puberty is determined retrospectively, on the 

basis of first calving date (Borghese, 2005), 

which does not always indicate accurately the 

exact time of the first estrus. Singh et al. 

(2010) reported that some buffalo heifers 

could remain anestrous for a long time, even 

when they have attained the puberty age for 

the breed if the first estrus is anovulatory or 

the subsequent follicular development is not 

adequate. Several recent studies (Humblot et 

al., 2010; Duittoz et al., 2016; Perry, 2016) 

demonstrate a strong relationship between the 

environmental changes and the onset and 

course of puberty in both animals and 

humans.  

 

The aim of the present research was to 

evaluate the potential of blood progesterone 

analysis for determination of puberty onset in 

Bulgarian Murrah buffalo heifers.  

 

Materials and Methods 

 

Thirteen clinically healthy female buffalo 

heifers from the Bulgarian Murrah breed, 

aged from 9 to 20 months, with average live 

weight 250±12 kg were included in the 

experiment. They were reared in free stalls, 

fed concentrate with roughage and had a free 

access to water.     

 

Blood samples for progesterone analysis were 

obtained from V. jugularis of previously 

restrained animals. Immediately after the 

collection, blood was centrifuged at 3000 rpm 

for 15 min and separated sera were stored in 

sterile tubes at -18 
0
С until analysis. 

Hormonal concentrations were assays with a 

commercial Progesterone ELISA Kit 

(Monobind Inc, Lake Forest USA) with 

analytical sensitivity of 0.105 ng/ml and 

coefficients of variation <10%. Progesterone 

levels of individual samples were measured in 

triplicate and mean arithmetic value of the 

three measurements was retained as final 

value.  

 

The dynamics of blood progesterone was 

monitored in ascending age order and the 

correlation between both parameters was 
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evaluated.  On the basis of hormonal analysis 

data, the animals were divided into two 

groups: non-cycling (P4 < 1 ng/ml) and 

cycling (P4 > 1 ng/ml) (Terzano et al., 2007). 

The percentages of cycling, resp. non-cycling 

heifers, the average age and mean blood 

progesterone concentrations in the groups 

were calculated.  

 

Data were analysed using statistical software 

Statistica version 7.0 (Stat-Soft 1984-2000 

Inc., Tulsa, OK, USA).  

 

The effects of the different factors on blood 

progesterone concentrations were evaluated 

through correlation analysis and analysis of 

variance (ANOVA), and means between the 

groups were compared through the post hoc 

LSD test. The level of significance was set at 

P<0.05. 

 

Results and Discussion 
 

The contradictory information about the time 

of puberty onset in buffalo heifers on the 

basis of first estrus expression and first 

calving date presumes the implementation of 

more accurate methods for detection of the 

sexual maturity beginning (Borghese, 2005; 

Duittoz et al., 2016). Some authors (Jain and 

Pandey, 1983; Zaabel et al., 1994; Singh and 

Madan, 1998; Terzano et al., 2007) have used 

for that purpose blood progesterone 

concentrations while others (Haldar and 

Prakash, 2005; Abu-Seida, 2016) identify 

puberty onset after ultrasound detection of 

yellow body in one of ovaries as well. Zaabel 

et al. (1994) measured blood progesterone 

levels in Egyptian buffaloes through a RIA 

method and reported that prior to puberty (12-

14 months of age), they were < 1 ng/ml. A 

similar threshold values was suggested by 

Terzano et al. (2007), whereas Jain and 

Pandey establishing cyclicity in 30-month-old 

Indian Murrah buffalo heifers when their 

blood progesterone was 0.80±0.11 ng/ml. 

The data from blood hormonal analysis of 

Bulgarian Murrah heifers demonstrated a 

tendency (R=0.41) to increased progesterone 

concentrations as age advanced (Fig. 1). For 

the first time, a progesterone value over the 

set threshold was established at 11 months of 

age. This finding agreed with the reports of 

Mohamed et al. (1980) for puberty onset in 

buffalo heifers as early as 9.9 months of age 

and of Zaabel et al. (1994), who observed 

increased progesterone levels between the 12
th

 

– 14
th

 month of life. The reduced 

progesterone levels in three of animals having 

attained 13 months of age showed that they 

were not always a factor indicating the start of 

cyclicity. In our view, a possible cause for the 

low concentrations of the assayed hormone 

could be the lack or the weak ovarian activity 

despite that the animal was already 13-months 

old. Similar anestrous states accompanied 

with low blood progesterone (< 0.80 ng/ml) 

were also reported by Jain and Pandey (1983) 

and Hassan (2005) for prolonged periods after 

the birth.  

 

Another reason could be the collection of 

blood sample from the cycling heifer in the 

periestrous period when blood P4 is low or an 

inadequate function of the yellow body, 

specific for the first few cycles of sexually 

immature animals. In support of this 

hypothesis, the analysis of Mondal et al. 

(2010) demonstrated that blood progesterone 

levels during the periestrous period varied 

from 0.30±0.06 ng/ml to 0.47±0.07 ng/ml, 

attaining 1.94±0.03 ng/ml in the mid-luteal 

stage.  

 

The division of buffalo heifers into cycling 

and non-cycling on the basis of blood 

progesterone showed a tendency towards 

increase of the average age (14.2±3.5 months) 

of cycling vs that of non-cycling heifers 

лената (10.9±1.7 months) (Tabl. 1). The 

established statistically significant difference 

(P<0.01) between progesterone 
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concentrations in the two groups was in line 

with other research reports (Jain and 

Pandey,1983; Zaabel et al., 1994; Singh and 

Madan, 2000; Terzano et al., 2007), affirming 

that non-cycling animals had low blood 

concentrations of the studied hormone while 

those having exhibited ovarian activity had 

higher blood progesterone values. 

 

The registered mean blood progesterone of 

0.71±0.24 ng/ml could be assumed as a sign 

of absence of cyclicity in Bulgarian Murrah 

buffalo heifers. This suggestion is further 

confirmed by the findings showing that until 

10.5 months of age, blood P4 did not exceed 

0.84 ng/ml. According to Jain and Pandey 

(1983) blood progesterone in non-cycling 

Indian buffaloes varied from  0.27±0.07 to 

0.61±0.15 ng/ml from birth to 30 months of 

age, while in non-cycling it was 0.80±0.11 

ng/ml on the average. Low P4 concentrations 

(0.32±0.06 ng/ml) were reported by Singh 

and Madan (2000) in 32-month-old non-

cycling Indian Murrah buffalo heifers, and at 

the same time cycling animals had blood 

progesterone of 2.24±0.25 ng/ml during the 

luteal stage. In Mediterranean Italian buffalo 

heifers, Terzano et al. (2007) measured 

average blood progesterone of 0.42±0.19 

ng/ml prior to puberty onset.  

 

Table.1 Percentage distribution, mean age and progesterone concentrations in buffalo heifers 

classified as non-cycling and cycling on the basis of blood progesterone analysis. 

 

Group 

 

Parameters 

% 
Age, months P4 ng/ml 

Mean±SD Mean±SD 

Non-cycling (n=6) 46.2 10.9±1.7 0.71±0.24
a
 

Cycling (n=7) 53.8 14.2±3.5 1.23±0.16
b
 

                    The values within a column with different superscripts differed significantly at P<0.01. 

 

Fig.1 Time course of individual blood progesterone concentrations related  

to the age of buffalo heifers    
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The higher average hormonal concentrations 

in non-cycling Bulgarian Murrah heifers than 

values from other reports could be attributed 

to breed-related differences, geographical 

location, seasonal influences, effect of rearing 

technology and the hormonal assay (Terzano 

et al., 2012). Regardless of all these 

discrepancies, all aforementioned data 

substantiate the chosen threshold value of 1 

ng/ml for classification of animals in the 

respective groups.  

 

The presented results indicated that blood 

progesterone concentrations lower than 

0.71±0.24 ng/ml in Bulgarian Murrah buffalo 

heifers at average age 14.2±3.5 months could 

be associated to the lack of cyclic sexual 

activity. To avoid he diagnostic error (animals 

in the periestrous period or such with 

inadequate luteal function), a repeated 

analysis after 7 to 10 days is required. An 

indication of puberty onset on the basis of 

blood progesterone analysis in animals at the 

aforementioned age could be the occurrence 

of concentrations over 1.23±0.16 ng/ml. In 

support of this thesis, numerous researchers 

(Haldar and Prakash, 2005; Singh and Madan, 

1998; Terzano et al., 2007) reported that in 

sexually immature buffalo heifers blood 

progesterone remained lower than 1 ng/ml, 

and puberty can occur at a very early age, 9.9 

months (Mohamed et al., 1980) or at 12-14 

months of age (Zaabel et al., 1994) and was 

accompanied with ovarian activity.  

 

In conclusion, the assay of blood progesterone 

concentrations through ELISA in Bulgarian 

Murrah buffalo heifers could serve to detect 

the onset of puberty. Hormonal 

concentrations lower than 0.71±0.24 ng/ml 

and higher than 1.23±0.16 ng/ml in animals 

having reached 20 months of age could be 

accepted as indicating absence or presence of 

ovarian activity, respectively. The presented 

results could contribute to the body of 

knowledge on endocrine changes of the 

studied buffalo breed during the prepubertal 

period and the time of sexual maturity onset.   
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