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Corn oil enhances progesterone and estradiol plasma levels in tropical hair sheep

El aceite de maíz incrementa los niveles séricos de progesterona y estradiol en ovejas
de pelo
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ABSTRACT. The objective of the present study was to evaluate the inclusion of corn oil in the diet of sheep and its

e�ect on serum levels of progesterone and estradiol, Twenty-one Pelibuey sheeps were divided into three treatments

based on the level of oil included in the diet (T0 = 0, T3 = 3 and T6 = 6% respectively, on dry basis). Blood samples

were obtained to determine hormones in serum. Cholesterol and progesterone were higher for T3 and T6 treatments

(p <0.05) compared to T0. Insulin was higher (p <0.05) in the T6 treatment compared to treatments T3 and T0. At

the time of ovulation, estradiol concentration was higher (p <0.05) for treatments T3 and T6 compared to T0. The

inclusion of corn oil in the diet increases the levels of cholesterol, progesterone, estradiol and insulin in sheep hair.
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RESUMEN. El objetivo del presente estudio fue evaluar la inclusión del aceite de maíz en la dieta de ovejas y su

efecto en los niveles séricos de progesterona y estradiol, Veintiún ovejas Pelibuey fueron divididas en tres tratamientos

con base al nivel de aceite incluido en la dieta (T0 = 0, T3 = 3 y T6 = 6% respectivamente, en base seca). Se

obtuvieron muestras sanguíneas para determinar hormonas en suero. El colesterol y la progesterona fueron mayores

para los tratamientos T3 y T6 (p < 0.05) en comparación con T0. La insulina fue mayor (p < 0.05) en el tratamiento

T6 en comparación con los tratamientos T3 y T0. En el momento de la ovulación, la concentración de estradiol fue

mayor (p < 0.05) para los tratamientos T3 y T6 en comparación con T0. La inclusión de aceite de maíz en la dieta

incrementó los niveles de colesterol, progesterona, estradiol e insulina en ovejas de pelo.

Palabras clave: Colesterol, hormonas ováricas, insulina, suero sanguíneo

INTRODUCTION

Reproduction in ruminants is in�uenced by
several factors such as species, breed, physiological
state, nutrition, and others. Within these factors,
nutrition is both a requirement and a management
tool, while dietary fat is an important source of

fatty acids and energy accordingly. However, for
strategies of lipid supplementation, it is important
to consider the percentage of inclusion in the diet.
In ruminants, oils rich in linoleic acids at 4% of
the diet on a dry matter basis, do not show dele-
terious e�ects on productive performance (Roy et

al. 2017). The mechanisms by which oil improves
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animal reproductive capacity were established as
energetic and e�ciency, by avoiding de novo syn-
thesis of several compounds. However, an improve-
ment in energy status may be mediated by changes
in metabolic hormones (Scaramuzzi et al. 2006).
Lipid levels consumed in the diet are associated
with a modi�cation in lipid metabolites in plasma,
the increase in ovarian steroid secretion and other
enzymes involved indirectly in reproductive pro-
cesses of ruminants (Gulliver et al. 2012). Salas
et al. (2011) mention that higher dietary lipids are
directly related to an increased concentration of
serum cholesterol and high-density lipoproteins in
follicular �uid. Cholesterol is a precursor to estradiol
synthesis and progesterone and therefore may alter
their blood serum concentration, a�ecting positively
or negatively reproductive aspects (Rahbar et al.
2014). Insulin could be considered another impor-
tant metabolic hormone in the reproduction of the
ewe; insulin is key on signaling the metabolic sta-
tus of the animal, and in this context, can alter
the frequency and concentration of LH and thus
the ovarian response when interacting with glucose
and leptin (Vinoles et al. 2005, Velazquez et al.
2008). In ruminants, insulin exerts a direct action
on the membrane of granulosa cells, an action that
may be required for the development of an optimal
steroidogenic status (Dupont et al. 2014), that
brings a better development of corpus luteum cells,
a reduction in the synthesis of PGF2α (Mattos et

al. 2000) and hence a delay in luteolysis (Williams
1989). The objective of the present investigation
was to evaluate the inclusion of corn oil in the diet
of sheep and its e�ect on cholesterol, insulin, estra-
diol, and progesterone blood serum pro�les.

MATERIALS AND METHODS

This experiment was performed according to
the procedures established by bioethics committee
of the Universidad del Papaloapan (CBUNPA/2016-
03). The study was carried out during the
spring season at the experimental area campus
Loma Bonita, Oaxaca, located in the geographi-
cal coordinates 95◦53' North Latitude and 18◦06'

west longitude, at a height of 30 meters above sea
level. Twenty-one adult multiparous, non-lactating
Pelibuey ewes were used, with a body condition
(BC) at the start of the experiment of 2.7 ± 0.2
points on a scale of 1-5 (Russel et al. 1969) and
body weight of 33.9 ± 1.57 kg. The sheep were
con�ned for a period of 28 days, and randomly dis-
tributed into three treatments, isoenergetic (8.9 MJ
d−1) and isoproteic (10.5% CP), di�ering on corn oil
level used: T0: (0%, n = 7), T3: (3%, n = 7), and
T6: (6%, n = 7). Diets were balanced according to
requirements for sheep (ARFC 1993).

The estrus synchronization protocol (PGF2α:
Dinoprost, Lutalyse, P�zer) and blood sampling
times are shown in �gure 1. The blood samples
were collected (10 ml) from each ewe by jugular
vein puncture using EDTA vacutainer tubes (10%).
The samples were kept under refrigeration for less
than 60 min, centrifuged at 1 460 g for 10 min, and
plasma was extracted and stored at -20 ◦C until
analysis.

Hormone measurement: Insulin was deter-
mined by radioimmunoassay (Insulin Cout a Count,
DPC, USA). Coe�cients of variation for intra and
inter assay insulin were 11.1 and 13.5%, respec-
tively. Progesterone (P4) was analyzed by radioim-
munoassay using a commercial kit (DPC, TKPGX,
LAG, USA.), the intra and inter assay coe�cient of
variation was 6.54 and 2.92%, respectively, choles-
terol: an enzymatic method was used (Sera Pak
Plus, Bayer, Germany) and estradiol (E2): was ana-
lyzed by radioimmunoassay (DPC, California, USA).

Plasma cholesterol and progesterone were
analyzed using a one-way ANOVA; insulin and
estradiol were analyzed using a repeated measures
two-way ANOVA (mixed model), where treatment
and the time interval were the �xed e�ects. Data
analysis were performed using the statistical soft-
ware GraphPad Prism 5.

RESULTS AND DISCUSSION

The sheep weight at the beginning and end
of the experiment, average daily weight gain (DWG)
and BC did not vary on any the level of corn oil in
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Figure 1. Schematic diagram of estrus synchronization and collection of blood samples.

Table 1. lood serum concentration of Progesterone (ng ml−1) (± SD)
and Cholesterol (mg/dl) (± SD) at the luteal phase in tropical hair sheep
supplemented with corn oil at three levels on a dry matter basis.

Treatments
Variable 0% 3% 6%

Cholesterol 102.14 ± 2.65b 106.42 ± 3.48a 108.57 ± 3.40a

Progesterone 2.34 ± 0.66b 3.31 ± 0.48a 3.88 ± 0.24a

SD: Standard deviation, a,b Means with di�erent letters in the same row,
indicate signi�cant di�erences (p < 0.05).

the diet, and the daily weight gain did not show
di�erences between treatments either (p > 0.05).
Since diets were isoenergetic and isoproteic, and cal-
culated for a positive nutrient balance, the ewes ex-
pressed positive DWG. However, as the oil in the
diet increased, DWG did the opposite (T0: 72.57 ±
0.02, T3: 63.00 ± 0.01 and T6: 48.85 ± 0.02). It
has been reported that the addition of fat sources
in excess of 6% of the diet on a dry matter basis,
causes a depression in dry matter �ber and energy
digestibility (Hess et al. 2008), and changes the
pattern of fermentation (Fiorentini et al. 2015).
Jenkins et al. (2002) fed diets based on corn and
soybean oil to grazing sheep, and observed a de-
crease in the ruminal acetic: propionic ratio. In this
sense, feeding fat to the ruminant animal induces
a lower energy e�ciency and a greater proportion
of acetic acid. Otherwise, an increase in the molar
ratio of propionic acid generally results in a better

DWG (Al-Arif et al. 2016).
The serum concentration of progesterone and

cholesterol was similar between treatments T3 and
T6, however, there was a di�erence (p < 0.05)
compared with the control group (T0) in the luteal
phase of the estrous cycle (Table 1). At higher oil
levels in the diet, the level of cholesterol and proges-
terone concentrations rised. These responses corn
oil supplementation, increases the energy concen-
tration of rations and thus promotes the production
of steroid hormones (Santos et al. 2008). There
is evidence that indicates that after supplementa-
tion with lipids, blood serum and follicular choles-
terol (Staples et al. 1998) and progesterone in-
crease (Moriel et al. 2014), resulting in a longer
middle life of the corpus luteum (Fontona and Torre
2016). Ghoreishi et al. (2007) reported that an
increase of plasma progesterone in sheep supple-
mented with fatty acids is especially important when
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Table 2. Insulin concentration in serum (mean ± standard deviation, ng ml−1), after estrus
in tropical hair sheep supplemented with three levels of corn oil as percent of the diet on
a dry matter basis.

Treatments
Time after estrus initiation (h) 0% 3% 6%

8 1.77 ± 0.30b 1.81 ± 0.22b 2.79 ± 0.20a

11 1.76 ± 0.17b 1.91 ± 0.23b 2.13 ± 0.18a

14 1.44 ± 0.57b 1.67 ± 0.14b 2.24 ± 0.15a

17 1.49 ± 0.10b 1.90 ± 0.13b 2.49 ± 0.20a

20 1.514 ± 0.131b 1.943 ± 0.171b 2.918 ± 0.134a

SD: Standard deviation, a,b Means with di�erent letters in the same row, indicates statis-
tical di�erences (p < 0.05).

Table 3. Blood serum concentration of Estradiol (pg dl−1) (± SD)
before, at and after estrus in tropical hair sheep supplemented with
corn oil at three levels on a dry matter basis.

Days to estrus Treatments (percent oil in the diet)
presentation 0% 3% 6%

-2 8.34 ± 0.82b 9.77 ± 0.68a 9.27 ± 0.84a

0 11.41 ± 1.36b 13.53 ± 0.92a 13.64 ± 0.48a

2 10.71 ± 1.48b 12.81 ± 0.63a 12.09 ± 0.63a

SD: Standard deviation. Means with di�erent superscript letters in
the same row, are di�erent (p < 0.05).

these concentrations are maintenance in the luteal
phase of the estrous cycle, because it generates
a positive e�ect on pregnancy establishment and
maintaining, since cholesterol is necessary for the
synthesis of progesterone. For that reason, the in-
creased availability of cholesterol generates a posi-
tive e�ect on reproductive behavior. Wehrman et al.
(1991) reported that luteal cells from cows fed with
6.6% lipids in the diet have an increased secretion of
pregnenolone and progesterone compared to those
who received 2.2%. Another factor to consider is
the e�ect exerted by the fatty acids in the synthesis
of prostaglandins, which may serve as precursors or
inhibitors of the synthesis of PGF2α depending on
the fatty acid concentration in tissues where they
are synthesized (Patterson et al. 2012). In sheep,
uterine epithelial cells have shown a reduction up
to 50% of the PGF2α, when they are treated with
linoleic and linolenic acid (Zhangrui et al. 2005),
and that the polyunsaturated fatty acids may also
inhibit the synthesis of PGF2 a and hence induce a
delay in luteolysis (Gulliver et al. 2012).

The serum concentration of insulin (Table 2)
was a�ected by the highest oil level (6%) included
in the diet (p < 0.05) compared to the T0 and T3

concentrations. Mean levels of insulin (ng ml−1) in
the present study are similar to those reported by
Espinoza et al. (2008) when supplementing ewes
with bovine fat (2.5 ± 0.11), a control diet (1.78
± 0.11) and calcium soaps of fatty acids (1.72 ±
0.11). Herrera et al. (2003) found no di�erences
between the levels of this hormone in sheep fed
with 0 and 3% corn oil, a similar result of the one
present work. Williams and Stanko, (2000) reported
a higher insulin concentration in cows supplemented
with polyunsaturated fatty acids and found that
linoleic acid increases propionate production, which
acts as a promoter of insulin secretion and prevents
mobilization of adipose tissue fat. High concentra-
tions of insulin reduce hepatic expression of proges-
terone catabolic enzymes such as cytochromes P450
2C and 3A (Lemley et al. 2008) and increases cir-
culating progesterone concentrations (Moriel et al.
2008, Lopes et al. 2009).

Estradiol concentrations (Table 3) in plasma
were increased in sheep with supplemented corn oil
treatments (p < 0.05) compared to the animals
in the control group, and concentrations of this
hormone became higher as ovulation approached.
Robinson et al. (2002) reported an increase in blood

www.ujat.mx/era

586

DOI: 10.19136/era.a5n15.1511



Meza-Villalvazo et al.
Corn oil and plasma hormones

Ecosist. Recur. Agropec.
5(15):583-589,2018

serum estradiol in dairy cows supplemented with
18:3 and 18:2 fatty acids, compared with a con-
trol group. Similarly, Zachut et al. (2008) reported
a greater estradiol concentration in plasma when
cows were fed low and high levels of polyunsatu-
rated fatty acids (4.9 and 5.1 pg ml−1) compared
with the control group (3.5 pg ml−1). Concentra-
tions of estradiol in blood plasma were positively
related to oestrus length (Mondal et al. 2006), the
diameter of the preovulatory follicle, and pregnancy
rate in cows (Perry et al. 2014). Plasma levels of
estradiol reported in this study could be attributed
to an increase in ovarian steroidogenesis or possi-
bly to decrease in steroid catabolism in the liver

(Zachutl et al. 2011). The in vitro addition of C18:
3 n-3, present in the corn oil, increases the lifes-
pan of progesterone and estradiol (Piccinato et al.
2010).

We conclude that inclusion of corn oil (3
or 6% of the diet) enhances blood serum concen-
trations of estradiol, progesterone, and cholesterol,
meanwhile insulin concentration in serum was in-
cremented with 6% of Corn oil in the diet, however,
DWG may be compromised by corn oil added. This
change promoted by corn oil in the diet over choles-
terol, progesterone, estradiol and even insulin (at
6% oil inclusion level) could positively in�uence the
reproductive traits in hair sheep in the tropics.
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