
Received March 22, 2011 and accepted March 7, 2012.
Corresponding author: nadja@dzo.ufla.br

Plasma urea nitrogen and progesterone concentrations and follicular
dynamics in ewes fed proteins of different degradability1

Gustavo Bianchi Lazarin2, Nadja Gomes Alves2, Juan Ramon Olalquiaga Perez2, Renato
Ribeiro de Lima3, Iraides Ferreira Furusho Garcia2, Antônio José Neto2, Daniel Navarro

Cardoso do Vale2, Gabriela de Abreu Saunders2

1 Apoio financeiro: Fundação de Amparo à Pesquisa do Estado de Minas Gerais - FAPEMIG e Conselho Nacional de Desenvolvimento
   Científico e Tecnológico – CNPq.
2 Departamento de Zootecnia, Universidade Federal de Lavras.
3 Departamento de Ciências Exatas, Universidade Federal de Lavras.

ABSTRACT - The effects of overfeeding with protein of different degradability on body condition, plasma urea
nitrogen and progesterone concentrations, ovulation number and follicular dynamics were assessed in Santa Ines ewes.
Twelve ewes were assigned to a randomized block design according to body weight and received overfeeding with soybean
meal or with corn gluten meal or maintenance diet for 28 days before ovulation and during the next estrous cycle. Blood
samples were taken on days 7, 14, 21, and 28 after the beginning of treatments for analysis of plasma urea nitrogen and
on days 3, 6, 9, 12, and 15 into the estrous cycle for analysis of plasma urea nitrogen and progesterone. Follicular dynamics
was monitored daily by ultrasound during one estrous cycle. Dry matter and crude protein intake, weight gain, plasma urea
nitrogen concentration before ovulation, number of ovulations, diameter of the largest follicle of the 1st and of the 2nd
waves and the growth rate of the largest follicle of the 1st wave were higher in the ewes that received overfeeding. The
growth rate of the largest follicle of the 3rd wave was higher in the ewes fed maintenance diet. The back fat thickness, plasma
urea nitrogen before ovulation and progesterone concentrations, diameter of the largest follicle of the 2nd wave and growth
rate of the largest follicle of the 3rd wave were higher in ewes that received overfeeding with soybean meal. The growth
rate of the largest follicle of the 1st wave was higher in ewes that received overfeeding with corn gluten meal. Overfeeding
with protein-rich feeds may increase the ovulation number and with soybean meal, it may be effective in increasing plasma
progesterone concentration in ewes.
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Introduction

Nutrition plays an important role as it affects directly and
indirectly both physiology and reproductive performance. A
nutritional strategy that may be used to enhance ovulation
rate and, consequently, prolificacy, is overfeeding or flushing,
which consists in increasing nutrition levels in ewes before
mating. The effects of overfeeding with high-energy diets
are well known (Rhind et al., 1989; Viñoles et al., 2008);
however, few studies have verified this with protein-rich
feeds. Some authors have demonstrated that overfeeding
with protein feeds increased ovulation rate (Molle et al.,
1995, 1997), while the same variable was unaltered by
overfeeding with proteins of different degradability
(Branca et al., 2000; Saunders et al., 2010). Nevertheless, in
none of these studies were ovarian follicular dynamics and
plasma progesterone concentration assessed.

High-energy diets stimulate follicular development
(Armstrong et al., 2001; Webb et al., 2004). However, there
is still controversy on the effects of diets rich in crude protein
(CP), rumen-degradable protein (RDP) and non-protein
nitrogen (NNP) on ovarian follicular dynamics (Garcia-
Bojalil et al., 1998; Laven et al., 2004; Alves et al., 2011).

Blood progesterone concentration can be influenced
by feed intake and, possibly, by excess protein in the diet.
In ewes, an inverse relation between the dry matter intake
and plasma progesterone concentration has been observed
(Parr et al., 1993; McEvoy et al., 1995; O’Callaghan et al.,
2000). The excess of CP in the diet was related to lower
(Jordan et al., 1983; Sonderman & Larson, 1989) or higher
(Berardinelli et al., 2001) plasma progesterone concentration.

The objectives of this study were to assess the effects
of overfeeding with proteins of different degradability for
28 days before ovulation and during the following estrous
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cycle on body condition, plasma urea nitrogen (PUN) and
progesterone concentrations, number of ovulations and
ovarian follicular dynamics in Santa Ines ewes.

Material and Methods

The experiment was conducted at the Sheep Sector of
the Animal Science Department of Universidade Federal de
Lavras (UFLA), between September and December 2008.
Twelve Santa Ines ewes with body condition score (BCS)
between 2.5 and 3.0 (on a scale of 0 to 5, in which 0 = emaciated
and 5 = overfat, according to Gordon, 1997) and body weight
of 44±10 kg were assigned in blocks according to their body
weight (54 to 46.5; 46 to 44.5; 44 to 39.5; and 39 to 36 kg). The
ewes were kept in individual pens.

Based on the recommendations of the AFRC (1993),
two diets with the same amount of energy and nitrogen and
different protein sources and RDP in DM were formulated
to promote daily weight gain of 100 g, as well as a maintenance
diet (Table 1), resulting in three treatments: overfeeding with
soybean meal (n = 4), overfeeding with corn gluten meal
(n = 4) and maintenance diet (n = 4). Diets were supplied as
a whole mix at 7:00 and 16:00h  for 28 days before the date
expected for hormone-induced ovulation and during the
following estrous cycle, totaling, on average, 45 days.

The diet supplied to meet the maintenance requirements
provided no orts. The orts of ewes that received overfeeding
were collected and weighed before the morning feed to

determine dry matter and nutrient intake. Samples of orts
from each ewe and of corn silage were taken daily and stored
at – 20 oC. Composite samples of every week for orts from
each ewe and for corn silage, and a sample of soybean meal,
corn gluten meal and citrus pulp were assessed for dry
matter (DM), CP, ether extract (EE) and ash levels (AOAC,
1990). The neutral detergent fiber (NDF) was determined by
an ANKON® Fiber Analyzer. Non-fiber carbohydrates
(NFC) were calculated by difference 100 – (%CP + %EE +
%NDF + %Ash).

Ewes were weighed and the BCS was assessed on the
first day the diets were supplied and then every seven days
until the end of the experiment. The BCS was assessed by
handling over and around the backbone, in a scale of 0 to
5 (0 = emaciated and 5 = overfat, according to Gordon, 1997).
On the last day of supplying diets, the rib-eye area (REA)
and the back-fat thickness (BFT) were measured after
trichotomy in the backbone, between the 12th and 13th
right ribs, transversally to the longissimus dorsi muscle,
through an ultrasound scanner (ALOKA SSD-500, Aloka
Co., Ltd., Tokyo, Japan) equipped with a 3.5 MHz linear
array transducer.

The estrous synchronization began on the 17th day
after the diets were first supplied. An intravaginal sponge
containing 60 mg of medroxyprogesterone acetate (MAP–
60®, Tecnopec, São Paulo, Brazil) was inserted for 11 days.
Nine days after the sponge insertion, 240 IU of eCG
(Novormon®, Syntex S.A., Buenos Aires, Argentina) and

1 Guarantied levels by kg: P - 80 g; Mg - 18 g; Na - 150 g; S - 15 g; Ca - 125 mg; Co - 65 mg; I - 95 mg; Mn - 1500 mg; Se - 30 mg; Zn - 350 mg; F - 800 mg; vitamin A -
30.000 IU; vitamin D - 3.000 IU; vitamin E - 60 IU.

2 Estimated by Small Ruminant Nutrition System (2008).
3 Estimated by difference between crude protein and rumen-degradable protein.
4 Calculated by difference 100 – (%CP + %EE + %NDF + %Ash).
5 Mcal/kg of dry matter.

Ingredient Diet with soybean meal Diet with corn gluten meal Maintenance diet

g/kg of dry matter

Corn silage 6 5 3 6 8 0 8 5 4
Citrus pulp 1 7 1 1 8 5 38
Corn gluten meal - 1 0 9 44
Soybean meal 1 5 1 - 33
Mineral vitamin mix1 25 26 31

Chemical composition g/kg of natural matter
Dry matter 4 0 0 3 8 9 3 3 9

g/kg of dry matter
Crude protein 1 3 1 1 3 5 1 1 3
Rumen degradable protein2 84 66 63
Rumen undegradable protein3 47 69 50
Neutral detergent fiber 4 5 2 4 3 3 5 0 4
Ether extract 50 49 49
Ash 74 68 68
Non-fiber carbohydrates4 2 9 3 3 1 5 2 6 6
Metabolizable energy2,5 2.53 2.50 2.46

Table 1 - Ingredient and chemical composition of the overfeeding diets formulated with soybean meal or corn gluten meal and of the
maintenance diet
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wave emergence and its end. The interval of waves was the
number of days between the emergence of two consecutive
waves. The number of follicles in each wave was determined
by the number of follicles identified. An identified follicle
was a 3 mm follicle observed for at least 3 consecutive days
or a follicle that increased from 3 mm to 4 mm in one day for
the following (Evans et al., 2000). Day of emergence of a
follicle was the day that the follicle was 3 mm in diameter,
with an increase to >4 mm in the following day (Ginther et al.,
1995). When a follicle was first detected at >4 mm in diameter,
the day of emergence was retrospectively determined,
considering a growth rate of 1 mm/day. The growth phase
of the largest follicle per wave was the number of days
necessary for the follicle to grow from 3 mm (emergence) to
its largest diameter (Evans et al., 2000). The growth rate of
the largest follicle per wave (mm/day) was the difference
between its maximum and minimum diameter (3 mm) divided
by the growth phase. The maximum diameter of the largest
follicle per wave was calculated by the average of its two
largest diameters.

The characteristics of waves and follicles were
statistically analyzed only for animals which presented
three follicular waves. Of the ewes that received the
maintenance diet, only one presented three follicular waves,
so only the data from this ewe were included in these
analyses, thus the standard error of the mean was not
generated.

The effects of diets on DM and nutrient intake, weight
gain, average daily weight gain, BCS, REA, BFT, interval of
ovulations, number of ovulations and average ovulatory
follicle diameter were analyzed by variance analyses, using
the GLM procedure of SAS (Statistical Analysis System,
version 6.11), according to the model: yij = μ + bj + ti +  eij   

 (1),
in which: yij =  observed value of diet i on block j; μ = constant
inherent to every observation; bj = effect of block j, with j =
1, 2, 3, 4; ti = effect of diet i, with i = 1, 2, 3; eij = random
error associated to each yij observation, independent and
identically distributed following a normal distribution.

The PUN and progesterone concentrations were
analyzed in a subdivided plots arrangement, with the factor
time in the subplots. The statistical model utilized was
yijk = μ + bj + ti + eij + dk + tdik+ Eijk   (2), in which: yijk =
observed value of diet i on block j and on time k; μ = constant
inherent to every observation; bj  = effect of block j, with
j = 1, 2, 3 and 4; ti = effect of diet i, with i = 1, 2, 3; eij =
experimental error associated to the plot, considered
independent and identically distributed following a normal
of zero mean and variance ϕ2; dk = effect of time k; with
k = 1, 2, 3, 4 or 1, 2, 3, 4, 5; tdik = interaction between diet and
time; Eijk = experimental error associated to the subplot,

50 μg of cloprostenol (Prolise®,ARSA S.R.L., Buenos Aires,
Argentina) were administered (i.m.). To avoid vaginitis
0.25 mL of oxytetracycline were applied in each sponge.
From twelve hours after the sponge was removed, the
estrous manifestations were monitored at 8:00 and at 17:00
with teaser rams.

Blood samples from all ewes were collected via jugular
vein puncture in EDTA vacuntainer tubes on days 7, 14, 21
and 28 after the beginning of the supply of diets to determine
PUN concentration, and on days 3, 6, 9, 12 and 15 of the
estrous cycle to determine PUN and progesterone
concentrations. The samples were taken four hours after
the feeding and were centrifuged at 1.582 x g for 10 minutes
to obtain plasma. Plasma urea concentration was determined
by enzymatic-colorimetric method using a commercial kit
(Urea 500, DOLES Reagents and Equipment for Laboratories
LTD, GO, Brazil). The urea values were converted into
N-urea, multiplying by 0.4666, equivalent to the percentage
of nitrogen in the urea molecule. The progesterone analyses
were done at the Scanlab Diagnostics Laboratory Ltd.,
Belo Horizonte, Minas Gerais, by Enzyme Linked Immune
Sorbent Assay (ELISA) using a commercial kit (Direct
Progesterone ELISA Kit, Diagnostics Biochem Canada Inc.,
London, Ontario, Canada). The assay sensitivity was 0.1 ng/mL.

Transrectal ultrasonography of the ovaries was
performed daily from the day of estrus, using an ultrasound
scanner (ALOKA SSD-500, Aloka Co., Ltd., Tokyo, Japan)
equipped with a 5MHz linear array transducer. The ovulations
were determined by the disappearance of dominant follicles
and the subsequent formation of corpus luteum (CL). The
ovulatory follicle diameter was determined by the average
diameter of all the follicles ovulated after estrous
synchronization. The interval of ovulations was defined as
the number of days between ovulation after estrous
synchronization and the following ovulation and was used
to define the estrous cycle length.

All follicles > 3mm in diameter in each ovary and the CL
area were measured. Each follicle > 3mm in diameter was
identified by a letter and its location was mapped in relation
to the other follicles and CL (Ginther et al., 1995). The
diameters of the follicles in both ovaries and the CL areas
were put on a table and plotted into graphs for evaluation
of the growth and regression profiles.

The follicular wave was identified by the growth of a
follicle that reached a diameter > 4 mm, individually or as part
of a cohort. Day of emergence of wave was the day of
emergence of the largest follicle of that wave. The end of a
non-ovulatory wave was defined as the day on which the
last follicle in regression of that wave reached 3 mm. The
wave length was defined as the number of days between the
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considered independent and identically distributed
following a normal of zero mean and variance σ 2.

The analyses of follicular dynamics were conducted
utilizing the methodology of generalized linear models
(Mc Cullagh & Nelder, 1989). For variables follicular growth
rate and maximum diameter of the largest follicle, the normal
distribution with identity link function was considered.
Poisson distribution and logarithmic link function and
independence of observations were considered for variables
day of emergence of wave, wave end, wave length, interval
of waves, number of follicles in the wave, day of the maximum
diameter of the largest follicle and growth phase of the
largest follicle. For all the variables, the model of randomized
blocks design, given as (1) was considered as linear predictor.

Means were compared by orthogonal contrasts, when
the F test for the effect of diet was significant at P<0.05 and
tended to be significant at P<0.10: contrast 1 = (soybean
meal and corn gluten meal) versus maintenance: Y1 =  m1  +
m2 – 2 m3 and contrast 2 = soybean meal versus corn gluten
meal: Y2 =  m1 –  m2.

Results and Discussion

The DM and nutrient intake was higher (P<0.01) by
overfed ewes, in comparison with those which received the
maintenance diet. However, it was not different (P>0.05)
between ewes subjected to overfeeding with soybean meal
or corn gluten meal (Table 2).

The amount of corn gluten meal utilized (10.9% DM) did
not reduce the DM intake, which suggests that the inclusion
of this feedstuff in the diet, at the levels studied, did not
bring damage to the rumen microbial population, by
occasional RDP shortage. Deficiency in RDP would reduce
the DM intake (AFRC, 1993).

The DM intake of ewes subjected to overfeeding with
soybean meal or corn gluten meal exceeded the intake of
those which received maintenance diet in 58% and 64%,

respectively, and the CP intake exceeded in 87% and 100%,
respectively. The estimate of ME intake by ewes which were
overfed with soybean meal or corn gluten meal (3.1 and
3.2 Mcal/day, respectively) was 61.4% and 66.6%,
respectively, over the estimate of ME intake by ewes receiving
maintenance diet (1.92 Mcal/day). According to the NRC
(1985), the requirement for maintenance of 50 kg body
weight ewes is 2.0 Mcal/day ME and 95 g CP/day. For the
same animal under overfeeding, however, the ME intake
recommended is 3.4 Mcal/day, and the CP intake is 150 g/day.

Ewes subjected to overfeeding had higher weight gain
and average daily weight gain (P<0.01) in relation to those
receiving the maintenance diet, which presented little weight
loss (Table 3). Weight gain and average daily weight gain
did not differ (P>0.05) between ewes under overfeeding,
which can be explained by the similarity in the intake of DM,
nutrients and ME. The final BCS was not affected (P>0.05)
by diets. Saunders et al. (2010) did not observe significant
difference in the weight gain (3.14 vs 2.94 kg) and in the final
BCS (2.78 vs 2.85 units) of Santa Ines ewes overfed for 28
days with soybean meal or corn gluten meal and cottonseed
meal.

No effect of diets was observed (P>0.05) on REA.
However, BFT was higher (P=0.04) in ewes overfed with
soybean meal than with corn gluten meal (Table 4).

Rib-eye area is a characteristic related to the amount of
muscle, carcass yield and, especially, prime cuts, whereas
BFT is directly linked precocity of growth, sexuality and
fatness. The results of this study suggest that animals had
already reached their total muscle development, which
explains the similarity in the measures concerning REA, and
started to utilize ME for deposition of subcutaneous back-
fat. Such observations corroborate those from Siqueira
(1990), who reported higher precocity and speed of growth
in the Santa Ines breed in relation to other woolless breeds.

The higher RDP level in the soybean meal, in comparison
with that of corn gluten meal, might have favored microbial

Intake Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diet Cont. 11 Cont. 22

kg/day
Dry matter 1.23±0.05 1.28±0.11 0.78±0.05 <0.01 <0.01 0.59

g/day
Crude protein 163±0.00 174±0.01  87±0.00 <0.01 <0.01 0.37
Extract ether  60±0.00  63±0.00  37±0.00 <0.01 <0.01 0.55
Ash  92±0.00  87±0.00  54±0.00 <0.01 <0.01 0.38
Neutral detergent fiber 556±0.02 553±0.05 392±0.02 0.01 <0.01 0.94
Non-fibrous carbohydrate 359±0.01 403±0.02 207±0.01 <0.01 <0.01 0.14
1 Contrast 1 - overfeeding vs maintenance diet.
2 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.

Table 2 - Dry matter and nutrient intake of ewes overfed or receiving maintenance diet
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activity in the rumen and ruminal digestion of feeds,
promoting higher synthesis of volatile fatty acids, which
resulted in higher deposition of subcutaneous fat. Fahey Jr.
& Berger (1998) emphasized the importance of the acetate
generated at the rumen fermentation as precursor of fatty
acids deposited in the adipose tissue. According to these
authors, approximately 80% of the acetate that reaches the
liver escapes oxidation, passes into the bloodstream and is
used for the synthesis of fatty acids in the tissues.

The PUN concentration in the period before ovulation
was higher (P<0.01) in overfed animals and those overfed
with soybean meal (Table 5), which is coherent with the
higher CP and RDP intake, respectively. No effect of
collection days (P>0.05) or the diet × day interaction (P>0.05)
was observed. Berardinelli et al. (2001) also observed higher

concentration of PUN in ewes receiving diet with twice
the protein requirement recommended for maintenance
(22.2 mg/dL), compared with those receiving diet which met
the requirement of protein for maintenance (12.9 mg/dL).
Higher concentration of PUN was also observed by Milis et al.
(2005)in ewes fed diets containing soybean meal and wheat
bran (24.9 mg/dL) versus corn gluten meal (22.5 mg/dL).

Analyzing the PUN concentration after ovulation,
effects of diet (P<0.05) and diet × day interaction (P<0.05)
were observed. The PUN concentration was higher in overfed
ewes in relation to those receiving the maintenance diet on
days 6, 9 and 12 of the estrous cycles, and it was higher in
those subjected to overfeeding with soybean meal in relation
to those overfed with corn gluten meal on days 9, 12 and 15
of the estrous cycle (Table 6).

I tem Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diet Cont. 11 Cont. 22

Weight gain (kg) 4.82±1.20 5.35±1.96 -0.10±1.18 0.04 0.01 0.78
Average daily weigh gain (kg) 0.11±0.02 0.13±0.04 -0.01±0.02 0.04 0.01 0.78
Body condition score3 2.81±0.06 3.18±0.32  2.93±0.18 0.40 - -
1 Contrast 1 - overfeeding vs maintenance diet.
2 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.
3 Scale: 0 - emaciated; 5 -overfat.

Table 3 - Weight gain, average daily weight gain and final body condition score of ewes overfed or receiving maintenance diet

I tem Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diet Cont. 11 Cont. 22

Rib-eye area (cm2) 10.11±0.46 9.44±1.15 9.69±1.13 0.87 - -
Back-fat thickness (cm)  0.40±0.04 0.31±0.01 0.33±0.02 0.08 0.33 0.04
1 Contrast 1 - overfeeding vs maintenance diet.
2 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.

Table 4 - Rib-eye area and back fat thickness of ewes overfed or receiving maintenance diet

I tem Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diet Time D * T 1 Cont. 12 Cont. 23

mg/dL
PUN-1 23.9±0.92 19.8±0.88 17.6±0.83 <0.01 0.73 0.25 <0.01 <0.01
PUN-2 26.0±1.01 21.6±0.90 21.0±0.80  0.02 0.84 0.03  0.06  0.02
PUN-1 = plasma urea nitrogen before ovulation; PUN-2 = plasma urea nitrogen after ovulation.
1 D * T = diet × time (days of collection) interaction.
2 Contrast 1 - overfeeding vs maintenance diet.
3 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.

Table 5 - Plasma urea nitrogen concentration before and after ovulation of ewes overfed or receiving maintenance diet

Collection days Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

 Diet Cont. 11 Cont. 22

3 24.61±2.00 22.00±0.47 21.42±1.85  0.44 - -
6 23.59±2.83 24.31±1.70 18.55±0.53  0.06 0.02  0.77
9 27.62±1.47 20.85±2.82 19.71±0.76 <0.01 0.04  0.01

12 28.16±1.75 21.48±0.80 20.26±2.31 <0.01 0.04  0.01
15 26.26±3.18 19.28±2.56 25.26±1.26  0.02 0.26 <0.01

1 Contrast 1 - overfeeding vs maintenance diet.
2 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.

Table 6 - Plasma urea nitrogen concentration on days 3, 6, 9, 12 and 15 after ovulation in ewes overfed or receiving maintenance diet
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The plasma progesterone concentration did not
differ (P>0.05) between ewes overfed or receiving the
maintenance diet, and it was higher (P<0.05) in those
overfed with soybean meal in comparison with corn gluten
meal (Table 7). The difference between overfed ewes was
observed on days 3, 6, 9, 12 and 15 of the estrous cycle
(Figure 1). No diet × day interaction was observed (P>0.05).
Higher plasma progesterone concentration was also
observed in ewes with high PUN concentration by
Berardinelli et al. (2001).

Increase in DM intake promotes increase in the
progesterone metabolization rate by means of higher flow
of blood towards the liver, which is the main local for
clearance of this hormone (Freetly & Ferrell, 1994), resulting
in lower blood progesterone concentration. Opposite to the
observations of this experiment, Rhind et al. (1989), Lozano
et al. (1998) and O’Callanghan et al. (2000) observed
difference in the blood progesterone concentration in
ewes subjected to different feeding programs. However, in
these studies, ewes presenting lower blood progesterone
concentration ingested twice to four times more ME than
those with higher concentration of this hormone. Thus, it
is possible that the difference in DM and ME intake in ewes
overfed and receiving maintenance diet in this study was
not enough to bring about alterations in the plasma
progesterone concentration. Other factors, such as breed
and body weight, can also be involved, affecting the blood
flow to the hepatic portal vein (Huntington et al., 1981).

The mechanism related to higher plasma progesterone
concentration in ewes under overfeeding with soybean
meal can be related to the better biological value of the
protein from soybean meal in relation to that of corn gluten
meal, especially when considering the profile of essential
amino acids such as lysine and methionine. Lipoproteins,
especially LDL and HDL, which are rich in methionine and
lysine (Auboiron et al., 1995), are essential for the transport
of cholesterol, which is the precursor of biosynthesis of
steroid hormones such as estrogens and progesterone
(Hall, 1994).

The follicular growth of ewes which received
maintenance diet occurred in two (n=2), three (n=1) or four

(n=1) waves. All ewes which received overfeeding presented
three follicular waves. As observed in this study, the
predominance of three follicular waves was also observed
by Evans et al. (2000), in cyclic Texel ewe lambs and
crossbred Suffolk × Texel (64.5%) and by Ali et al. (2006),
in cyclic Ossimi ewe lambs (65%).

There was no effect of diets on the interval of ovulations
(P>0.05, Table 8). The results were similar to those of
Ravindra et al. (1994), who observed 17.2 days between
ovulations in Western White Face ewes and those of
Ginther et al. (1995), who verified, on average, 17.7 days
between ovulations in Polypay ewe lambs.

The number of ovulations in overfed ewes was higher
than that observed in those receiving the maintenance diet
(P<0.05; Table 8). Increase in the number of ovulations in
response to overfeeding with protein feeds was also
observed by Nottle et al. (1988), Downing et al. (1995) and
Molle et al. (1995, 1997). Supplementation with protein
feeds results in significant increase in the amount of post-
rumen digested protein (Nottle et al., 1988) and increase in
the plasma gluconeogenic amino acids and insulin
concentration (Downing et al., 1995). In addition, the higher
intake of energy by ewes under overfeeding possibly
caused increase in the blood glucose, insulin and IGF-I
concentration. Insulin directly stimulates both mitosis and
production of steroids in granulosa (Gutierrez et al., 1997)

I tem Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diet Day D * T 1 Cont. 12 Cont. 23

ng/mL
Progesterone 7.28±0.96 4.63±0.65 4.82±0.73 <0.07 <0.01 0.65 0.28 0.03
1D * T = diet × time (days of collection) interaction.
2 Contrast 1 - overfeeding vs maintenance diet.
3 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.

Table 7 - Plasma progesterone concentration in ewes overfed or receiving maintenance diet

Figure 1 - Plasma progesterone concentration in the first 15 days
of the estrous cycle in ewes overfed or receiving
maintenance diet.
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and theca (Stewart et al., 1995) cells, and IGF-I increases
the sensitivity of cells to FSH (Adashi et al., 1985), promoting
follicular development (Webb et al., 2004). Overfeeding
can also increase the number of ovulations for resulting in
higher hepatic metabolization of steroid hormones,
consequently, decreasing the negative feedback of such
hormones on the release of gonadotropins FSH and LH
(Smith & Stewart, 1990).

The number of ovulations did not differ (P>0.05)
between ewes overfed with soybean meal or corn gluten
meal (Table 8). Similar results were observed by Branca et
al. (2000) in Sarda ewes subjected to overfeeding with
soybean meal or corn gluten meal for 14 days and by
Saunders et al. (2010), in ewes overfed with soybean meal
or corn gluten meal and cottonseed meal for 28 days.

The average ovulatory follicle diameter did not differ
(P>0.05) between ewes overfed or receiving the maintenance
diet (Table 8) and was similar to the results found by
Ravindra et al. (1994), of 6.9 mm; Ginther et al. (1995), of
5.9 mm and Evans et al. (2000), of 6.4 mm. Saunders et al.
(2010) also did not observe difference in the ovulatory
follicle diameter between ewes overfed with soybean meal
(6.6 mm) or corn gluten meal and cottonseed meal (6.7 mm)
for 28 days.

The day of emergence of waves, the end of waves, the
waves length, the interval of waves and the number of

follicles per waves did not differ (P>0.05) between ewes
overfed or receiving the maintenance diet  (Table 9).

Ali et al. (2006) verified that the emergence of waves
occurred on days –0.3; 5.3 and 11.7 of the estrous cycle,
similarly to those in this study. Evans et al. (2000) observed
that the end of the first and second waves occurred afterwards,
whereas for the third wave it occurred before the observed
in this study (days 11.0; 14.4 and 15.3 of the estrous cycle,
respectively). The length of waves one and two was 8.9 and
7.5 days, respectively. These values are close to the observed
in this study. However, the length of the third wave was of
only 4.4 days.

The interval of waves observed in this study corroborates
the observations of Rubianes (2000), who reported that in
small ruminants, waves emerge with intervals of four to six
days, with interaction between ovarian steroids and
gonadotropins responsible for the regulation of these
intervals.

The number of ovarian follicles in each follicular wave
was similar to that verified by Grazul-Bilska et al. (2006),
who also did not observe difference between ewes fed
ad libitum or under feed restriction (60% of the requirement
for maintenance) and treated with FSH. However, Ginther
et al. (1995) reported smaller number of follicles per wave
(1.6; 1.1; 1.3; 1.5 follicles in waves one, two, three and four,
respectively).

I tem Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diets Cont. 11 Cont.22

Interval of ovulations (days) 17.25±0.62 16.50±0.28 17.25±0.62 0.57 - -
Number of ovulations  2.50±0.28  2.00±0.00  1.50±0.28 0.06 0.04 0.18
Average ovulatory follicle diameter (mm)  6.36±0.56  6.20±0.05  6.87±0.33 0.36 - -
1 Contrast 1 - overfeeding vs maintenance diet.
2 Contrast 2 - overfeeding with soybean meal vs overfeeding with corn gluten meal.

Table 8 - Interval of ovulations, number of ovulations and average ovulatory follicle diameter of ewes overfed or receiving maintenance
diet

I tem Diet with soybean Diet with corn Maintenance P value
meal (n=4) gluten meal (n=4) diet (n=4)

Diet

Day of emergence wave 1 -0.50±0.87  0.00±0.41 1.00 0.40
Day of emergence wave 2  5.25±0.95  4.75±1.03 6.00 0.82
Day of emergence wave 3 11.25±1.38 11.00±0.41 11.00 0.87
End wave 1  7.00±1.15  6.25±0.85 4.00 0.38
End wave 2 11.25±0.95 10.25±1.11 11.00 0.90
End wave 3 17.25±0.63 16.75±0.48 16.00 0.97
Wave length 1 (days)  8.50±1.85  7.00±0.91 4.00 0.11
Wave length 2 (days)  8.00±0.82  6.50±0.29 6.00 0.55
Wave length 3 (days)  6.50±0.87  6.75±0.85 6.00 0.75
Interval of waves 1-2 (days)  5.75±1.11  4.75±0.85 5.00 0.78
Interval of waves 2-3 (days)  6.00±1.08  6.25±0.95 5.00 0.97
Number of follicles wave 1  1.75±0.48  3.00±0.41 2.00 0.45
Number of follicles wave 2  2.25±0.63  3.25±0.85 2.00 0.61
Number of follicles wave 3  2.75±0.85  2.50±0.29 2.00 0.98

Table 9 - Characteristics of follicular waves of ewes overfed or receiving maintenance diet that presented three follicular waves
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The maximum diameter of the largest follicle of the
first (P<0.05) and second (P<0.01) waves was higher in
overfed ewes in relation to those receiving maintenance
diet (Table 10), which may be related to the great energy and
protein intake of these animals. The maximum diameter of
the largest follicle of the second wave was higher (P<0.01)
in ewes overfed with soybean meal than with corn gluten
meal. Soybean meal, for being a feedstuff with excellent
amino acid profile, can stimulate the synthesis of insulin.
Elevated plasma insulin concentration was observed in
sheep receiving amino acids of branched chain by infusion
(Kuhara et al., 1991) or fed excessive protein originated
from soybean meal (Molle et al., 1995) or lupine grains
(Downing et al., 1995).

Ravindra et al. (1994) observed that the maximum
diameter of the largest follicle was 5.5 mm in the first, 4.3 mm
in the second and 6.9 mm in the third waves and Ali et al.
(2006) verified that the largest follicle of the first, second
and third waves reached maximum diameter of 6.0 mm. The
smaller diameter achieved by the largest follicle of the
second wave in comparison with the ovulatory wave in this
study may be attributed to the negative influence of the
plasma progesterone concentration during its development,
as suggested by Rubianes et al. (1996). The inhibition of the
LH pulse frequency by progesterone during the luteal

phase of the cycle results in less follicular development
(Savio et al., 1993).

The day on which the largest follicle of each wave
reached maximum diameter did not differ between ewes
receiving the different diets (Table 10). Values close to the
observed were reported by Ali et al. (2006): days 3.89 in the
first, 10.85 in the second, and 16.3 in the third waves.

The growth phase of the largest follicle of each wave
did not differ (P>0.05) between ewes receiving different
diets. The growth rate of the largest follicle of the first wave
was higher in ewes subjected to overfeeding (P<0.08) and
in those overfed with corn gluten meal (P<0.01). However,
the growth rate of the largest follicle of the third wave was
higher in ewes which received the maintenance diet (P<0.01)
and in those overfed with soybean meal (P<0.05; Table 10).
Based on such results, it was not possible to establish a
relation between energy and protein intake or between
protein degradability and follicular growth rate.

The growth rate observed in this study is lower than that
reported by Ravindra et al. (1994), which was 1.0 mm/day in
the first wave, 1.1 mm/day in the second wave and 1.2 mm/day
in the ovulatory wave. Ginther et al. (1995) also observed
higher growth rate in waves one, two, three and in the
ovulatory one (0.8; 1.0; 1.0; 0.9 mm/day, respectively) than
observed in this study.

Conclusions

Overfeeding with soybean meal and corn gluten meal
can be a strategy to increase the number of ovulations in
Santa Ines ewes. Overfeeding with soybean meal can be an
efficient practice to increase the plasma progesterone
concentration in Santa Ines ewes. Higher energy and protein

intake in ewes subjected to overfeeding positively affects
the diameter of the largest follicle of anovulatory waves.
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