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Abstract: The aims of the study were to compare super ovulatory response,
fertilization rate and evaluate embryo quality recovered from super
ovulated Nguni stud cows and heifers. Nguni cows (n = 15) and heifers
(n = 10) aged 4-6 and 2 years, respectively, were used as embryo donors.
Embryo donors were synchronized for estrus before superovulation. For
superovulation donors were administered with 350 mg of FSH
(Folltropin®-V) divided into 2 injections daily 12 h apart for 4.5 days on
a decreasing dosage. Semen was collected from two Nguni bulls (bull 1 and 2)
using an Electro Ejaculator (EE) and semen characteristics (volume,
motility, viability, concentration and morphology) were recorded and
motility parameters were assessed by computer aided sperm analysis
before Artificial Insemination (AI). Donor cows and heifers were
inseminated randomly with semen straws from either bull 1 or bull 2.
Embryos were flushed 7 days after AI using a nonsurgical technique and
were evaluated under microscope for quality. Data were analyzed using
one-way ANOVA and linear or quadratic relationships were used to determine
effects of semen traits on fertilization rate and embryo quality. No significant
differences were observed on the super ovulatory response rate of Nguni cows
and heifers (P>0.05). Furthermore, no significant differences were recorded on
fertilization rate between cows (67.5%) and heifers (63.5%) (P>0.05). Embryo
quality between Nguni cows (code 1, 2.5±1.00; code 2, 1.3±0.59) and heifers
(code 1, 0.8±0.41; code 2, 1.0±0.36) was similar. There was no significant
difference between bull 1 (93.7%) and bull 2 (90.5%) on total sperm motility rate
(P>0.05). The Super ovulatory response, fertilization rate and embryo quality
between Nguni cows and heifers was similar.
Keywords: Corpus Luteum, Embryo Quality, Sperm Motility

Introduction
The Nguni cattle breed is an indigenous breed of South
Africa known for its excellent mothering ability, high
fertility with a long productive life under harsh
environmental conditions and has very low mortality rates
from birth to weaning (Nqeno et al., 2010; Nedambale,
2012). It is a low input and maintenance breed, tolerant to
most tick-borne diseases, parasites and reaches sexual
maturity early, particularly in heifers (Tada et al., 2013).
However, Nguni cattle breed genetic material has been
degraded over the years due to perceptions that it is

inferior to exotic breeds due to its smaller body size and
varied color patterns. Given the global challenges of
climate change and drought it is an ideal breed for
sustainable agriculture in Southern Africa and loss of this
breed would not only reduce options for dealing with
climate change and increasing food demands but also
negative social and cultural impacts.
Multiple ovulation and embryo transfer is a crucial
tool for the implementation of genetic improvements
and conservation programs of endangered animals. It is
the method of choice for germplasm control. However,
its utilization is limited due to it being expensive and
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variability that exists in predicting the quality and
quantity of transferable embryos that will be recovered.
The inconsistency in ovarian response has been
attributed to many other factors such as genetic factors,
nutrition, age, season, dynamics in follicular growth
and gonadotrophin preparations (Bertens, 2010;
Hasler, 2010). Furthermore, Baruselli et al. (2006)
reported that successful embryo production is also
affected by poor conception rates caused not only by
female factors but also reduced fertilizing capacity of
the spermatozoa due to preservation procedure or poor
quality bulls. A bull with poor sperm motility rate
generally indicates a limitation to accomplish
fertilization. The spermatozoa can be analyzed for
motility and viability using Computer Aided Sperm
Analysis
(CASA®)
system before
Artificial
Insemination (AI). Sperm motility has been reported to be
a good predictor of conception rates (Seshoka et al.,
2016). Most of available information on superovulatory
response in beef cattle has been obtained from mostly
the Bos Taurus breeds with very limited information on
Bos indicus breeds. Degefa et al., (2016) reported that
biological differences exist in reproductive function
between Bos taurus and Bos indicus cattle with respect
to age at puberty, oestrous cycle patterns, oestrous
behavior, acquisition of ovulatory capacity, ovarian
structures and reproductive hormone production.
Hence, the objectives of the study were to compare
superovulatory response, fertilization rate and to
evaluate embryo quality recovered from super ovulated
Nguni cows and heifers.

cows and heifers had an average body weight of 350 kg
and 210 kg, respectively.

Materials and Methods

Semen evaluation and Artificial Insemination

Experimental Site

Semen was collected from two Nguni bulls (bull 1
and 2). The sperm motility rate (non-progressive,
progressive, slow, medium and rapid) and the velocity on
the curve line were evaluated and recorded using a Sperm
Class Analyzer® (SCA-Microptic®, Spain) system before
AI. Semen from bull 1 and 2 was used to randomly
inseminate the cows and heifers. Cows and heifers were
artificially inseminated three times (at 12, 24 and 36 h)
after detection of standing heat with diluted raw semen
from stud Nguni bulls of proven fertility.

Oestrous Synchronization and Superovulation of
Nguni Cows and Heifers
Nguni donor cows and heifers followed the same
oestrous synchronization and superovulation protocol
whereby a controlled internal drug releases device
(CIDR®) (1.9g, Pfizer (Pty) ltd, Sandton, Republic of
South Africa) was placed into the vagina of each cow and/
heifer on Day 0. An intramuscular injection (i.m) of
Cloprostenol Sodium (263µg, Estrumate ®, Isando,
RSA) was administered (i.m) to the cows and heifers
after CIDR ® removal on Day 8. An intramuscular
injection of estradiol benzoate (1g Pfizer (Pty) ltd,
Republic of South Africa) was administered on Day 9.
Heat was observed with the aid of heat mount detectors
(Kamar ®, RSA) which were glued on the tail head of
each donor cow and heifer. Day 0 was repeated and a
new CIDR was inserted three days after heat
observation. On Day 4, two injections of FSH,
Folltropin®-V (20 mg/mL, Armidale, Australia) were
administered at 12 h intervals every day for 4 days on
a decreasing dosage, two injections of prostaglandin
were administered 12 h apart on the last two days of
Folltropin®-V. Estrus detection was performed every 8 h
for 3 days starting 24 h after the second prostaglandin
injection. Estrus detection was done with the aid of heat
mount detectors.

The study was conducted at the Agricultural Research
Council’s (ARC) Animal Production (AP), Irene,
Republic of South Africa. The location of the campus is
25° 53’ 58’’ South; 28° 11’ 52’’ East and is in the
Highveld region of South Africa at an altitude of 1524 m
above sea level. The climatic conditions in this
environment range from hot days to cool nights in summer
to a moderate temperature on winter days with cooler
nights. The average temperatures at Irene range from 4.6
to 28.0°C. The region is coldest during July when the
temperature drops to an average temperature of 1.7°C.

Embryo Flushing/Grading and Verification
Rectal palpation was done on both ovaries on day 7
after AI to determine the number of Corpora Lutea (CL)
present this was an indicator of whether cows/heifers
responded to superovulation. Embryo recovery was
immediately performed with a standard non-surgical
technique to flush the uterine horns for donors that
responded. An epidural anesthesia (Lidocaine, Beyer
(Pty) Ltd, Isando and RSA) was injected in the

Embryo Donors
Experimental animals were cared for according to
the guidelines of the ARC-AP ethics committee
(APIEC13/007). Nguni stud cows (n = 15) and heifers
(n = 10) aged 4-6 and 2 years respectively were selected
following pregnancy diagnosis and examination of the
reproductive tract for abnormalities and diseases. The
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differences between the treatments (P<0.05). Results
are expressed as means, standard errors of the means
and percentages. Pearson correlations were used for
sperm motility and fertilization rate.

intervertebral space between the vertebrae of the tail-head
region. The vulva and rectum were thoroughly cleaned
before flushing. Flushing of each uterine horn was
conducted with a Complete Flush medium, a silicone twoway Foley catheter and a long flushing tube. Retrieved
embryos were transferred into an embryo filter containing
holding medium and were further evaluated for quality
using a stereo-microscope (Olympus SZ40, Olympus,
Japan). Embryos were evaluated for the viability and
graded excellent, good and fair C1, C2, C1-) according to
the International Embryo Technology Society standards
their stage of development (i.e., ova, 2-16 cells, early
morula, compacted morula, early blastocyst, blastocyst
and expanded blastocyst). Excellent and good quality
embryos were considered as transferable and others were
classified as non-transferable embryos. All transferrable
embryos were then vitrified and stored into liquid nitrogen
tank (-196°C) for conservation.

Results
Superovulation response of 40% was obtained from
both cows and heifers and Embryos were classed
according to their quality as shown in Table 1. There was
a significant difference on the ovary reaction (number of
corpora lutea) of cows (11.3±1.41) and heifers (4.0±0.57)
(P<0.05). There were no significant differences recorded
on the embryo quality recovered between Nguni cows
(code 1, 2.5±1.00; code 2, 1.3±0.59) and heifers (code 1,
0.8±0.41; code 2, 1.0±0.36) (P>0.05). However, cows had
higher numbers of unfertilized ova than heifers (5.5±1.05
and 1.8±0.47, respectively) and degenerate embryos
(3.7±1.00 and 1.3±0.39, respectively.
The motility characteristics of the spermatozoa from
each bull were analyzed for progression and velocity as
shown in Table 2. Total sperm motility of 93.7 and 83.5,
were observed for bull 1 and 2 respectively. Bull 1 had the
highest number of rapidly moving sperm (47.9%) than
bull 2 (30%) however progression was higher in bull 2
(67%) than bull 1(62.8%). Fertilization rates of 67.6% and
63.5% were observed following AI with bull 1 and 2 semen
respectively. There was a significant positive correlation
between TM and fertilization rate as shown in Table 3.

Data Analysis
The data was analyzed using the Proc (GLM)
implemented in the SAS software 2009. The means were
compared using one-way Analysis of Variance
(ANOVA). The difference between the treatments means
were evaluated using the student t- test. The total
ova/embryos, transferable embryos and stages of embryo
development were tested by ANOVA for the significant

Table 1: Superovulation response and embryo quality between Nguni cows and heifers (Means ± SE)
Blastocyst (n)
-------------------------------------------Treatments Animals (n)
SO response (%) Ovary reaction (# CL) # Ova
# Deg embryos # C1
# C2
# C1Cows
15
(6/15) 40
11.33±1.41a
5.50±1.05a
3.66±1.00a
2.5±1.00
0.83±0.41
0.16±0.04
Heifers
10
(4/10) 40
4.00±0.57b
1.75±0.47b
1.25±0.39b
1.25±0.59
1.00±0.36
00±00
a,b
Means within the same column with different superscript (a and b) are statistically different at (P<0.05). CL = Corpus luteum, Deg = Degenerating
embryos, C1 = Excellent embryos, C2 = Good embryos, C1- = Fair embryos

Table 2: Sperm motility characteristics with fertilization rate on super ovulated Nguni cows and heifers (%)
Total
Bulls
motility
Progressive
Non-progressive
Rapid
Medium
Slow
Static
Bull 1
93.7
62.8
30.9
47.9
36.8
9.0
6.3
Bull 2
83.5
67.6
15.9
30.0
46.2
11.0
16.6

Fertilization rate
67.6
53.5

Table 3: Correlation of sperm motility characteristic with fertilization rate in Nguni cows and heifers
Parameters
TM
PM
NP
RAPID
MD
STATIC
FR
TM
1;00
PM
0.378ns
1:00
NP
0.751*
-0.319*
1:00
RAPID
0.460ns
0.973***
-0.235ns
1:00
MD
-0.556ns
-0.953**
0.120ns
-0.960**
1:00
***
*
ns
STATIC
-0.990
-0.283
-0.367
-0.806*
0.488*
1:00
FR
0.874***
0.763**
0.340ns
0.830*
-0.873*
-0.823*
1:00
***correlation is significant at 0.001, **correlation is significant at 0.01, *correlation is significant at 0.05, nscorrelations are
not significant.TM = total motility, PM = progressive motility, NP = Non -progressive motility, MED = medium and FR =
Fertilization rate
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is a lesser dose than the recommended 400 mg for Bos
taurus breeds. Heifers require less dosage of FSH than
cows because of the body weight and size. The Sanga
breeds are reported to have delayed puberty than the
exotic breeds and Sanga heifers are not mated until three
to four years and heifers used in this study were 2 years
and this might have affected and reduced the ovary
reaction (Krininger et al., 2003; Schoeman, 1989). The
Bos indicus breeds are generally small framed with also very
small body organs with heifers the ovaries are very small
even after superovulation the chances of miscounting the CL
during rectal palpation were maximized, similarly, in
Nelore cows and heifers the CL was reported to be
small (Gonzalez et al., 1994). Super stimulation using
FSH requires a lot of attention because two injections
are given to the donors in one day this may results in
undue stress to the cows and stress might result in lower
responses in donors that are not used to being handled
daily such as Nguni cattle breed (Bo et al., 2009).
The eCG is a complex glycoprotein that is used as a
traditional way of super ovulating the donors. The use of
eCG has been reported to be very quick and effective
(Lane et al., 2008; Bo et al., 1996). A single
administration of eCG was reported to induce ovarian
superovulation and thus minimize stress. In the present
study, FSH protocol was used because of improvement in
the protocol that ensures that the emergence of the
follicular wave and timing of ovulation occur at the same
time in the donors and a fixed AI is guaranteed
(Marquezini et al., 2013; Lopes da Costa et al., 2001;
Lane et al., 2008). The uniformity that the protocol
improvement has brought has been reported to have
positive effects on commercial embryo transfer and
breeding programmes (Hasler, 2010). The complexity that
is sometimes found on the superovulation protocols
brings about variability in the superovulatory response
(Figueiredo et al., 1997). The poor quality of the CL at the
time of embryo transfer, as determined by palpation is
reported to affect pregnancy (Chang et al., 2006). Lower
progesterone levels on the recipient cows on the time of
ET results in lower pregnancy rates. The quality of
embryos is reported to be the major factor reducing
pregnancies however variables from females can also be
observed (Silva et al., 2002). Krininger et al. (2003)
reported that conception rates of more desirable quality
embryos (excellent or good) are greater than embryos
qualified as fair or poor quality; therefore, conception rates
would increase if a greater percentage of grade 1 (excellent)
embryos are harvested and transferred after collection.
In current AI practices, an important element is
accurate and precise quality assessment of the motility
characteristics of spermatozoa (Broekhuijse et al., 2015).
This study demonstrated that there was a positive
correlation between total sperm motility, rapid,
progressive and non-progressive with fertilization rate.

Discussion
The results on the response of Nguni cows and heifers
to superovulation showed no significant difference as it
was (40%) on both. Similar results were reported for dairy
cows and heifers where there were no differences on the
superovulatory response of cows and heifers (Bo et al,
2009). No significant differences were observed amongst
the Nguni cows and heifers when the numbers of transferable
embryos were compared. Similarly, Nilchuen et al. (2011)
reported that there were no significant differences in the
quality of embryos flushed from Kamphaeng Sean cows
and heifers after receiving FSH treatment. The large
difference on the number of embryos flushed was
speculated to be due to individual animal variations.
The ovary reaction (number of CL), total number of
unfertilized ova and degenerate embryos were greater on
the Nguni cows than heifers even though overall
superovulation response was similar among these two
groups. The greater number of CL were reported to be
mostly in heifers than dairy cattle since their progesterone
levels are higher as lactating cows have distress from
negative energy balance. Interestingly, Degefa et al.
(2016) reported that Bosindicus compared with Bostaurus
cattle have higher circulating concentrations of ovarian
steroid hormones (e.g., estradiol and progesterone), larger
population of small diameter ovarian follicles and smaller
size of the dominant follicle. Cows used in this study were
not lactating and in an acceptable body condition ranging
between (BCS;3-4) on a scale of 1-5. Individual animal
variations and the unnatural process of superovulation
might have an effect on the different superovulation
response because under normal breeding programs the
physiology of a cow allows one egg to be released per
cycle (Mapletoft et al., 2002). In superovulation females
are provided with FSH in order to recruit high numbers of
follicles that will be selected at ovulation, this happens
when FSH is bound on the receptors in the ovary.
According to Nilchuen et al. (2011) when the dosage is
higher, less ovarian reaction can be observed due to fewer
receptors to withstand the reaction. The heifers used in the
present study weighed less than the cows and yet received
similar amount of FSH, chances of the dose being
unsupported by the ovary were high. Overstimulation has
been reported to result in Ana ovulatory follicles and
hence reduced ovary reaction and fertilization rate since
the Bos indicus breeds require less dosages of
superovulation treatments than Bos taurus (Sartori et al.,
2009; Kafi and McGowan, 1997). Furthermore, a lesser
dose 200 and 240 mg were used for heifers and cows
respectively in a study on Brahman cattle and 200 mg was
reported to be the appropriate dose as better results were
obtained (Bertens, 2010). According to Barati et al.
(2006), a greater number of CL was expressed by the
heifers that received 200 mg of Follotropin. However, this
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Results found in this study are comparable with
findings by Seshoka et al. (2016) where positive
correlation between total sperm motility and pregnancy
rate (0.42) was recorded. It was not surprising to
observe a negative correlation of non-progressive
(static) and Medium (MED) movement sperm with
fertilization rate.
The results for fresh semen are usually higher depending
on the fertility of the bulls used. Poor motility is
reported as a good predictor of failure in fertilization
(Pursley et al., 1995). This study reported a significant
positive correlation coefficient between rapid moving
spermatozoa and fertilization rate this finding is similar
to results by Vasan (2011). Dalton et al. (2000)
reported higher fertilization rate when donors were
inseminated 24 h after the onset of oestrous compared
to inseminations at 0 or 12 h, in this study cows and
heifers received three doses of semen at 12, 24 and 36 h.
It was speculated that these differences might have
occurred due to decreasing fertilization potential of sperm
before ovulation occurred.
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