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ABSTRACT - The incidence of estrus in nulliparous Santa Inês (n = 16), Texel (n = 16) and Ile de France (n = 15) ewes 
fed two levels of crude protein (CP, 12 or 16%) was monitored from July 2005 to December 2006, and seasonality in the Santa 
Inês breed in the south of Brazil was characterized. The solar radiation data were recorded daily, and samples of blood were 
collected biweekly for determination of the plasma concentration of progesterone in Santa Inês lambs at, on average, 11±1 
months of age. The female Santa Inês lambs, in the experimental period, stayed among teaser rams with a powdered-dye-ink 
mixture placed on their chest to mark the females that accepted to be mounted. Santa Inês ewes did not manifest estrus in the 
first fortnight of November and in December 2005, nor in the last fortnight of December 2006. Estrus activity was not observed
on any of the three breeds in October 2006. Breeds differed at the level of 12% CP. Santa Inês and Ile de France females did 
not differ as for the probability estrus manifestation and both presented higher probabilities then Texel. When the effect of 12 
or 16% CP on each breed was evaluated separately, it was verified that levels of 12 or 16% of crude protein did not change
the probability of estrus manifestation in any of the studied breeds. The concentration of plasma progesterone in Santa Inês 
ewes during the spring of 2005 and 2006 indicated that there is difference between 12% CP (0.68±1.32 ng/mL) and 16% CP 
(1.28±1.99 ng/mL) and between the years 2005 (0.39±0.78 ng/mL) and 2006 (1.47±2.08 ng/mL), demonstrating the anestrous 
seasonality of Santa Inês in South Brazil. 
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Introduction

Sheep are classified as seasonal polyestrous animals,
characterized by presenting defined reproductive seasons,
manifesting estrous on days of decreasing photoperiod 
(Goldman, 1999).

Latitude is one of the most important factors in the 
variation of light, as can be observed in the summer 
and winter solstices, and sheep also tend to manifest 
estrus throughout the entire year when near the Equator 
(Galina et al., 1996).

In the Brazilian northeast, there is a greater 
concentration of woolless ewes, which manifest estrus 
year round (Silva et al., 1987), while in the south and 
southeast of Brazil, there are wool and woolless sheep and 
various degrees of seasonality (Roda et al., 1993).

The fact that Santa Inês ewes are fertile all year long 
has drawn the attention of technicians and producers, 
generating a strong move of migration of animals of this 

breed to several regions of Brazil, including the south and 
southeast. However, the behavior of animals brought from 
low to high latitudes has not yet been studied in detail, and 
the first studies demonstrate that change of photoperiod
had no effect on the cyclic behavior of Santa Inês ewes. 
Sasa (2006) reports that despite being considered annual 
polyestrous animals, Santa Inês present periods (although 
short) of reproductive seasonality.

Nutrition also plays an important role in sheep 
reproduction traits, such as age at puberty, fertility, ovulation 
rate, embryo survival and production of spermatozoa 
(Rhind, 1992; Robinson, 1996), and protein is the second 
most important ingredient that makes up diets.

The present study was developed to verify the 
frequency of manifestation of estrus and the effect of 
crude protein levels in the diet of Santa Inês, Texel and 
Ile de France ewes and to characterize the existence of 
seasonal periods in female Santa Inês sheep in the south 
region of Brazil.
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Material and Methods

The experiment was carried out at Centro de Pesquisa 
do Arenito da Universidade Estadual de Maringá (UEM), 
in the municipality of Cidade Gaúcha/PR, Brazil, located at 
23º25' South latitude, 51º55' West longitude and 554.9 m  
altitude. The climate is a predominant mesothermal 
subtropical humid type with hot summers, infrequent frosts, 
with tendencies of concentration of rain in the summer 
months, and a Red-Yellow Podzolic soil of medium texture 
(Corrêa, 1996). The experiment was carried out from July 
2005 to December 2006. Solar radiation was obtained by 
a local micro-meteorological station, presenting average 
848.65 w.m−2 in the winter, 1,133.75 w.m−2 in the spring, 
1,197.83 w.m−2 in the fall and 1,096.83 w.m−2 in the summer.

Forty-seven nulliparous ewes at initial age of 
approximately 11±1 months and 29±1 months at the end 
of the experimental periods, with average initial weights 
of 38.2±1.7; 40.1±1.9; and 51.4±1.15 kg, and average final
weights of 44±1.4; 49±2.0; 66±1.4 kg, of the Santa Inês 
(n = 16), Texel (n = 16) and Ile de France (n = 15) breeds, 
respectively, were used for the experiment. Animals were 
randomly divided in breeds and distributed in a group with 
a diet containing 12 or 16% of crude protein (CP).

The diets with 12% or 16% CP were formulated 
according to the NRC (1985), containing 60% TDN, and 
dry matter intake was estimated at 25 g/kg body weight.

Ewes were kept from 09h00 to 17h00 in three paddocks 
of 1 ha each, formed with Aruana grass (Panicum maximum 
cv. IZ-5) pasture, in a monthly-rotation system, containing 
25.6 g crude protein/kg.

From 07h30 to 09h00, the animals on the diet with 
12% CP received 230 g soybean meal, and those fed the 
diet with 16% CP received 350 g of it. In late afternoon, 
the ewes fed the diet with 12% CP were also fed 180% of 
cassava starch residue (DM) at the proportion of 14% of the 
total diet in the dry matter (DM). Mineral salt Ovinophos 
(Tortuga®) was offered ad libitum in troughs located within 
the facility. The guarantee levels of the salt are: 147 g Na; 
120 Ca+;87 g P-;18 g S; 3,800 mg Zn; 1,800 mg Fe; 1,300 mg Mn; 
1,300 mg monensin sodium;870 g F; 590 mg Cu; 300 mg Mb; 
80 mg I; 40 mg Co; 20 mg Cr; and 15 mg Se.

Ewes were wormed and vaccinated against clostridial 
diseases thirty days prior to the beginning of data 
collection and weighed monthly to adjust the quantity 
of feed supplied so as to meet the proposed nutritional 
levels. Endoparasite infection was monitored biweekly by 
counting the eggs per gram of feces (EPG), and worming 
the animals when they reached counts above 1000 EPG 
(Lourenço, 2006).

In the experimental period, females remained with 
vasectomized teaser rams with reduced internal preputial 
diameter (Aanes & Rupp, 1984). The teaser rams were 
daily impregnated with a mixture of powdered dye ink and 
mutton tallow so facilitate the identification of the females
that would accept mounting. The females marked by the 
teasers were identified and the dates of estrus manifestation
were recorded.

Blood samples of ewes were collected biweekly 
to determine the plasma progesterone concentration. 
Samples were obtained by venipuncture of the jugular 
vein with a 40 × 12 mm needle (Becton & Dickinson, 
United Kingdom). The blood was collected in sterile test 
tubes containing EDTA. Immediately after collection, test 
tubes were conditioned in an isothermal container with ice. 
Samples were taken to the laboratory and centrifuged at 
4,444 x g (LS Lodgen – model DES16/RV) per minute for 
10 minutes, and the plasma was separated and conditioned 
in 2 mL Eppendorf tubes, which were frozen at −20 ºC.

At the end of the phase of data and sample collection, 
blood plasma samples were analyzed for determination of 
the progesterone concentration by the radioimmunoassay 
method (RIE), using Progesterone Coat-A-Count® RIA Kit. 
The average intra- and inter-assay coefficients of variation
obtained were 2.63 and 1.76%, respectively.

The statistical analyses of the data of frequency of 
estrus were performed through the Bayesian procedure. 
It was considered that the observations follow a logistic 
distribution, i.e., a model of random effects with logistic 
link function. Considering the probability of estrus of 
animal i at occasion j, represented by θij, the function of Yij 
probability will be given by:

.

When considering a logistic link function, generally tj, 
the probability of estrus will be given by:

,

so that
logit (θij)  = αij + βijtj 

,
where αij = αI random effect of individual i for any occasion; 
and βij=βi: regression coefficients of individual i for any 
occasion. 

Biologically, parameters α and β represent for the 
animal, respectively, the onset and evolution of the estrus 
phenomenon.

For the Bayesian modeling, a priori normal distributions 
were considered for α and β, so that: αi ∼ N (0, σ2

α) and 
βi ∼ N (0, σ2

β), assuming a hierarchical structure, where 
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hyperparameters σ2
α and σ2

β are obtained by precision 
τ, ( σ = 1/ ), obtained by a noninformative a priori 
Gamma distribution: τ ∼ Gama (10−3,10−3), which are 
values that characterize a vague distribution, according to 
the parameterization of the software utilized - WinBUGS, 
from Spiegelhalter et al. (1995).

For the comparisons between the parameters of 
the curves between breeds, considering a specific 
diet, for each parameter, 30,000 values were generated 
with procedure MCMC (Monte Carlo Markov Chain), 
considering a sampling-discard period of 1,000 initial 
values. The final sample taken with jumps of 5 generated 
values had one taken to belong to the sample, which 
contains 5,800 generated values. For the comparisons 
between the curve parameters between diets, considering 
a specific breed, for each parameter, 200,000 values were 
generated, considering a sampling-discard period of 
1,000 initial values. The final sample taken with jumps of 
5 contains 39,800 generated values. The convergence of 
chains was verified by software CODA (Best et al., 1995), 
by the criteria of Geweke (1992) and of Heidelberger & 
Welch (1983).

The symmetry of conditional marginal distributions of 
the parameters of interest of each animal was observed, to 
choose for the a posteriori mean or median, so the overall 
mean of the statistics was calculated in order to present 
a single curve for each studied group α = mean (αi) and 
β = mean (βi), thus the mean curve is given by:

logit(θj) = α + βtj 
By the contrasts between the a posteriori distribution 

of the parameters of the mean curves in the analyzed 
groups, it was verified, at level α = 5%, if there were 
significant differences. If the zero value "0" is not within
the Credible Interval (percentages of 2.5% and 97.5%) 
of contrast ∆, ICr[∆,(1-α)%], the difference between the 
parameters analyzed is verified.

For the statistical analyses of the plasma progesterone 
concentration, the software utilized was SAS 
(Statistical Analysis System, version 9.3), considering 
the significance level of 5% by the Tukey test as the 
following model:

Yijk= µ+ Ti+ A j + TAij + eijk, where:

Yijk = observation of repetition k in treatment i regarding 
year j; µ = overall mean; Ti = effect of diet i, where i = 1 
(12% CP) or 2 (16% CP); Aj = effect of year of observation j, 
where j = 1 (2005) or 2 (2006); TAij = interaction effect 
between diet i and year j; eijk = random error associated with 
each observation Yijk.

Results and Discussion

In absolute numbers, the frequency of estrus 
manifestation decreased in the increasing period of solar 
radiation and increased in the decreasing solar radiation 
period (Figure 1). Texel were the most responsive ewes to 
solar radiation and photoperiod in comparison with Santa 
Inês and Ile de France.

There was no estrus manifestation in Santa Inês ewes in 
October or in the first fortnight of November 2005, nor was
there estrus manifestation in December 2005 or in the first
fortnight of January 2006. On October 1st 2006, no estrus 
manifestation was verified for any of the studied breeds.

In the last fortnight of December 2006, Santa Inês ewes 
once again stopped showing estrus, whereas this event was 
observed in Ile de France ewes.

The analysis of frequency of estrus was performed 
considering the breeds within the experimental groups fed 
diets with 12 or 16% CP, as well as each CP content within 
the three breed groups studied.

The analysis of frequency of estrus did not show 
significant effect of crude protein content in the diet.
However, it did indicate significant effect of the interaction
between breed group and protein level of the diet (Table 1).

According to Costa et al. (2009), protein is the second 
most required nutritional component by ruminants, and for 
these authors, diets with deficiency or excess protein delay
or reduce the manifestation of rut, reduce conception and 
elevate embryo mortality. Therefore, it must be ensured that 
protein levels in ruminant diets are at sufficient quantities
(Alemede, 2010).
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Figure 1 - Solar radiation and frequency of estrus in female Santa 
Inês, Texel and Ile de France sheep in the northwest of 
Paraná State, Brazil.
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According to the NRC (2007), the crude protein 
requirement for maintenance for ewes is 66 g/day, and for 
the reproductive functions, this value is 30% higher.

There were differences (P<0.05) between the initial 
frequency of estrus between Santa Inês and Ile de France 
breeds when compared with Texel. The statistical analysis 
corroborates the data presented in Figure 1, demonstrating 
the higher frequency of estrus in female Santa Inês and Ile 
de France sheep as compared with Texel ewes.

The reproductive behavior observed for the Texel 
breed was as expected. Ortavant et al. (1985) reported that 
the Texel breed presents estrus in the summer or beginning 
of the fall, and it ends at the end of the winter or beginning 
of summer. Dyrmundsson (1978) and Robinson (1981) 
claim that breeds originated from latitudes between 35º N 
and 35º S tend to display estrus all year long, while ewes 
from higher latitudes tend to present marked reproductive 
seasonality, probably due to the effects of photoperiod, 
temperature and radiation.

Given that there was significant effect of breed group
and protein level in the diet, the frequencies of estrus were 
analyzed as a function of the genetic groups within each 
protein level.

The analysis within the level of 12% protein in the 
diet showed significant differences for frequency of estrus
between the Santa Inês, Texel and Ile de France breeds 
(Figure 2).

The probability of estrus manifestation in Santa Inês 
and Ile de France ewes at a certain moment does not differ 
(P>0.05) between these two genetic groups, which is not 
true when they are compared with the Texel females, 
characterizing the lower probability (P<0.05) of finding
females of this breed manifesting estrus at a given moment. 
In the present experiment, a short period of reproductive 

seasonality was observed for Santa Inês and Ile de France 
ewes. According to Traldi (1990), woolless ewes do not 
present reproductive seasonality, contradicting the results 
found herein. Sasa (2006), despite considering that Santa 
Inês females are fertile during the entire year, reported a short 
reproductive-seasonality period in the city of Pirassununga/
SP, Brazil (21º59' latitude and 47º25' longitude).

Although Traldi (1990) and Sasa (2006) studied the 
manifestation of rut in sheep and despite the fact that the 
present study used lambs, it can be inferred that Sana Inês 
ewes were at the age and weight for puberty, according to the 
growth curve presented by Guedes et al. (2005), and these 
characteristics are similar in the Texel breed (Guimarães 
Filho et al., 2009). Ile de France ewes presented 66 kg and 
were at 29 months of age, which is enough for them to be at 
puberty according to Jainudeen et al. (2000).

The results of the Bayesian analysis, comparing the 
Santa Inês, Texel and Ile de France breeds on the diet with 
16% CP (Table 2), showed that there were no significant
differences between the breed groups as to the frequency 
of estrus.

Table 1 - Means, standard deviation and credible intervals of frequency of estrus in Santa Inês, Texel and Ile de France ewes fed 12% crude 
protein

Parameters
Bayesian estimates

Means and standard    
deviations P2.5% Medians P97.5%

α1 (Santa Inês) −1.33100±0.30790 −1.934000 −1.33400 −0.697700
β1 (Santa Inês) −0.01428±0.01321 −0.044600 −0.01296 0.007900
α2 (Texel) −2.47600±0.38200 −3.328000 −2.44200 −1.805000
β2 (Texel) 0.01275±0.01407 −0.010720 0.01132 0.045960
α3 (Île de France) −0.94380±0.33810 −1.586000 −0.95380 −0.260100
β3 (Île de France) −0.03202±0.01669 −0.068460 −0.03080 −0.003317
∆1α: α1 – α2* 1.14500±0.48720 0.251700 1.12200 2.179000
∆2α: α1 – α3 −0.38700±0.45900 −1.255000 −0.39060 0.535800
∆3α: α2 – α3* −1.53200±0.51360 −2.630000 −1.50400 −0.616100

∆1β: β1 – β2 −0.02704±0.01919 −0.069130 −0.02589 0.006269
∆2β: β1 – β3 0.01774±0.02118 −0.024060 0.01718 0.059210
∆3β: β2 – β3* 0.04478±0.02207 0.007425 0.04280 0.093120
*Significant difference at the level of 5%.

Figure 2 - Probability of estrus manifestation in female Santa Inês, 
Texel and Ile de France sheep receiving 2% dietary 
crude protein.
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Studying ground corn + concentrate diets with 10% 
of crude protein in Savanna Brown ewes, Alemede (2010) 
verified that the hormonal contents (progesterone) were not
affected by the diet, but the author recommends the incorporation 
of protein concentrate in ewe diets. O’ Ocallaghan & Boland 
(1999) state that diets with a high nutritional level after 
mating in ewes or cows may increase the metabolization of 
progesterone in the liver.

The absolute values demonstrate similar characteristics 
to those found in the group of animals fed 12% CP. 
However, statistically, the difference obtained in the latter 
did not repeat, probably because it is a high level of protein 
with elevated ruminal degradability which increases the 
ammonia concentration in the blood.

When the ewes received a higher level of crude 
protein, there were no significant differences (P>0.05) in
the frequency of estrus between the genetic groups. The 
analyses of the effect of each protein level on the estrus 
incidences demonstrate that providing diets with 16% CP has 
no effect of on this trait (Figure 3), indicating the existence 
of other non-identified factors, exerting an influence on
the frequency of estrus in the female sheep of this feeding 
treatment. It is worth stressing that the lambs presented 
age and weight consolidated to be in puberty, which really 
shows that the results are effects of the seasonality on the 
cyclic behavior. 

Increase in the dietary protein may affect the secretion 
of LH (Fitzgerald et al., 1982), follicular development, 
ovulation, formation and maintenance of the corpus luteum 
and impair the regulation of FSH and LH, as well as the 
formation of the receptors at the granulosa layer of the 
follicle (Darwash et al., 1999). According to O’Callaghan 
& Boland (1999), the crude protein from the diet is 
hydrolyzed in the rumen, forming ammonia, which is used 
by the microorganisms to synthesize protein. However, the 

authors comment that the excess ammonia is transported 
to the liver to be metabolized into urea or used for the 
synthesis of amino acids. Thus, ingestion of elevated 
amounts of rumen-degradable protein increases the blood 
urea concentration and may affect the endocrine system, 
which regulates the reproductive activities. Perhaps, the 
level of 16% of highly-rumen-degradable crude protein 
elevated the secretion of estradiol, and the latter might have 
caused a negative-feedback effect on the synthesis of LH 
(Fitzgerald et al., 1982).

The analysis of the frequency of estrus (Table 3) did 
not show significant effect of the protein level in the diet,
indicating that the diet with 12% crude protein is enough to 
maintain the cyclic behavior of the breed groups and that 
higher values may impair the reproductive endocrinology, 
which is in agreement with O’Callaghan & Boland (1999). 
Boulanouar et al. (1995) studied the effect of dietary 
protein and energy on the onset of puberty in ewes (1/2 
Finnish Landrace + ¼ Dorset + ¼ Rambouillet) and verified
lower effect of protein than of energy on the beginning of 
puberty. 

Table 2 - Means, standard deviations and credible intervals of the frequency of estrus in Santa Inês, Texel and Ile de France ewes fed 16% 
of crude protein

Parameters
Bayesian estimates

Means and standard    
deviations P2.5% Medians P97.5%

α1 (Santa Inês) −1.758±0.3093 −2.375 −1.758 −1.158
β1 (Santa Inês) −0.00435±0.01318 −0.03293 −0.00351 0.01973
α2 (Texel) −2.409±0.3315 −3.099 −2.398 −1.783
β2 (Texel) 0.001059±0.01197 −0.02309 0.00109 0.02548
α3 (Île de France) −1.416±0.4391 −2.284 −1.418 −0.5569
β3 (Île de France) −0.04163±0.02245 −0.09101 −0.03943 −0.00489
∆1α: α1 – α2 0.651±0.453 −0.2227 0.6447 1.555
∆2α: α1 – α3 −0.3423±0.5365 −1.394 −0.3438 0.7099
∆3α: α2 – α3 −0.9933±0.5505 −2.106 −0.988 0.06314

∆1β: β1 – β2 −0.00541±0.01774 −0.04187 −0.00498 0.02898
∆2β: β1 – β3 0.03728±0.02597 −0.01071 0.03597 0.09169
∆3β: β2 – β3 0.04269±0.02542 −0.00179 0.0407 0.09769

Figure 3 - Probability of manifestation of estrus in female Santa 
Inês, Texel and Ile de France sheep receiving 16% 
dietary crude protein.
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concentration in the different seasons of the year. In the 
season corresponding to that evaluated in the present 
experiment, Sasa (2006) found 1.9 ng progesterone/mL, 
whereas in the present experiment it was 1.47 ng/mL for 
2006 and 0.39 ng/mL for the spring of 2005, which was 
the season when the lowest frequencies of estrus were 
found. Coelho et al. (2002) report plasma progesterone 
concentrations in Santa Inês ewes of 0.45 ng/mL during 
estrus and up to 4.3 ng/mL during diestrus. Sasa (2006) 
noticed a period of reproductive anestrus in six of the ten 
ewes used in his experiment, but in the present experiment, 
it was verified with a higher intensity.

According to the analyses of progesterone and 
the protein levels, greater average concentration of 
progesterone was observed in animals fed diets with 
16% crude protein (Table 4). Feeding a diet with corn and 
another with concentrate containing 10% crude protein 
to young goats, Alemede (2010) observed higher plasma 
progesterone concentration in those fed concentrate. 
Contrastingly, Michell et al. (1997) did not verify influence
of dietary protein on the blood progesterone level of 
4.5-year-old ewes in the reproductive season, which was 
above 1 ng/mL. The results of this last author differ from the 
observed herein; there are divergences as to the influence
of the dietary protein level on the blood progesterone 
concentration. Perhaps, factors like breed, environment, age 
of females, ingredients that make up the diets, moment of 
the estrus cycle in which the blood samples were collected 
and reproductive stage when the samples were obtained 
may generate variations between studies.

Conclusions

In the northeast of Paraná State, Brazil, at 23o25' south 
longitude, 51o55' west longitude and554.9 m altitude, Santa 
Inês ewes do not present estrus in the months of October, 
November and December and Ile de France do not manifest 
estrus in January. Texel females show low frequency or 
absence of estrus from July to February. The levels of 12 

Table 3 - Means, standard deviations and credible intervals of the frequency of estrus in Santa Inês, Texel and Ile de France ewes fed 12 or 
16% crude protein

Parameters
Bayesian estimates

Means and standard    
deviations P2.5% Medians P97.5%

α1 −1.341±0.2992 −1.915 −1.348 −0.7303
β1 −0.01403±0.01288 −0.04243 −0.01279 0.008092
α2 −1.76±0.3068 −2.361 −1.761 −1.158
β2 −0.00438±0.01307 −0.03278 −0.00358 0.01929

∆α: α1 – α2 0.4191±0.4303 −0.4015 0.4179 1.28
∆β: β1 – β2 −0.00965±0.01842 −0.04712 −0.00931 0.02651

Gordon (1997) concluded that breeds from both 
temperate and tropical climate origins are minimally 
influenced by the nutritional level. In the present study,
it could be verified that female sheep fed 12 or 16%
crude protein in the diet did not differ (P>0.05) as to the 
manifestation of estrus, suggesting that feeding was not a 
determinant factor in changing the frequency of estrus in 
these animals.

Aiming to corroborate the results obtained with the 
identification of ewes under estrus marked by the teaser
rams in laboratory, blood plasma samples were collected 
from Santa Inês females in periods when the frequency 
of estrus was low. Blood plasma samples of the referred 
months of 2005 and 2006 were analyzed to determine the 
plasma progesterone concentration (Table 4).

Based on the descriptive analysis of the data, it 
was verified that the months of October, November and
December 2005 were those of lowest estrus manifestation 
for Santa Inês females. The results indicate that there 
was difference (P<0.05) between years, which could also 
be verified in the descriptive analysis of the estrus
manifestation, validating the data corresponding to the 
period in which the lowest frequencies of estrus in Santa 
Inês ewes were verified.

Working with Santa Inês ewes, Sasa (2006) evaluated 
a lot with 10 animals between September 2002 and August 
2003 and observed the average plasma progesterone 

Table 4 - Effect of dietary crude protein levels and year on the 
average plasma progesterone concentration in Santa 
Inês ewes

Item Progesterone concentration (ng/mL)

Diet
12% crude protein 0.68a±1.32 (220)
16% crude protein 1.28b±1.99 (221)
Year 
2005 0.39a±0.78 (205)
2006 1.47b±2.08 (236)
Means within each class, followed by lowercase letters in the rows, differ according 
to the Tukey test at 5%.
Values in parentheses are the number of samples analyzed.
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and 16% of crude protein in the diet do not change the 
frequency of estrus in Santa Inês, Ile de France or Texel 
ewes; the recommended crude protein dose to be adopted 
is 12%.
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