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Abstract 
The aims of this study were to evaluate the superovulatory response (SR), embryo quality and 

embryonic development in Katahdin ewes that received a dietary supplement of palm oil (PO). Ten ewes 
were assigned to receive 35 g palm oil (n = 10, PO3) and 10 to receive 70 g palm oil (n = 10, PO6) for 25 
days. On day 0, the ewes were synchronized with 0.3 mg progesterone-releasing devices (CIDR-G®). From 
days 6 to 9, the donors were superovulated with 200 mg follicle-stimulating hormone (FSH) (Folltropin-V®) at 
decreasing doses every 12 hours (40 - 40, 30 - 30, 20 - 20 and 10 - 10 mg/ewe). On day 8, the devices were 
removed and donors were mated twice with fertile rams at 12-h intervals. Seven days after mating, the 
embryos were recovered and evaluated for their stage of development and quality grade (1 = excellent, 2 = 
good, 3 = bad and 4 = degenerated). In addition, on days 0, 7 and 15, blood samples were taken to 
determine cholesterol, triglycerides, insulin and insulin-Iike growth factor-1 (IGF-1) concentrations in serum 
blood. Using chi-square and t-tests, the superovulatory response (SR), ovulation rate (OR), total embryonic 
structures (TES), transferable embryos (TE), degenerated embryos (DEs) and developmental stage and 
quality were evaluated. No significant differences were observed between treatments for SR, OR, TES and 
TE variables or for cholesterol, triglycerides, insulin and IGF-1 concentrations. There were differences in the 
numbers of DE, as well as a trend for more homogeneous developmental stage in the embryos of ewes 
supplemented with PO6, as well as a higher number of quality 1 embryos and lower numbers of quality 3 and 
4 embryos. Palm oil supplementation could be a recommendable practice to improve the quality of embryos 
and homogenous developmental stage (morula and blastocyst).  
______________________________________________________________________________________ 
Keywords: Fatty acids, ovarian activity, sheep 
# Corresponding author: carlos.luna@ujat.mx 
 
 
Introduction 

The inclusion of vegetable fats in supplements for cattle and sheep feeding improves the energy 
balance and bioavailability of fatty acids for the synthesis of cholesterol, eicosanoids and steroid hormones. 
These metabolites have a number of functions in ovarian and uterine activity, and have been shown to have 
a positive influence in the reproductive performance of sheep and cattle (Mattos et al., 2000; Santos et al., 
2008). Concentration of selenium in follicle population and diameter increased in dairy cattle when the  
dietary energy density was increased (Gwazdauskas et al., 2000; Marei et al., 2009; Renaville et al., 2010). 
Also, increases in diameter, higher numbers and quality of oocyte and larger sizes of the corpus luteum (CL) 
and gonadotropin secretion of the dominant follicle have been observed in sheep (Mattos et al., 2000; 
Boland et al., 2001; Marei et al., 2010). The supplementation of diets with corn oil, which is rich in 
polyunsaturated fatty acids (PUFAs) resulted in a higher number of CL and embryos being collected in 
Pelibuey sheep that underwent superovulatory treatment (Herrera-Camacho et al., 2008). Moreover, some 
studies have reported that fat supplementation in ruminants causes high blood cholesterol level (COL), high-
density lipoproteins and low-density lipoproteins (Espinoza et al., 2008). These metabolites are the main 
precursors of COL for the synthesis of steroid hormones (Whates et al., 2007; Manna et al., 2009), hence 
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contributing to improving the development of follicles and the steroid hormone-synthesizing capacity of the 
ovaries. Thus, it is important to determine the way in which the metabolism of vegetable fats relates to the 
ovarian response and quality of embryos in ewes.  

The benefits to ovarian function, quality, number and size of the follicles of including a PUFA diet have 
been documented (Wonnacot et al., 2010; Meza- Villalvazo et al., 2013). Their effects in prostaglandins and 
steroid biosynthesis are mediated by alterations in the uterus gene expression, which in turn promotes 
development and embryo implantation (Wonnacot et al., 2010; Hughes et al., 2011; Waters et al., 2012).  

In tropical regions there are diverse sources of feedstuffs rich in fatty acids (Velázquez & Gómez, 
2010), such as oil extracted from the kernel of the African palm (Elaeis guineensis), which exhibits an 
approximate content of 51% unsaturated fatty acids and 49% saturated fatty acids. Since the effectiveness 
of crude palm oil (PO) in the reproductive activity of ruminants has not been proven (Trujillo-Castillo et al., 
2010), it is worth evaluating its potential in ewes that are intended for multiple ovulation and embryo transfer. 
The objectives of the present study were therefore to evaluate the SR, embryo quality grade and embryonic 
developmental stage, and their relation to certain lipid, insulin and IGF-1 metabolites in hair ewes whose 
feed has been supplemented with palm oil. 

 
Materials and Methods 

The study was conducted from February to March 2014 (out-of-season breeding) in the municipality of 
Cunduacan, Tabasco, Mexico, which is located at 18°04'06.69720" N, -93°10'55.18200" W. In this region, a 
wet tropical climate prevails, with abundant rainfall in summer Am(w) (Garcia, 2004). The annual average 
temperature is 26 ºC, with mean annual precipitation of 2643 mm (INEGI, 2010). Under this premise, which 
was a completely randomized design, 20 Katahdin donors were used. The ewes were assigned to two 
groups: PO3 (n = 10; 54.20 ± 1.92 kg; 3.9 body condition); and PO6 (n = 10, 53.8 ± 2.87 kg; 3.85 body 
condition). Taking 1.1% dry matter intake as the base in maintenance (NRC, 1985), the ewes in PO3 
received 3% (35 g) and those in PO6 received 6% (70 g) crude PO. The oil was mixed daily in a 500 g/ewe/d 

supplement containing 10.46 MJ/kg metabolizable energy (ME) and 135 g crude protein/kg. The conditioning 
period was eight days and the evaluation period 25 days. The superiority of treatments that include 
vegetable fats over a control group is evident, so a control group was not included in this study. 

The ewes remained confined, with maize silage and water ad libitum. The handling procedures were 
conducted according to the Mexican Official Standard 051-ZOO-1995 guideline for humane handling and in 
accordance with the Mexican official standard of technical specifications for the production, care and use of 
experimental animals. 

Reproductive performance evaluation in donor ewes included the superovulatory response (SR) 
(number of CL present in the ovaries), number of embryonic structures recovered, quality and embryo 
development stage. The donors underwent the following oestrous synchronization and superovulatory 
protocol: On day 0, the donors were synchronized with a short protocol, which included an intravaginal 
progesterone-releasing (0.3 mg) device (CIDR-G®, Pfizer, Hamilton, New Zealand), which was removed eight 
days after application (7:00). At intravaginal-device removal, 75 µg IM D-cloprostenol (Sincroprost, Bio-Zoo, 
Mexico) was applied. The donors were superovulated at a total dose of 200 mg FSH (Folltropin-V® Bioniche 
Animal Health, Ireland), administered at decreasing doses every 12 hours at 06:00 and 18:00 (40 - 40, 30 - 
30, 20 - 20 and 10 - 10 mg/ewe), according to the manufacturer’s protocol (Figure 1).  
 

 
Figure 1 Superovulation protocol and embryo recovery in ewes at decreasing doses of follicle-stimulating 
hormone. 
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The oestrous behaviour was monitored twice a day (7:00 and 18:00) with 1 h observation period, 
starting 18 hours after the removal of the intravaginal progesterone-releasing devices. A targeted mating was 
performed with fertile rams with two copulas at 12 h intervals.  

To verify the superovulatory response (SR), a laparoscopic examination was performed with a 5 mm 
cannula (laparoscope, IVT). After confirming the response, a midline laparotomy was carried out seven days 
after mating to expose the uterine horns and recover the embryonic structures. Before this surgical 
procedure, the animals were sedated with 0.1 mg 2% intravenous xylazine (Pisa Agropecuaria, Mexico) per 
kg live weight and 5 mg intravenous ketamine (Ketalin, Probiomed, Mexico) per kg live weight The aseptic 
protocol included a trichotomy, which was performed cranially 1 cm above the mammary gland, and 
disinfection with 3% iodine solution. For local analgesia, a subcutaneous infiltration was carried out over the 
midline incision with 6 - 8 mL 2% lidocaine (Astra Zeneca, Mexico). After placing the surgical drape, a 4-cm 
incision was made above the udder to expose the uterine horn and record the number of corpus luteum (CL). 
Recovery of embryos was conducted by puncturing the horns at their base with a 14G x 1” catheter 
(Punzocat®), where a latex-free, one-path 8 Fr urological catheter (ROB-NEL DOVER™) was inserted. A 
second puncture was made one cm below the first at the base of the uterine horn, using a 14G × 1” catheter 
(Punzocat®), through which an endovenous catheter was inserted to apply 50 mL Hartmann’s solution 
(Laboratorios Pisa, Mexico) to wash each horn twice.  

To determine the blood metabolites of total cholesterol, triglycerides, insulin and IGF-1 concentrations, 
blood samples were obtained on days 0, 7, and 15. After the samples had been taken, blood serum was 
separated after letting the sample clot and settle down for 30 min at room temperature, then centrifuged at 
3000 rpm, aspirated with a digital pipette, placed in Eppendorf 1.5 mL tubes and stored at −20 ºC until 
metabolites and hormones were quantified. Total cholesterol and triglycerides concentrations were 
determined using an immunosorbent assay at the metabolic chemistry laboratory of the Academic Division of 
Health Sciences, UJAT. The IGF-1 and insulin concentrations were determined by ELISA, using commercial 
kits (EIA-4140 and IEA-2935, DRG, Germany) at the animal reproduction laboratory of the Academic 
Division of Agricultural Sciences of UJAT. A variation coefficient (VC) of 2.6% and 2.9% was used during and 
between assays, respectively, for insulin; and a 6.6% and 7.7% VC, during and between essays, 
respectively, for IGF-1. 

The SR percentage was determined based on the number of ewes with super ovulatory response 
versus the number of ewes per treatment multiplied by 100. Ovulation rate (OR) was determined through CL 
counting on both ovaries. The structures recovered were embryonic and non-embryonic. All embryos 
recovered were considered for the number of total embryonic structures (TES). These embryos were 
evaluated and classified on the basis of embryonic development and quality grade in accordance with the 
criteria set out by the International Society of Embryo Transfers (Wright et al., 2000), where Grades 1 
(excellent) and grade 2 (good) corresponded with transferable embryos (TE) and degenerated or non-
transferable embryo (DE) belonged to Grades 3 and 4. Fertilization rate (FR) was calculated with this 
equation: FR= [TES/ (TES+UNF)] × 100.  
Where: 

TES = total embryonic structures 
UNF = unfertilized oocytes 
Recovery rate (RR) was calculated with this ratio: RR = [(TES+NES)/ CL)] × 100 
NES = total non-embryonic structures  
(For non-embryonic structures (NES), unfertilized oocytes and empty pellucid zones were considered) 
CL = number of corpus luteum. 
 
A t-test was used to determine the effect of treatment on the SR, OR, RR, FR, TE and FR variables 

and other structures (pellucid zone and oocytes), and total embryos, TE and DE using chi-square by PROC 
FREQ from SAS. The stage of development and quality of embryos were analysed with the PROC CATMOD 
procedure from SAS. The t-test was carried out for these variables: total cholesterol, triglycerides, insulin and 
IGF-1 using the same statistical procedure. 
 
Results  

The average SR of ewes was 75%. No statistical differences were observed in SR between the PO 
levels (Table 1). The average RR rate was 85%, with an average OR of 9.33 CLs per ewe. No significant 
differences were observed between PO3 and PO6. The FR was 82.2%, without statistical differences 
between treatments. 

The average number of recovered structures (embryos, oocytes, and pellucid zone) was 7.87, with no 
differences between treatments (Table 2). The number of structures classified under other categories 
(pellucid zone and oocytes) were similar between treatments. The average number of TE (qualities grades 1 
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and 2) was 2.86 ± 0.74, without significant differences between treatments. However, a lower number of DE 
(P <0.04) was observed in ewes supplemented with 6% PO. 
 
 
Table 1 Means ± SE of superovulatory response in Katahdin ewes supplemented with 3% (PO3) and 6% 
(PO6) palm oil  
 

Variables evaluated  
PO3 PO6 

P-value 
Mean ± SE Mean ± SE 

      
Number of ewes 10  10  - 
Superovulatory response (%) 80.0 (8) 12.65 70.0 (7) 14.49 0.60 
Ovulation rate (number of CL) 9.00 1.60 9.71 1.21 0.41 
Recovery rate (%) 85.8 12.03 84.3 11.58 0.81 
Fertilization rate (%) 86.2 12.38 77.7 10.03 0.51 
      

SE: standard error; CL: corpus luteum; PO: palm oil.  
 

 
Table 2 Means ± SE of embryonic classification in Katahdin ewes supplemented with 3% (PO3) or 6% (PO6) 
of palm oil  
 

Variables evaluated 
PO3 PO6 

P-value 
Mean ± SE Mean ± SE 

      
Number of ewes 8 - 7 - - 
Recovered structures 7.75 2.01 8.00 1.51 0.41 
Total embryos 6.12 1.78 5.57 1.64 0.73 
Transferable embryos (quality 
grades 1 and 2)* 2.87 0.78 2.85 1.38 0.99 

Degenerate embryos 3.25 1.95 2.29 0.87 0.04 
Other structures 2.00 1.08 1.67 0.76 0.28 
      

SE: standard error; PO: palm oil. *Quality grade 1 (excellent) and Quality grade 2 (good).  
 
 
Table 3 Embryonic structures according to stage of development and quality grade in Katahdin ewes 
supplemented with 3% (PO3) and 6% (PO6) palm oil  
 

Embryonic classification  
PO3 PO6 

P-value 
Structures observed Structures observed 

    
Development stage 5* 11 8 0.07 
Development stage 6 6 8 0.07 
Development stage 7 1 7 <0.001 
Other development stage  13 1 0.005 
Quality 1** 8 14 0.05 
Quality 2** 10 6 0.34 
Quality 3 and 4** 14 4 0.01 
    

PO: palm oil. 
* Development stage: 5 = early blastocyst; 6 = blastocyst; 7 = expanded blastocyst. 
**Quality: 1 = excellent and good embryos; 2 = average embryos; 3 = poor embryos; 4 = degenerated embryos. 
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An analysis by developmental stage showed that most of the embryos from ewes supplemented with 
6% PO displayed (Table 3) a trend towards blastocysts (P = 0.07) and expanded blastocysts (P <0.001), 
versus the ewes supplemented with 3% PO, where there was a trend towards a greater number of early 
blastocyst stages (P = 0.07) and other lower developmental stage (P <0.05). The ewes supplemented with 
6% PO showed greater numbers (P = 0.05) of embryos classified under quality 1 (excellent and good), and a 
lower number (P = 0.01) classified under qualities 3 and 4 (poor and degenerated).  

No statistical differences were found in the concentrations of cholesterol, triglycerides, insulin and IGF 
metabolites between ewes supplemented with 3% and 6% PO (Table 4). Hence, there is no conclusive 
evidence that shows a relationship between the SR and the quality of embryos. 

 
 

Table 4 Means ± SE of cholesterol, triglyceride, insulin and insulin-like growth factor-1 concentrations in 
Katahdin ewes supplemented with 3% (PO3) and 6% (PO6) palm oil 
 

Treatment COL 
(mg/dL) 

TRIG 
(mg/dL) 

INSUL 
(ng/mL) 

IGF-1 
(ng/mL) 

     
PO3 85.57 ± 9.34 29.83 ± 8.53 0.57 ± 0.08 182.28 ± 15.02 
PO6 80.04 ± 7.69 40.43 ± 9.68 0.40 ± 0.07 189.55 ± 21.16 
     

a, b Different literals between rows are statistically different (P <0.05). 
COL: cholesterol; TRIG: triglyceride, INSUL; IGF-1: insulin-like growth factor-1.  

 
 
Discussion 

Multiple ovulation and embryo transference procedures have been applied in sheep and other species 
as successful tools to enhance genetic progress by promoting the progeny multiplication of genetically 
superior animals and to preserve genetic material (Bari et al., 1999; Mayorga et al., 2011; Bruno-Galarraga 
et al., 2014).  

The results achieved in SR and OR, and structures and embryos recovered in this study (out-of-
season breeding) were comparable with those reported by Bettencourt et al. (2008) in Black Merino ewes. In 
spring, these authors reported an SR of 68.8% with ovulation, fertilization and recovery rates of 12.5%, 
92.7% and 80%, respectively. However, the number of freezable embryos was 8.3, a greater number than 
the number of TES obtained in this study. 

It has been reported that the SR in donor females is determined by the hormone treatment (Mayorga 
et al., 2011), the number of TE (Bruno-Galarraga et al., 2014), the season of year (McEvoy et al., 1998; 
Forcada et al., 2006; Bettencour et al., 2008), and nutritional effects, such as the inclusion of fats in the diet 
(Huang et al., 2009). These factors are related directly or indirectly to fertilization and recovery rate (RR) 
(Mayorga et al., 2011). 

The results are similar to those reported by Bari et al. (1999), with an average of 8.6 to 10.0 TES per 
ewe, an OR between 9.5 and 11.7 CLs, an SR between 65.6% and 72.9%, and an FR between 75.2% and 
82.0%. The results in this study were comparable with those reported by Mayorga et al. (2011), with OR, RR 
and FR of 7.0 CLs, 80% and 80%, respectively, using intravaginal sponges with 40 mg flurogestone acetate. 

In terms of the quality of embryos associated with dietary fat supplementation, the types of fatty acids 
and the energy levels in the diet could have a positive impact on the reproductive aspects of ewes (Fouladi-
Nashta et al., 2009). The results of this study show positive effects of PO addition in a ratio of 6% in ewes, 
because a lower number of DE was observed, together with a greater number of embryos of excellent or 
good quality, and hence a lower number of poor or DE. 

These results are supported by the studies of several authors in which various sources of fat and their 
fatty acids were evaluated (Wonnacot et al., 2010; Herrera Camacho et al., 2011). Zeron et al. (2002) by 
administering fish oil in calcium soap to sheep, found better quality oocytes and membrane integrity in 
relation to a greater ratio of fatty acids in plasma, follicular liquid and cumulus cells, which match the results 
of Morei et al. (2009, 2010). Meza-Villalvazo et al. (2013) observed a greater ratio (77.5%) of oocytes 
classified under excellent or good quality in sheep supplemented with 3% and 6% corn oil versus sheep that 
did not receive corn oil (46%). In addition, the ratios of regular and poor-quality oocytes increased in sheep 
that that did not receive corn oil (56%), compared with those that received 3% and 6% corn oil. 

The addition of dietary fat improves not only the quantity and quality of oocytes, but also early 
embryonic environment and development (Ashworth et al., 2009; Hughes et al., 2011). Uniformity in the early 
embryonic developmental stage is related to the time of service and the day on which the embryo recovery is 
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performed. However, the differences found in this study for more uniform embryonic development in 
developmental stages 6 and 7 (blastocyst and expanded blastocyst) in ewes supplemented with 6% PO may 
be associated with the positive effect of PUFAs (omega 3 and 6) (Akbarinejad et al., 2012) in PO on ovarian 
and uterine environment, which favours follicular development, fertilization, embryonic development and 
viability, all of which are consistent with the improvement of oocyte quality as the PUFA levels are increased 
(Meza-Villalvazo et al., 2014). It is well known that the provision of PUFAs modifies cell processes positively, 
including biosynthesis of prostaglandins, steroidogenesis, regulation of transcription factor, maternal immune 
response and remodelling of uterine tissue (Waters et al., 2012), as was observed by several authors using 
various sources of PUFAs (Webb et al., 2003; Childs et al., 2008; Waleed et al., 2010; McEvoy et al., 2012). 

The inclusion of long-chain n-3-PUFAs probably regulates the expression of a number of genes in the 
endometrium, which may influence uterine function and, consequently, the survival of embryos (Coyne et al., 
2008; 2011), which has been proven through a reduction in the concentration of phospholipase A2, followed 
by a decrease in genic expression, hence reducing the availability of arachidonic acid for the production of 
series 2 prostaglandins (Waters et al., 2012). 

Steroid hormones are essential in reproductive processes (Manna et al., 2009). In steroidogenesis, the 
transport of cholesterol inside the mitochondria by the steroidogenic acute regulatory protein (STAR) is a 
limiting stage in the production of steroid hormones (Manna et al., 2005). Prostaglandin F2α (PGF2α) may 
inhibit the genic expression of STAR in the CL and ovaries in several species (Fiedler et al., 1999). It is 
known today (Waters et al., 2012) that PUFAs promote an increase in the expression of STAR, which is an 
indication of a decrease in the luteotropic effect of PGF2α, favouring the development, survival and reduction 
of DE (Santos et al., 2008). 

In these metabolic processes, lipids, glucose, IGF-1 and insulin act in a coordinated and synergic 
fashion with gonadotropins in folliculogenesis (Webb et al., 1999). Childs et al. (2008) reported that 
supplementation with n-3-PUFA leads to an increase in the concentrations of COL and systemic IGF-1 and a 
decrease in the number of DE in heifers. This agrees with the results of this study, in which lower levels of 
COL and higher levels of IGF-1 were observed in the ewes supplemented with PO6, with no statistical 
differences with regard to PO3, probably because of the similarity in the provision of fatty acids between the 
two treatments, which prevented finding any differences. 

The similarity between the levels of insulin in animals of the two treatment groups is probably because 
fatty acids of the same source were provided to both groups. In this sense, Espinoza et al. (2008) compared 
the dietary supplementation of sheep with fats from different sources, diets with no additional fat, and those 
with calcium soap and bovine fat, and reported higher levels of insulin in the animals that consumed bovine 
fat, since the monounsaturated fatty acids (oleic) increased the level of rumen propionate, thus influencing 
the level of insulin (Sano et al., 1995; Espinoza et al., 2008). 
 
Conclusions 

In ewes supplemented with 6% PO, a higher number of embryos were recovered with more 
homogeneous developmental stage and better quality. Supplementation with PO in the preparation of donor 
ewes may be a recommendable practice contributing to an improvement in the quality of embryos, but not to 
ovulatory response and embryo yield.  
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