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ABSTRACT

This study was conducted to determine the effects of omega-3 (a-
linolenic acid) fatty acid supplementation to donor cow rations on
superovulation performance, embryo number and quality, and blood-
progesterone levels. The study was carried out with two groups, each
consisting of 10 black-and-white breed dairy cows. Control group was
fed with the basic ration prepared, and the experimental group was fed
with the ration added with omega-3 polyunsaturated fatty acid (PUFA)
source at a level of 3.82% of the basic ration dry matter (DM) for 60
days training period. Thus, each of experimental group’s cow consumed
900 g-day feed additives consisting 149.4 g omega-3 daily. The
superovulation protocol was started at the 40™ day of feeding period.

groups in terms of the response to superovulation was found to be
insignificant (P>0.05). Similarly, there was no significant difference in
blood progesterone levels between the groups (P>0.05). However, the
difference between the control group and the experimental group in
terms of transferable and non-transferable embryo rates was found to be
significantly important (P<0.05). The total number of transferred
embryos was determined as 37 in the experimental group and 79 in the
control group. The total number of non-transferable embryos was
recorded as 78 in the trial group and 43 in the control group. At the end
of the study, it was concluded that supplementation to donor cow rations
with omega-3 fatty acid sources might have a negative effects on
transferrable embryo number and quality.

According to the findings of the study, the difference between the
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1. Introduction

Embryo transfer applications are one of the main techniques for making progress in animal breeding. Success in embryo
transfer depends on the response of the donor animal to the superovulation and the number and quality of embryos obtained
(Biilbiil & Dursun 2005). There are many factors affecting the success of superovulation and also the quality of oocytes and
embryos (Hasler 2004). These factors include; related to the animal (age, race, genetics, state of the follicles, lactation, etc.),
drugs administered, feeding and other environmental factors (temperature, maintenance etc.) (Biilbiil & Dursun 2005; Kaymaz
2015).

Nutritional factors may be the most important because they can directly affect reproductive performance and have the
ability to change the effects of other factors (Smith & Akinbamijo 2000). Indeed, numerous studies have reported that nutrition
of donor cows has an effect on the number and quality of embryos in response to superovulation (Boland & Lonergan 2003;
Takahashi et al. 2013).

There is a highly complex relationship between nutrition and reproduction. The energy-protein, and mineral-vitamin
balance should be well established in dairy cattle (Ergiin & Erdogan 2001).

The energy content of the ration is the most important nutritional factor affecting milk yield, living weight and associated
body condition score (BCS) and reproductive function (Boland & Lonergan 2003). One way to improve the energy balance
and thus fertility in the early period of lactation is to increase the energy density of the rations by the addition of fat (Staples et
al. 1998).

In recent years, it has been accepted that the positive effects of the addition of fat to the ration on fertility are not due to the
improvement in the energy status of the cows, but due to the use of high amounts of specific fatty acids (Mattos et al. 2000;
Santos et al. 2008; Leroy et al. 2013). In this case, the most emphasized issue has been long-chain unsaturated fatty acids
which are omega-3, omega-6 and conjugated linoleic acid (CLA) (Sirin & Kuran 2004; Elis et al. 2016).
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Essential fatty acids have important roles in reproductive functions. Because fatty acids are involved in the synthesis of the
hormones such as progesterone and prostaglandin (PGF,, and PGE2). Arahidonic acid is a precursor of prostaglandin
hormones (PGF,, and PGE2). Linoleic acid (omega-6) is also the precursor of arachidonic acid. Cholesterol is the main
precursor to progesterone. Linolenic acid (omega-3) also plays a role in the synthesis of progesterone, as it is a precursor to
cholesterol (Mattos et al. 2000; Urlep & Rozman 2013; Tessaro et al. 2015). Indeed, it has been reported that blood
progesterone levels increase in cows fed with rations rich in linolenic acid (Mattos et al. 2000). Increased progesterone
concentrations during superovulation improve embryo quality and the number of transplantable embryos. The decrease in
blood progesterone levels leads to the ovulation of low-quality oocyte, premature onset of meiosis cleavage, and an increase in
LH release (Higccan & Yildiz 2016). It has also been reported in a study that high progesterone concentration during
superovulation application improves embryo quality collected on day 7 after superovulation (Rivera et al. 2011).

There are many studies reporting the effect of feeding on reproduction in cows. Most of these studies show that there is a
relationship between feeding and reproduction. The effects of specific nutrients on key issues such as superovulation response
in donor cows, oocyte and early embryo development and quality, and conception after embryo transfer are still unclear (Salehi
et al. 2016).

The present study aimed to investigate the possible effects of omega-3 fatty acid addition source to the ration of donor cows
on follicle development, superovulation performance and quality and number of embryos obtained from the application. Thus,
it is aimed to contribute to the literature on the relationship between fertility and fat source added to the ration in donor cows.

2. Material and Methods

This study was carried out in the Department of Animal Breeding of the Eastern Mediterranean Agricultural Research Institute.
In this study, a total of 20 Holstein cows having similar live weight (500-550 Kkg), similar body condition score (2.7-3.0), and
free of uterine infections and contagious diseases were used as animal material. The cows used in the trial were at 8-20 weeks
of lactation period. The animals were composed with similar lactation age (2-3) and similar milk yield (average 28 kg/day).
The cows were in 42-54 months of ages.

Mustafa Kemal University, Animal Experiments Local Ethics Committee's decision dated 15.07.2015 and numbered 2015,
6-11 was approved for conducting the study.

2.1. Supply of feed materials and additives

The concentrate feeds used in Total Mixed Ration (TMR) were prepared in Feeds Unit of East Mediterranean Agricultural
Research Institute. Silage and wheat straw were sourced from the farmland owned by the Institute. Vetch dry grass was
purchased from the market.

A commercial product called Flaxpro® (Volac International Limited, UK) was used as an additive in the trial Group. The
additive containing flaxseed was used as an omega-3 source (C18:3 n-3 linolenic acid) from polyunsaturated fatty acids. The
product, which is not commercially available in Turkey, was imported with the support of the firm. Flaxpro® is an energy
intensive product (23 MJ-kg KM) consisting of a combination of rumen-protected oil and omega-3 fatty acid-rich flaxseed. In
addition, the product has a content of 50% crude oil (CO) and C18:3 n-3 linolenic acid at a rate of 166 g-kg (Table 1).

Table 1- Composition of the additive used in study (%)

DM Cco CcP CF Ash Ca ME
(Dry Matter) (Crude Oil) (Crude Protein) (Crude Cellulose ) (MJ-kg DM)
96 50 15 7.5 8 5 23

2.2. Feeding of animals

The study was conducted with control and experimental groups. Experimental group fed with TMR added with supplement as
omega-3 fatty acid source. A total of 20 cows were divided into two groups each has 10 black-and-white breed dairy cows. In
the study, the animals were fed individually with TMR, which included coarse and concentrated mixed feeds (Table 2). The
composition of the TMR used in the experiment was analysed according to the method reported in AOAC (AOAC 1998).

The animal trial period of the study took a total of 60 days, including 10 days pre-feeding period + 30 days feeding period
+ 20 days superovulation protocol and uterine washing period. The experimental feeding was continued during superovulation
applications.
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Table 2- Composition and nutrient content of TMR fed to animals in study

Ingredients Control group %, DM Trial group %, DM
Corn silage 26.50 27.04
Wheat straw 12.00 14.36
Vetch dry grass 13.73 14.09
Barley 10.20 10.47
Maize 23.54 13.25
The additive - 3.82
Corn gluten 1.86 191
Soybean meals 11.59 11.89
Wheat bran - 3.07
Limestone 0.5 0.04
Salt 0.04 0.04
Vit-min. mix* 0.04 0.04
Nutrient content, %

DM, % 51.5 51.10
CP, % DM 15.1 15.1
CO, % DM 3.27 6.24
Omega-3; % DM - 0.66
Omega-3 g / day-head - 149.4
NDF, % DM 38.1 38.3
ADF, % DM 233 234
NEI, Mcal kg™t DM 35.21 35.21
DM kg / day: 23.2 226
Roughage / concentrated 52.1 55.4

*Vitamin-mineral mix; Vitamin A: 12.000.000 1U, Vitamin D3: 240.000 IU, Vitamin E: 5.000 mg, Vitamin B1: 500 mg, Vitamin B6: 1.000 mg, Niacin:
40.000 mg, Folic Acid: 100 mg, D-Biotin: 200 mg, Antioxidant: 3.500 mg; Cu: 6.000 mg; Zn: 15.000 mg; Fe: 10.000 mg; MCP P: 65.000 mg; I: 100 mg; Co:
40 mg; mg: 20.000 mg; Mn: 15.000 mg; Se: 200 mg; CaCOj3: 598.150 mg; Organic Se: 50 mg; Organic Fe: 4.000 mg; Organic Cu: 2.000 mg; Organic Zn:
8.000 mg; Organic Mn: 6.000 mg; Active yeast: 4x10'; Beta carotene: 4.000 mg; Vanilla aroma: 7.000 mg-5 kg mix.

The control and experimental group rations used in the study were prepared as isocaloric and isonitrogenic (Table 2). When
preparing the rations, the groups' average live weight, milk yield, milk fat content, body condition score values were taken into
consideration and nutrient requirement and dry matter consumption were calculated through the formulas defined by NRC
(NRC 2001). By using these calculated values, TMR was formed by balancing the roughage - concentrate feed ratio to at least
40-60 and maximum 60-40. Daily feed consumption of animals was determined during the exercise period. The average 40 kg-
day TMR per animal- was given. The prepared rations were divided into two equal amounts by weighing, and were given in
two meals, at 06.30 in the morning and 18.30 in the evening.

2.3. Superovulation protocol

The uterus and ovariums of the donor cows to be used in the study were examined for pathological or cystic structures with
ultrasound (Ultrasonic Scanner, HS-101V, Honda, Japan) before starting the feeding program.

The controlled drug released instrument (PRID Delta, Ceva, Turkey) which is the most preferred method (1.55 g
progesterone) underwent intravaginal in order to synchronize follicular development prior to superovulation programs. On the
7" day of intravaginal implant administration, FSH (Folltropin-V, Bionech Animal Health Europe Ltd., Ireland) hormone
injection was started (Bo et al. 2002). FSH hormone injections were administered intramuscularly (i.m.) in decreasing amounts
of 4-4, 3-3, 2-1.5, 1.5-1 cc, twice in 12 hours intervals for 4 days (Kaymaz 2015). At the day of 3 and -4 of the superovulation
protocol, 2 cc PGF,, (50 mg cloprostenole, Lutelen, Topkim, Turkey) was injected twice with 24 hours intervals to regress the
existing corpus luteum and to ensure ovulation. The controlled drug release material (PRID) was removed at the evening of 3rd
day of FSH hormone application. At the 12th, 24th and 48th hours following the last FSH administration, donor cows with
estrus were inseminated 3 times (B6 et al. 2002). On the seventh day after the last artificial insemination following the
superovulation protocol, the animals were subjected to uterine washing (flushing). On the day of washing of uterus, ovaries
were examined with ultrasound (Ultrasonics Convex Scanner, HS-2000, Honda, Japan), and the number and size of corpus
luteum on both ovaries were recorded. The superovulation response of the groups was evaluated by the presence of corpus
luteum on both ovaries (Albuquerque et al. 2012). At the end of the study superovulation and fertilization rates of groups were
calculated as shown below (Childs et al. 2008; Tur 2014).

Superovulation rate: 100 x (the number of corpus luteum with two or more per cow / total number of cows)
Fertilization rate: 100 x (total number of embryos / total number of cell)

2.4. Search and evaluation of embryos

The washing solution brought to embryo transfer laboratory after uterine washing process was examined under a stereo
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microscope (Leica, s8apo, Japan) in 90 mL search Petries (Agtech Square Search Dish, VWR, USA). They were classified
according to the quality criteria (IETS 2010) and developmental stages (Kanagawa et al. 1995) determined by the International
Embryo Transfer Society (IETS).

2.5. Hormone analysis

Blood samples were taken from the 20 donor cows used in the study for the purpose of progesterone hormone analysis. Blood
samples were taken 2 times during the study. The first one was taken on the 3rd day of superovulation before PGF», injection
and the second one was taken on the flushing day. Blood progesterone levels were measured by Chemmilunesons method
using the DXI1800 hormone analyzer (Beckman Coulter, California, USA) and Beckman Coulter progesterone kit at the Balcali
Hospital Central Laboratory of Cukurova University.

2.6. Statistical analysis
In the present study, Student t test, Mann Whitney U test and z test were used to compare the data obtained from the groups.

Comparison of embryo numbers obtained in Group 1 and Group 2 was performed using Chi-Square test. SPSS 11.5 package
program was used to evaluate the data (SPSS 1999).

3. Results and Discussion
Embryos classified as 1%, 2" and 3 quality were assessed as transferable embryos, while degenerate embryos and unfertilized
oocytes (UFO) and degenerate oocytes were accepted as non-transferable embryos. The number of embryos obtained in the

experimental groups are shown in Table 3.

Table 3- The number of transferable and non - transferable embryo, UFO, degenerate oocyte, total embryo and total cell
numbers of experimental groups

Transferable Non- Degenerate Total Total cell
Groups embryo transferable UFO oocyt embryo numbers*
embryo
Experiment 37 782 4 562 55 115
Control 792 43b 9 12b 101 122

*, Total cell numbers; indicates the number of oocytes and embryos obtained.

A total of 23 first quality, 12 second quality, 2 third quality and 18 degenerate embryos were obtained in the experimental
group. In the control group, 60 first quality, 18 second quality, 1 third quality and 22 degenerate embryos were obtained. The
number of unfertilized oocytes (UFO) was recorded as 4 in the experimental group and 9 in the control group. The number of
degenerated oocytes was determined as 56 in the experimental group and 12 in the control group.

The results obtained from the two of research groups were compared with the Chi-Square test in terms of degenerate
embryo numbers and degenerate oocyte numbers, There was no statistically significant difference between the groups in terms
of degenerate embryo rates (P>0.05). However, a statistically significant difference was found between the groups in terms of
degenerate oocyte rates (P<0.05). The number of degenerated oocytes in the experimental group were found to be higher than
the control group.

Similarly, the numbers of transferable embryos and non-transferable embryos between the groups were compared with the
Chi-Square test. There was a statistically significant difference between the control group and the experimental group in terms
of transferable and non-transferable embryo rates (P<0.05). The number of transferable embryos was detected higher in the
control group than in the experimental group. However, the number of non-transferable embryos was detected lower in the
control group than in the experimental group.

The comparison of the mean blood progesterone levels of experimental and control groups are shown in Table 4. There was
no statistically significant difference between the progesterone levels of the groups at the flushing day and during
superovulation (P>0.05).

Table 4- The mean blood-progesterone levels (ng mL) of the experimental groups

Groups X+Sx (during superovulation) X=xSx (flushing day)
Experiment 1.06 +£0.39 6.79+1.12
Control 2.19+0.48 10.04 £2.45
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The ovaries of the donor cows in both groups were examined by ultrasound on flushing day and the comparison of the
average number and size of the average corpus luteum detected are given in Table 5.

Table 5- The mean corpus luteum numbers and size (mm) of experimental groups

Groups X+£Sx (CL numbers) X=£Sx (CL size)
Experiment 14.10+£2.11 15.79 £ 0.63
Control 14.67 +3.03 14.78 £0.45

The corpus luteum numbers of the experimental and control groups were compared using Mann Whitney U test and corpus
luteum sizes by Student t test. There was no statistically significant difference between groups in terms of corpus luteum
number and size of both groups (P>0.05).

While all cows included in the experimental group responded to superovulation, only 9 cows responded to superovulation
in the control group. The response rates of superovulation between the groups were compared with z test (hypothesis test of
difference of rates). The difference between the groups in terms of response rates to superovulation was found to be
insignificant (P>0.05). Superovulation responses of the groups are shown in Table 6.

Table 6- Superovulation Response and Fertilization Rates (%) of Groups

Parameters Trial group Control group
Total Cows 10 10
Number of Cows Flushing 10 9
Response to Superovulation (%) 100 90
Fertilization Rate (%) 47.8 82.7

The fertilization rates of the groups were determined by the ratio of the total number of embryos obtained to the total
number of cells. According to this data; the fertilization rate was 47.8% in the experimental group and 82.7% in the control
group. Fertilization rates were compared with z test (hypothesis test of difference of rates). A statistically significant difference
was observed when the fertilization rates were compared between the experimental and control groups, (P<0.05). The
fertilization rates of the groups are shown in Table 6.

In the present study, the effect of the omega-3- rich supplementation to donor cows rations on the number and quality of
oocytes and embryos was examined. The total number of cells in terms of oocytes and embryos obtained as a result of the
study were determined similar to each other in both groups (experimental group: 115; control group: 122). In donor cows fed
with omega-3 source, the number of embryos of transferable quality was recorded lower than the control group. It was
interpreted that this difference in transferable embryo numbers between the groups may have been due to the high number of
degenerate oocytes and low rates of fertilization in the experimental group. Actually, when the numbers of degenerate oocytes
and fertilization rates were compared between the groups, the difference was found to be statistically significant (P<0.05).
While the number of degenerate oocytes obtained in the experimental group was 56, it was recorded as 12 in the control group.
However, the fertilization rates were determined as 47.8% in the experimental group and 82.7% in the control group.

The results of the present research show no resemblance to the reports of Childs et al. (2008), Petit et al. (2008) and
Albuquerque et al. (2012)’s in terms of fertilization rates. Childs et al. (2008), Petit et al. (2008) and Albuquerque et al. (2012)
have reported that the addition of n-3 polyunsaturated fatty acids to rations did not affect the number of unfertilized oocytes
(UFO) (P>0.05). In the present study, low fertilization rates depending on the high number of unfertilized oocytes is due to the
high number of degenerate oocytes in the total number of cells obtained.

While the results of the present study were compatible with Petit et al. (2008) it is different from the results of Childs et al.
(2008), Muller et al. (2009), Albuquerque et al. (2012) and Salehi et al. (2016). Albuquerque et al. (2012) found that the
average number of the degenerate embryos was statistically higher (P<0.10) in the flaxseed fed group than in the control group
in Nellore cattle. Childs et al. (2008), investigated the effects of n-3 polyunsaturated fatty acid supplementation on embryo
yield and quality in heifer rations. They found that the number of degenerated embryos obtained in heifers fed with n-3 PUFA
was lower than the control group at the end of their study.

The reasons of different results in terms of degenerate embryo numbers, reported in the previous studies might be due to
physiological characteristics of donor cows used in the studies (being a heifer or cow, lactation period, etc.) and breeds of the
cows might also affect the results.
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It could be said that based on to the data obtained from this study, the addition of omega-3 rich unsaturated fatty acid to
donor cow rations do not have a positive effect on the number of oocytes and number of transferable quality embryos. The
effect of unsaturated fatty acids on embryo quality was investigated in some in vitro studies. Fouladi-Nashta et al. (2007),
reported that linolenic acid had a positive effect on oocyte and embryo development. However, it has been found that feeding
with linolenic acid-rich ration has no positive effect on oocyte and embryo development in donor cows in some of the above-
mentioned in vivo studies. In this case, it is thought that ovulation may be delayed in superovulated donor cows fed with
omega-3 rich ration.

As it is known, a delay in ovulation in cows could lead to low fertility. In this study, it was estimated that the decrease in
oocyte quality and fertilization rates may be caused by delay in ovulation. The reason for the decrease in fertility rate due to the
delay of ovulation can be explained by aging of the oocyte within the follicle and slow embryo development and early
embryonic death and consequently decrease in fertilization. Indeed, it has been reported by Bidarimath & Glover (2015) that
ovulation was delayed in cows fed by omega-3-rich rations and this finding supports our results.

Bidarimath & Glover (2015) reported that long-chain unsaturated fatty acids added to the diets may directly or indirectly
affect LH waves and estradiol secretion before ovulation. Under normal circumstances, when the estradiol concentration
reaches a threshold or peak, the anterior lobe of the pituitary is stimulated to secrete GnRH. In the present study, depending on
this information, it is thought that ovulation delays may be due to delay in LH fluctuation and this delay may be caused by
insufficiency in estradiol release. Some other studies have also reported that the addition of unsaturated fatty acid sources to
dairy cow rations leads to a decrease in plasma estrodiol levels (Fouladi-Nashta et al. 2007).

In this study, the number and dimensions of corpus luteum detected on flushing day were compared in order to evaluate the
superovulation performance of both groups. The total number of corpus luteum on both ovaries was accepted as 2 or more in
order to develop a response to superovulation in donor cows (Tur 2014). Accordingly, all of the donor cows from the
experimental group used in the present study responded to superovulation. However, when the responses of the cows in control
and experimental groups to the superovulation applications were compared statistically, the difference between the two groups
was found to be insignificant (P>0.05). In addition, no statistically significant difference was found between the experimental
and control groups in terms of the number and size of corpus luteum (P>0.05). In this study, it was found that the effect of
feeding with rich omega-3 unsaturated fatty acid sources on the number and size of corpus luteum and superovulation response
were insignificant. This result of the present study were supported by Capovilla et al. (2006), Childs et al. (2008), Muller et al.
(2009), Ghasemzadeh-Nava et al. (2011), Albuquerque et al. (2012), Salehi et al. (2016), Gandra et al. (2017).

In literature about the research topic, it is reported that progesterone synthesis increase in linolenic acid-rich ration-fed
cows in general (Sirin & Kuran 2004; Leroy et al. 2013). However, Ambrose et al. (2006) reported that plasma progesterone
concentrations between groups remained unaffected by feeding with a ration enriched with a-linolenic acid. This finding is
consistent with the data obtained from the current research.

Similarly, Moriel et al. (2014) did not find any significant difference in serum progesterone levels of the groups in which
dietary fatty acid was added to the rations and the control group to evaluate the effects of PUFA due to calcium salts on serum
concentrations of progesterone and insulin in their study.

Ghasemzadeh-Nava et al. (2011) investigated the effects of polyunsaturated fatty acid addition to rations on plasma
metabolites, ovarian function, and prostaglandin release in lactating cows. They found that the plasma estradiol, progesterone
and PGF,, levels were similar between the groups.

The results of the present study in terms of serum progesterone levels were found to be similar with the reports of Ambrose
et al. (2006), Ghasemzadeh-Nava et al. (2011) and Moriel et al. (2014). In this case it could be interpreted that n-3 PUFA
source used in this study may be converted to stearic acid, i.e. saturated state via biohydrogenation by rumen microorganisms
for this different results (Staples et al. 1998).

4. Conclusions

As a result of this study, the effect of omega-3 source addition to donor cow rations on oocyte and embryo number and quality
was evaluated and it was determined that feeding rich in unsaturated fatty acid source led to a decrease in quality of oocytes
and the number of transferable embryos in donor cows. As a reason of this results it could be interpreted that linolenic acid
may affect granulosa cells of follicles and causes a drop in plasma estrodiol levels which leads a delay in ovulation as a result
of inadequate LH fluctuations in donor cows applied superovulation.

It is concluded that oocyte quality and embryo development may be adversely affected due to ovulation delay in donor
cows fed by ration rich in omega-3 fatty acid. In addition, the possibility of the omega-3 PUFA source which might be
converted to saturated stearic acid via biohydrogenation by rumen microorganisms should be considered.
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As can be understood from the results of the current research and the other studies about the topic, the effects of
unsaturated fatty acid source addition on superovulation performance, embryo number and quality of donor cows ration are not
clear. These contradictory results suggest that more in vivo advanced studies are needed on the subject.
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