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This work was conducted as a first time commercial production of embryos from lactating
Holstein and Brown Swiss cows using multiple ovulation embryo transfer (MOET) tech-
nology in Egypt. We studied factors affecting the superovulatory response (SR) in super-
ovulated cows and effects of propylene glycol (PG) on embryo quality. Daily milk
production at flushing had significantly negative effects on SR and embryo yields in
superovulated cows. In addition, Brown Swiss cows had better SR than Holstein cows.
Moreover, cows having more than 3 parities yielded better response, compared to cows in
the first three parities. However, factors such as body weight at flushing, body condition
score (BCS) at flushing and days in milk (DIM) at flushing did not have any association with
SR in cows. In addition, drenching of PG prior to and during the superovulatory treatment
improved SR (Right CL number, P < 0.05; Left CL number, P < 0.05), total embryos per flush
(P < 0.05), first grade embryos per flush (P < 0.01) and tended to improve transferable
embryos (P = 0.13) and second grade embryos per flush (P = 0.11). However, it tended to
increase the number of degenerated embryos per flush (0.06). In conclusion, commercial
production of embryos from lactating Holstein and Brown Swiss cows regardless of stage of
estrous cycle by MOET proved successful under Egyptian conditions. Milk yield was
negatively associated with SR and embryo yields in superovulated cows. Moreover,
drenching of PG prior to and during the superovulatory treatment improved SR and embryo
yields.
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1. Introduction

Multiple ovulation embryo transfer (MOET) can circumvent
the low fertility, improve genetics in dairy cows and can be
used to obtain over 80% of embryos produced for commercial
purposes (Lamb, 2005; Hasler, 2012). However, the variable SR
(Bo and Mapletoft, 2014) and yield of viable embryos (Greve
et al., 1995) still limit the success of MOET in cattle. Donor
factors leading to this variable response are not fully under-
stood in spite of extensive research. Superovulation is usually
initiated during mid-cycle, 8—12 days after estrus (Bo et al,,
1995) which was considered to coincide with the time of
emergence of the second follicular wave in cows (Ginther
et al., 1989). Hormonal control of the timing of follicular
wave emergence can target the superovulatory treatments to
be initiated at the beginning of a follicular wave in normally
cyclic cows (Bo et al., 2006) without the need to know the time
of the base heat which is a difficult task in large dairy herds.
Controlled internal drug release (CIDR) was the most
commonly used hormonal source to control follicular wave
emergence in combination with injections of estradiol -at
varying dosages- and progesterone with variable results (Bo
et al., 2002;Colazo et al., 2005 and Hasler, 2014). Moreover,
estrus detection during the superstimulatory protocol can be
eliminated by using protocols which synchronize ovulation
(Bo et al., 2006). However, estradiol treatment which is a
commonly used approach for synchronization of follicular
wave emergence for superstimulation cannot be used in many
countries because of side effects and public health signifi-
cance of estrogens. Recently, a protocol which allows removal
of the progesterone device in the PM of day 7 (day zero is the
day of device insertion), injection of GnRH in the PM of day 8
and AI 12 and 24 h later yielded more synchronous ovulations
and higher numbers of transferable embryos (Bo and
Mapletoft, 2014). In addition, an increase in nutrient intake
during superovulation and an acute change to a low nutri-
tional intake regime immediately after ovulation was esti-
mated to maximize ovulation rate and enhance embryo
quality in cows (Kakar et al., 2005).

Accordingly, the current study was conducted to evaluate
factors which affect donors' responses to a superovulatory
protocol initiated regardless of the stage of estrous cycle in
dairy cows of a large herd under Egyptian conditions as a first
attempt for commercial production of embryos using MOET
technique. Another aim was to study effects of PG on SR and
embryo quality in dairy cows.

2. Material and methods
2.1. Study design

This study was carried out during the period from December,
2011 to March, 2013. In experiment 1, we studied factors
affecting SR and embryo yields of 69 high producing dairy
cows superstimulated regardless of the stage of estrous cycle
and submitted to timed artificial insemination (TAI). In
experiment 2, we examined effects of PG on SR and embryo
yields of high producing dairy cows. Forty two treated cows of

experiment 2 were examined during December, 2012—March,
2013; while 27 cows superovulated during December,
2011-March, 2012 served as control. Table 1 provides data
about characters of superovulated cows during the two years.

2.2.  Animals, feeding and management

Sixty nine lactating high producing (average daily milk at flush
39.16 Kg) dairy cows (57 Holstein and 12 Brown Swiss)
belonging to a private dairy herd in North-western Egypt were
included in the study. Animals were housed in a free, partially
roofed head-lock yard system. They were fed according to the
National Research Council (2001) recommendations on eight
occasions to maximize their feed intake. Cows were milked
three times per day. The voluntary waiting period of the herd
was 45 days then cows were subjected to a pre-synch-ovsynch
TAI program which began on day 45 postpartum by injection
of 500 ug cloprostenol (2 ml Estrumate®, MSD, USA) and
another dose on day 59 postpartum. Twelve days later, ani-
mals were subjected to an ovsynch program including injec-
tion of 12 pg busrelin (3 ml Receptal®, MSD, USA) on day 70,
500 ng cloprostenol on day 77, 12 ug busrelin on day 79 and
timed insemination 16 h later (Pursley et al, 1995). The
resynchronization of ovulation began on day 41 post-
insemination by intramuscular injection of 12 pg busrelin.
On day 48 post-insemination, pregnancy diagnosis was car-
ried out via trans-rectal palpation and open cows were injec-
ted with 500 pg Cloprostenol. On day 50 post-insemination,
these open cows were injected with another dose, 12 pg bus-
relin and were timely inseminated 16 h later by experienced
farm veterinarians using frozen-thawed semen from bulls of
proven fertility (Galvao et al., 2007).

2.3. Superovulation, embryo recovery and evaluation

As shown in Table 2, a controlled internal drug releasing de-
vice (CIDR® insert, Pfizer, animal health care, USA) was asep-
tically inserted into the anterior vagina of cows at 6:00 AM on
day zero. At 6:00 AM on day 2, each cow received 9 ug Busrelin,
(Receptal®, MSD, USA) intramuscularly. The superovulatory
FSH treatment was initiated 4 days after insertion of CIDR
with a total dose of 400 mg pFSH (Folltropin-V®, Agtech inc,
USA)in twice daily decreasing doses over 4 days. On 18:00 PM
of the last day of FSH treatment, 500 pug cloprostenol (Estru-
mate®, MSD, USA) was given by intramuscular rout together
with removal of CIDR. 24 h later, cows received 9 ug busrelin

Table 1 — Characters (Mean + SE) of superovulated cows
during the two experimental periods.

Parameter Cows superovulated Cows superovulated
(December, 2012— (December, 2013—

March, 2013) March, 2014)

Age 66.62 + 2.43 71.63 + 2.86

Parity 3.30+0.16 3.76 £ 0.19

Body weight at 674.58 + 12.12 722.05 + 8.64

flushing

BCS at flushing 3.25 +0.10 3.02 +0.07

DIM at flushing 338.81 + 23.00 241.83 + 31.99

Daily milk at 4172 +2.13 38.26 + 1.79

flushing
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Table 2 — Superovulation protocol with timed artificial insemination in dairy cows.

Days of treatment 6:00 (AM)

18:00 (PM)

CIDR insertion
Busrelin (9 pg)
FSH (80 mg)
FSH (60 mg)
FSH (40 mg)
FSH (20 mg)

W N U~ N O

TAI
Uterine flush

=
()}

FSH (80 mg)

FSH (60 mg)

FSH (40 mg)

FSH (20 mg) + Cloprostenol sodium (500 ug) + CIDR removal
Cloprostenol sodium (500 pg) + Busrelin (9 ug)

TAI

and 500 pg cloprostenol I/M. Cows were expected to be due in
heat 12 h later, thus timed Al was applied 12 and 24 h after the
last injection (Bo and Mapletoft, 2014).

Embryos were collected by flushing the uteri of super-
ovulated cows on day 7 (6:00 AM) post-insemination. Each horn
was flushed separately using 500 ml of flushing medium
(VIGRO® complete flushing medium, Agtech inc, USA). After
flushing, each cow received 750 pg cloprostenol (3 ml Estru-
mate®, MSD, USA) to induce regression of corpora lutea and to
initiate a new cycle for normal breeding. Number of corpora
lutea on each ovary were recorded for each cow during the
flushing process by means of manual per rectal palpation.
Embryos were received in an embryo filter which was cleaned
into a squared embryo searching dish using 50 ml of the
flushing medium by a sterile 50 ml capacity plastic syringe.
Embryos were searched using a stereo microscope and were
classified for quality. The evaluation process was done by the
same experienced person along the course of the study.
Grading of embryos, concerning quality and developmental
stage, was done according to the International Embryo Trans-
fer Society (IETS, 1998). All stages and grades of embryos were
recorded for each cow individually. First grade embryos were
symmetrical and spherical with blastomeres uniform in size,
color and density with 85% of cellular material appearing as
intact, viable embryonic mass, second grade embryos showed
moderate irregularities in shape, color and density of embry-
onic mass with at least 50% of cellular material appearing as
intact, viable embryonic mass. Third grade embryos were poor
embryos with major irregularities in shape, size, color and
density of embryonic mass presentingatleast 25% intact viable
cellular material. However, degenerated embryos appeared as
a non-viable deformed shape arrested at various stages and
may be an oocyte. First and second grade embryos were clas-
sified as freezable embryos. While first, second and third grade
embryos were set as transferable embryos.

For each cow, at flushing, data concerning to breed, age,
Parity, body weight, DIM, BCS and daily milk yield were recorded.
BCS was estimated for each individual cow on a five point scale
system with quarter points according to Edmonson et al. (1989).
First grade embryos were transferred frozen, whereas second
and third grade embryos were transferred fresh to recipient
cows and heifers and achieved reasonable conception rates.

2.4. Drenching of propylene glycol (PG) prior to and
during superstimulation of dairy cows

This experiment was carried out to investigate the effect of
drenching PG (as a glucogenic agent) to dairy cows prior to and

during the superovulatory treatment on SR and embryo yields.
Dairy cows were divided into two groups. The control group
included 27 Cows (superstimulated during December,
2012—March, 2013) which did not receive any treatment. The
treated group included 42 cows (superstimulated during
December, 2013—March, 2014). Each cow in the treated group
was drenched 300 ml of monopropylene glycol (Propylene
Glycol, SKC Ltd, Korea), once daily for 20 days prior to the
beginning of -and during- the superovulation protocol.

2.5. Statistical analyses

Data were processed statistically using the software of SPSS
(2007) package. Student's T test was used to examine the sig-
nificance of different factors-nearly below or equal to average
and above average of the group- affecting superovulatory
response of dairy cows including failure of response (Experi-
ment 1). T test was used also to examine the statistical sig-
nificance between PG-treated cows and control cows
(Experiment 2). Statistical significance was declared at P < 0.05
and was interpreted as extreme at P < 0.01, while 0.05 < P
values <0.15 was considered a tendency.

3. Results
3.1. Experiment 1

3.1.1. Descriptive statistics

As shown in Table 3, Average numbers of right corpora lutea
and left corpora lutea at flushing were 4.75 + 0.44 and
3.91 + 0.40, respectively. The average number of total embryos
per flush was 7.48 + 0.78 representing a recovery rate of
81.16 + 3.93%. Average numbers of transferable embryos per
flush, first, second and third grade and degenerated embryos
were 4.86 + 0.57, 3.68 + 0.50, 0.90 + 0.30, 0.25 + 0.08 and
2.33 + 0.40, respectively. More embryos were recovered at the
Morula stage (2.26 + 0.30), compared to early blastocyst

(0.67 + 0.15), blastocyst (1.30 + 0.24) or expanded blastocyst
stages (012 + 0.07).

3.1.2.
SR

No significant differences were observed between cows with
SR and those without SR in the average values of age
(71.35 + 2.27 vs. 65.26 + 8.18 months, respectively, P = 0.32),
parity (3.67 + 0.14 vs. 3.21 + 0.32, respectively, P = 0.16), body

Differences between cows with SR and those without
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Table 3 — Descriptive statistics of embryo and ovarian characteristics in superovulated cows.

Minimum Maximum Mean Standard error
Right CL number 0 16 4.75 0.44
Left CL number 0 11 3.91 0.40
Total embryos per flush (n.) 0 22 7.48 0.78
Recovery rate (%)* 0 100 81.16 3.93
Transferable embryos per flush n. 0 20 4.86 0.57
% 0 100 68.46 4.10
Embryo grades
1st grade embryos n. 0 19 3.68 0.50
% of total 0 100 50.54 4.47
2nd grade embryos n. 0 17 0.9 0.30
% of total 0 100 14.31 2.84
3rd grade embryos 0 3 0.25 0.08
Degenerated embryos/unfertilized oocytes n. 0 12 2.36 0.40
% of total 0 100 31.36 4.03
Embryo stages (number/flush)
Morula 0 12 2.26 0.30
Early blastocyst 0 6 0.67 0.15
Blastocyst 0 8 1.30 0.24
Expanded blastocyst 0 4 0.12 0.07

# Recovery rate: number of collected embryos divided by number of CL before flushing multiplied by 100. n: number.

respectively, P = 0.52) and DIM at flushing (284.50 + 31.37 vs.
217.80 + 36.71 days, respectively, P = 0.31). However, the
average daily milk yield at flushing day was significantly
higher in cows without SR, compared to those with SR
(46.12 + 2.80 vs. 37.95 + 1.52 kg, respectively, P = 0.017) as
declared in Table 4.

weight at flushing (705.96 + 8.67 vs. 693.57 + 16.13 kg,

3.1.3.  Donor factors affecting embryo yield and quality

Table 5 represented animal factors responsible for the vari-
ability in response to superstimulation in examined cows.
Holstein cows produced significantly higher (P < 0.05) number
of degenerated embryos per flush, compared to Brown Swiss
cows (2.71 + 0.47 vs. 0.58 + 0.26 embryos, respectively). More-
over, the response to superovulation was higher in cows hav-
ing more than three parities, compared to those in the first
three parities. Cows having greater than 3 parities had signifi-
cantly higher (P < 0.05) number of total and degenerated em-
bryos per flush (9.42 + 1.12 and 3.33 + 0.66 embryos,
respectively), compared to cows in the first three parities
(5.69 + 0.99 and 1.42 + 0.43 embryos, respectively). Total

Table 4 — Differences in donor factors between cows with

SR (CL number greater than or equal to 3) and those
without SR (CL numbers less than 3).

Factors Cows with SR Cows without SR P value
Mean S.E. Mean S.E.

Age (month) 71.35 2.27 65.26 8.18 0.32

Parity 3.67 0.14 3.21 0.32 0.16

Body weight at  705.96 8.67 693.57 16.13 0.52
flushing (Kg)

BCS at flushing 3.09 0.08 2.89 0.08 0.23

DIM at flushing 284.50 31.37 217.80 36.71 0.31
(day)

Daily milk at 37.95 1.52 46.12 2.80 0.017
flushing (Kg)

Bold significance indicates significantly different means at P < 0.05.

embryos per flush (P < 0.01), transferable and first grade em-
bryos per flush (P < 0.05) were significantly higher in low pro-
ducing donors (<40 Kg milk at flushing day), compared to high
producing donors (>40 Kg milk at flushing day). In addition,
cows producing >40 kg of milk at flushing yielded lower
(P<0.01) numbers of degenerated embryos per flush (1.19 + 0.37
vs. 3.58 + 0.68) as compared to cows producing <40 kg.

3.2 Experiment 2

3.2.1. Effect of drenching PG to donor cows prior to- and
during — superovulation on SR and embryo yields

As shown in Table 6, both SR and embryo yields were
improved in PG-treated cows, compared to control cows.
Average numbers of right and left corpora lutea were signifi-
cantly (P < 0.05) higher in the PG-treated group (5.50 + 0.55 and
4.68 + 0.69, respectively), in comparison with 3.59 + 0.69 and
2.74 + 0.61, respectively, in the control group. Similarly, total
embryos per flush were significantly (P < 0.05) increased in the
PG-treated group (8.88 + 0.98), compared to the control group
(5.30 + 1.16). Moreover, transferable embryos per flush tended
(P = 0.13)to be higher in the PG-treated cows, compared to the
control cows (5.55 + 0.72 vs. 3.78 + 0.93, respectively). Also,
first grade embryos per flush were significantly (P < 0.01)
increased in the PG-treated group (4.73 + 0.70), compared to
2.08 + 0.52 in the control group. In spite of that, second grade
embryos per flush tended (P = 0.11) to be higher in the control
group, compared to the PG-treated group (1.44 + 0.67 vs.
0.54 + 0.13, respectively). In addition, degenerated embryos
per flush tended (P = 0.06) to be higher in the PG-treated group
(2.95 + 0.59), compared to the control group (1.37 + 0.43).

4, Discussion

The present study was conducted as a trial for commercial
production of embryos for the first time using MOET in Egypt.
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Table 5 — Donor factors affecting embryo yield and quality following superovulation (Mean + S.E.) in dairy cows.

Factors Response
Total Transferable First grade Degenerated
embryos/flush embryos/flush embryos/flush embryos/flush

Breed Holstein 7.36 + 0.82 4.65 + 0.57 3.65 +0.49 271 +0.47
Brown Swiss 8.00 +2.23 5.83 +£1.91 3.92 + 1.62 0.58 + 0.26
P value 0.76 0.44 0.84 0.04

Parity <3 5.69 + 0.99 4.08 +0.73 3.28 + 0.64 142 +0.43
>3 9.42 +1.12 5.70 + 0.89 4.15+0.75 3.33 +£ 0.66
P value 0.02 0.16 0.38 0.02

Body weight at flushing (Kg) <700 7.15 + 1.09 442 +0.78 3.36 + 0.60 2.24 + 0.54
>700 7.78 + 1.11 5.25 + 0.84 4.00 + 0.76 2.42 + 0.60
P value 0.69 0.47 0.52 0.83

BCS? at flushing <3 8.57 + 1.37 5.79 £ 0.99 4.18 + 0.86 2.32 + 0.65
>3 6.77 + 1.49 446 +1.22 3.85+1.18 2.00 + 0.w88
P value 0.43 0.43 0.83 0.78

DIM" at flushing (Day) <272 7.94 + 1.25 5.16 + 30.92 0.71 + 0.79 2.36 + 0.62
>272 8.10 + 1.32 4.71 + 0.89 3.86 + 0.75 3.00 + 0.87
P value 0.93 0.74 0.90 0.54

Daily milk at flushing (Kg) <40 9.91 + 1.07 6.09 + 0.88 4.91+0.79 3.58 + 0.68
>40 5.25 + 0.99 3.72 £0.71 2.58 +0.54 1.19 + 0.37
P value <0.01 0.04 0.02 <0.01

Bold significance indicates significantly different means at P < 0.05.
@ BCS. Body condition score.
> DIM. Days in milk.

In this work, superovulation was carried on high producing
dairy cows having unknown stages of estrous cycles using
TAIL

The average number of total embryos recovered per flush
in the present study came in accordance with that reported by
Chebel et al. (2008). However, mean number of right and left
CL was lower and recovery rate was higher than those previ-
ously reported by Garcia Guerra et al. (2012) who used trans-
rectal ultrasonography in the counting process. Also,
Carvalho et al. (2013) recovered less than 50% of embryos. It
may be possible that the numbers of corpora lutea were
underestimated in the present study as they were counted by
transrectal palpation of the ovaries without using ultraso-
nography or hormonal assays (Drillich et al., 2012).

Table 6 — Effect of drenching of PG to donor cows prior to

superovulation on CL numbers, embryo yields and
quality (Mean + S.E.).

Control PG-treated P
group group value
Right CL number 3.59 + 0.69 5.50 + 0.55 0.03
Left CL number 2.74 + 0.61 4.68 + 0.49 0.02
Total embryos 5.30 + 1.16 8.88 +0.98 0.02
per flush
Transferable 3.78 + 0.93 5.55 + 0.72 0.13
embryos per flush
1st grade embryos 2.08 +0.52 4.73 £0.70 <0.01
per flush
Second grade 1.44 + 0.67 0.54 +0.13 0.11
embryos per flush
Degenerated embryos 1.37 £ 043 2.95 + 0.59 0.06

per flush

Bold significance indicates significantly different means at P < 0.05.

The mean number and percentage of transferable embryos
were similar to those reported by Drillich et al. (2012) but were
higher than those obtained by Garcia Guerra et al. (2012) and
Viera et al. (2014). Differences in the study design, and regime
of superovulation may account for these results. In addition,
number of transferable embryos obtained per flush may be
affected by several factors such as gonadotrophic hormone,
donor, nutrition and/or dominant follicle in the donor's ovary
(Betteridge, 2006). Results concerning first grade embryos
indicated a good superovulatory response according to
Kohram and Poorhamdollah (2012) who stated that objective
criteria of embryo production used in the embryo transfer
industry indicated that on average, 3 to 4. First-grade embryos
are collected following superovulation in dairy cows. The
mean number of degenerated embryos per flush in the pre-
sent study was higher than that observed by Peippo et al.
(2009) and Viera et al. (2014). The average daily milk of
superovulated cows at flushing was 39.61 kg. The higher
number and percentage of degenerated embryos may be due
to higher incidence of poor fertilization results (Viera et al.,
2014), rather than poor embryo quality, which accompany
high levels of milk production in lactating dairy cows (Leroy
et al., 2005; Peippo et al., 2009) and this is supported by re-
sults of transferable embryos per flush since we observed high
number of them.

None of the investigated animal factors had a significant ef-
fect on SR but for the average daily milk yield at flushing, where
cows without SR produced significantly (P < 0.05) higher daily
milk atflushing, compared to those with SR. Although hormonal
analyses were not carried out, it is possible that low progester-
one levels in cows without SR might have been the cause of
failure of response in these cows (Chagas e Silva et al., 2002).
Moreover, the greater dry matter intake of lactating dairy cows
increases the metabolism of estradiol leading to follicular
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persistence and reduced quality of oocytes (Mann and Lamming,
2000; Sangsritavong et al., 2002 and Wiltbank et al., 2006).

In the present study, Brown Swiss cows yielded 5.83
transferable embryos per flush. This result is greater than
previously reported by Bulbul et al. (2010) who used proges-
terone and estradiol pretreatment to synchronize the estrous
cycle before superstimulation. Additionally, Holstein cows
produced significantly (P < 0.05) higher number of degen-
erated embryos than Brown Swiss cows. Leroy et al. (2005)
reported that lactating Holstein Friesian cows produced
significantly more embryos of darker color and inferior qual-
ity, compared to embryos from Belgian blue beef cows.
Moreover, Correa-Calderon et al. (2005) reported that Brown
Swiss cows were better adapted to adverse environmental
conditions, compared to Holstein cows. Breed differences in
timing of ovulation, fertilization or events leading to cleavage
were reported by Krininger III et al. (2003).

Cows of more than three parities produced significantly
(P < 0.05) higher total embryos per flush and significantly
(P <0.05) lower degenerated embryos per flush as compared to
those in the first three parities, in the present study. Similarly,
Prdhan et al. (2008)reported that >3 parity cows produced
higher number of ova/embryos and significantly (P < 0.05)
higher number of transferable embryos, compared to 2—3
parity cows. It is clear that cows in the first three parities
included primiparous and biparous cows which were still
growing while producing high amounts of milk. Such
stressors are believed to depress early embryonic develop-
ment and overall fertility of these cows (Walters et al., 2002).

There were no significant effects of body weight at flushing
and BCS at flushing on SR and embryo yields in the present
study. This is not surprising because the minimal value of BCS
recorded for cows in this study was 2.75.

Milk production had significant negative effects on embryo
yields in the present study which came in agreement with
Chebel et al. (2008). It was reported that high feed intake and
increased steroid metabolism were reported to lower proges-
terone concentrations in blood of high producing dairy cows
(Sangsritavong et al., 2002). Rivera et al. (2011) reported that
superstimulation of dairy cows in an environment of low
progesterone concentration results in reduced ova/embryo
quality.

In the present study, drenching PG to lactating donors prior
to — and during- superovulation had positive effects on
average numbers of right and left corpora lutea, total embryos,
transferable embryos and first grade embryos per flush.
Gamarra et al. (2014) mentioned that PG supplementation to
dairy cows may be effective in improving oocyte production
when combined with hormonal treatments to stimulate
follicular growth for superovulation or ovum pick up. Plasma
concentrations of glucose and insulin are known to increase
in response to dietary PG (Miyoshi et al., 2001). An increase in
insulin concentrations over a short period of time has been
shown to improve the growth of small ovarian follicles prior to
superovulatory treatment and exert a beneficial effect on
subsequent embryonic development (Freret et al., 2006). An
unexpected increase in the average number of degenerated
embryos per flush was observed in treated cows. This resultin
unexplainable and deserves further investigation. One criti-
cism of this experiment may be that treated cows were not in

the same year of control cows. We can explain that although
treated and control cows were in different years (2014 vs.
2013), both were managed strictly under the same managerial
procedures and superovulatory treatments were scheduled to
begin on same days of experimental periods (December to
March).

5. Conclusion

First time commercial production of embryos from high pro-
ducing lactating dairy cows using MOET technique regardless
of stage of estrous cycle proved successful under Egyptian
conditions. Factors other than milk yield and parity did not
have significant effects on results of the superovulatory
treatment. In addition, drenching of PG to lactating dairy cows
prior to and during the superovulatory treatment improved SR
and embryo yields. Future research is warranted to explain
the beneficial effects of PG on superovulatory responses of
lactating donors.
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