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Many countries in the world consider the buffalo as a priority animal for the future, since
it plays a pivotal role in human food sustainability. Even though Food and Agriculture
Organization has termed the buffalo as an important undervalued asset, this species has yet
to drive the same attention as cattle. Egypt has a wealth of buffaloes dispersed in small herds
all over the country, so the efforts that have been made to improve their genetic background
show little return. Contrarily, other countries concerned with buffalo improvement have
already used a data recording system in buffalo herds, allowing to achieve a much faster
improvement progress. This review intends to survey the existing information on the
application of assisted reproduction techniques to improve buffalo productivity. The
strength points that may help to improve buffalo production are identified, and the obstacles
hindering the genetic improvement of Egyptian buffalo are characterized. Therefore, this
work will gather information related to buffalo and compile it for an audience of researchers
and specialists to enforce international collaboration for the development of buffalo
production. Also, it will open the way for people interested in developing a future vision for
buffalo potential, which will be helpful to close or minimize the biological gaps of buffaloes’
researches.

Keywords:

Buffaloes
Egypt
Artificial insemination
Embryo transfer
Estrus synchronization
Frozen semen
Embryo freezing

1. Introduction
In recent years, the importance of buffalo species (Bubalus bubalis)
has increased in tropical and subtropical countries because of
its ecological and economic benefits, namely for its adaptability
to thrive in the stressful harsh environments, converting poorquality roughage into meat and milk, and also due to its working
capacity[1]. As compared with the cattle, the metabolic energy used
for milk production is presented with higher efficiency in buffalo
than in cattle[2]. In addition, buffalo milk contains higher total
solids (protein, fat and minerals) compared to cow milk (18%-23%
vs.13%-16%, respectively). Thus, the buffalo is now foreseen as
priority animal regarding the world’s potential food supply, where
it plays an axial role in human food sustainability, though buffalo
importance has yet to receive the same attention and care as earned
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by cattle[3]. Hence, Food and Agriculture Organization has pointed
the buffalo as an important yet undervalued asset[4]. Some Asian
countries, such as India and Pakistan, are interested in improving
the buffalo genetic potentiality, increasing its productivity, and
reflecting the transformation of buffaloes into a dairy purpose
animal; consequently, these countries fostered milk recording and
a careful animal selection that contributed to setting up a core of
animals with superior genetics. Therefore, in those countries, the
dairy purpose buffalo become a pillar of economic development,
while buffalo numbers keep increasing to link with the market
economy. Even though Egypt is the only African country possessing
a tremendous wealth of buffaloes, and the most important in the
Middle East, the progress in the improvement of the species system
is far from desirable. In spite that the buffalo represents 44.5% of
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the total population of large ruminants (8 870 022 heads) in Egypt;
few measures were introduced to improve the production system
and little efforts were made to improve their genetic potential. So,
there is a large heterogeneity within buffalo populations in regard
to milk and meat production even whether within the herd or under
the same environmental conditions and management. In Italy, to the
fulfillment of buffalo and its milk, recording systems were applied
for the selection of dairy buffalo purpose, which can produce around
5 000 kg milk/270 days of lactation[5], namely the use of artificial
insemination (AI), the high reproductive biotechnologyies used by
farmers, high level of management, high genetic value of the herd
and the progeny testing. Fortunately, buffaloes, unlike cattle, have
not undergone massive selection and crossbreeding until only very
recently. Therefore, adoption of genetic improvement programs
should be of interest to increase the management of buffalo genetic
resources.

2. Application of reproductive biotechnologies in
buffaloes
There are many factors negatively affecting the reproductive
efficiency of buffalo species and causing heavy economic losses
to farmers. Major factors include delayed puberty/maturity, and
consequently higher age at the first calving, long postpartum
anestrus that elongates the calving interval, the lack of overt sign
of heat (silent heat/sub-estrus), variable time of ovulation, breeding
seasonality and low conception rate[6,7]. These factors received
different prioritization of attention in different countries, or even
between farms in the same country, and thereby it depends on the
geographical location. Nevertheless, the reproductive efficiency
of buffalo can be improved directly by implementing efficient
management systems that may include various reproductive
biotechnologies, which are a combination of assisted reproduction
and other techniques. The fast pace of development in emerging
reproductive biotechnologies has been used to improve the number
of superior genotypes. AI and multiple ovulation and embryo
transfer (MOET) can also be effectively applied to improve
reproduction efficiency and enhance the production of genetically
superior animals. These can help to reduce the generation interval
and thereby accelerate the desired genetic improvement in buffaloes.

2.1. Buffalo semen cryopreservation
Cryopreservation of buffalo semen has gained its prominence
as looking forward to upgrading production and reproductive
efficiency, and allowing the widespread dissemination of valuable
genetic material of superior sires by means of AI. The fertility rates
following AI with cryopreserved buffalo semen are lower than
in cattle, which is attributed to the low quality of cryopreserved
buffalo semen [8]. Moreover, proposed protocols for improving
semen production are different and not unified. Improvement
of the technique for buffalo semen cryopreservation is therefore
foreseen as a tool to enhance the breeding programs in this species,

supporting the development of many studies on the major conditions
affecting the semen freezability in buffalo. Different extending
media have been tested for deep freezing of buffalo semen. Ziada et
al[9] compared different extenders for frozen buffalo semen [Triscitric acid fructose, laiciphoy (Lactose-citrate-phosphate), Triladyl
(German commercial Tris-based extender), reconstituted skim
milk powder and Laiciphos-478 (commercially produced by IMV,
France)] and found that the reduction in motility due to the fact
that freezing and thawing was lower in Tris (23.4%) and skim milk
(36.4%) than in other extenders, and concluded that those diluents
appeared to afford better protection against freezing hazards than all
others. Another study reported that the whole buffalo milk achieved
the highest post-thawing motility (53.65%) and viability (101.30)
compared with Tris (46.94% and 78.65, respectively), egg yolk
sodium citrate (46.84% and 83.13, respectively) and Begly diluents
(45.90% and 100.60, respectively)[9,10]. Similarly, the whole buffalo
milk-based diluent achieved higher post-thawing motility and
viability index than sheep or goat milk[10].
Semen of buffalo bulls is usually collected in open places. So, to
minimize bacterial contamination that might have detrimental effects
on semen quality, lower the conception rate of AI and disseminate
diseases among the healthy population, different antimicrobial
agents have been tested in extended buffalo semen. Antibiotics
combinations are more efficient for cryopreservation of cattle and
buffalo bull semen. Traditionally, streptomycin and penicillin is
the antibiotic combination that has been added to the diluents for
buffalo bull semen[11]. Andrabi et al[12] referred to a combination
of gentamycin, tylosin and linco-spectin (GTLS) which may be
incorporated into a freezing extender of buffalo semen without
compromising the post-thaw semen quality and in vivo fertility
and that obtain a total aerobic bacterial count considerably lower
in semen samples treated with GTLS compared with those treated
with streptomycin and penicillin. This contrasts with the observed in
cattle, where Gloria et al[13] concluded that GTLS failed to control
bacterial growth in cryopreserved bull semen. Furthermore, GTLS
in skimmed milk extender, compared to streptomycin/penicillin, did
not improve the fertility of chilled buffalo bull semen[14]. However,
the Certified Semen Services, considering the antibiotic components
of semen extenders, have made it necessary to look for acceptable
alternatives that must provide effective microbiological control.
Ciprofloxacin has been found to be efficient for controlling bacteria
contamination in buffalo semen extender without compromising the
post-thaw semen quality and fertility[15]. Also, ceftiofur/tylosin and
ofloxacin antibiotics can be safely added to bull semen extenders and
both can protect insemination doses from bacteria that are resistant
to other antibiotic combinations[13].
Egg yolk (EY) has been used traditionally as non-permeable
cryoprotectant in buffalo semen[14], due to its content in low density
lipoproteins that possess cryoprotective features[16]. Akhter et al[17]
showed that quail EY at 5% and turkey EY at 10% in Tris citric
acid extender offered advantages over 20% chicken EY in terms
of in vitro post-thaw semen quality and in vivo fertility of buffalo
semen. However, some studies also revealed that fully avian EY
contains other substances, like high density lipoproteins, which
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have a detrimental effect to sperm function[18]. It was suggested that
these disadvantages in the use of EY can be minimized by replacing
with egg yolk plasma (EYP) containing purified low density
lipoproteins[18]. Recently, the effect of different concentrations of
EYP in Tris citric acid extender on buffalo sperm quality during
cryopreservation revealed that post thaw progressive sperm motility,
viable sperm with intact acrosome, DNA integrity, and pregnancy
rate were higher in 15% and 20% EYP compared to whole chicken
egg yolk and other concentration of EYP[19]. The plasma membrane
of the sperm cell is a key component in sperm fertilizing ability,
and therefore must be maintained intact to keep sperm viable[20].
The spermatozoa plasma membrane contains high concentrations of
polyunsaturated fatty acids, which are susceptible to reactive oxygen
species (ROS), which irreversibly compromise sperm motility, the
integrity of plasma membrane and DNA integrity, with a subsequent
loss of sperm quality during freezing-thawing process[21]. Bovine
semen has a natural defense system against the oxidative stress,
albeit it is considered insufficient to prevent lipid peroxidation under
cryopreservation process[22]. Compared to bovine, the buffalo sperm
is more susceptible to cold and heat stresses which accompanied
freezing and thawing process[23] and more sensitive to oxidative
stress[24]. The addition of antioxidants to the freezing diluent may
account to a protective effect against lipid peroxidation, thereby
preserving the metabolic activity and cellular viability[25]. There are
different antioxidant additives tested in standard buffalo tris extender,
which neutralize the accumulation of free radicals triggering
oxidation as it occurs during sperm cryopreservation, hence reducing
the risk of damage to spermatozoa[26].
Trehalose is a non-reducing disaccharide maintaining the osmotic
pressure of the diluents[20], causing cellular osmotic dehydration
before freezing, and thus decreasing the extent of cell injury induced
by intracellular ice crystallization[27]. The beneficial effect of the
trehalose on the post-thawing viability of buffalo semen has been
reported by different authors[28]. The addition of 100 mM trehalose
to buffalo semen extender improved the post thaw sperm motility,
viability and acrosomal integrity while reducing sperm DNA
damage, which improved the in vitro fertilization rate[29]. However,
a high trehalose concentration in Tris-based egg extender has a
detrimental effect on post-thawing motility and plasma membrane
integrity of buffalo semen[30].
Several amino acids have been detected in seminal plasma and play
an important role in preventing oxidative damage to spermatozoa,
by coping with ROS levels by the increase of intracellular activity
of antioxidants[31]; thus, amino acids might be successfully used as
a non-permeating cryoprotectants, exploring its positive effects on
post-thaw sperm motility and protection of the sperm membrane
integrity, with subsequently increasing the fertilizing capacity[32].
Cysteine is a precursor of glutathione (GSH) and has been shown
to penetrate the cell membrane easily, enhancing the intracellular
GSH biosynthesis and protecting the membrane lipids and
proteins[33]. Cysteine has an additional cryoprotective effect on the
functional integrity of axosome and mitochondria, improving postthawed sperm motility[34]. Incorporation of cysteine with ascorbic
acid in standard tris-fructose-egg yolk-glycerol extender improves
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sperm quality parameters, reduces enzyme leakage, and ultimately
advances cryopreserve ability of buffalo semen[22].
Hypotaurine is a precursor of taurine, which exists in the mammalian
spermatozoon and it is essential for several sperm functions, such
as motility, capacitation, fertilizing ability and early embryonic
development[35]. Taurine has positive effects on sperm membrane
function and the structural integrity of the acrosome membrane[36].
The addition of a mixture of hypotaurine, trehalose and cysteine to
Tris extender of buffalo semen significantly improved post-thawing
sperm motility, viability index and maintained acrosomal integrity,
besides exerting valuable effects in in vitro fertilizing potential[36].
This suggests the existence of a synergistic action among trehalose,
cysteine and hypotaurine.
L-carnitine, a vitamin-like amino acid with powerful antioxidant
ability[37], acts as cofactor accelerating the transport of fatty acids
into the mitochondria to generate adenosine triphosphate, and is an
important fuel source for sperm motility[38]. Moreover, it protects
sperm DNA and prevents protein oxidation and damage[39]. The
presence of L-carnitine at a concentration of 0.05 mg/mL in the
extension medium enhanced the frozen spermatozoa quality in
buffaloes by preserving the plasma membrane and mitochondrial
functional integrity and potentiating its fertilizing capacity[40].
Glutamine, an amino acid having an extracellular mechanism of
action[31], may be added to buffalo semen extenders to improve the
quality of post thaw spermatozoa with the subsequent increase of
fertility rate[41]. However, only glutamine levels between 20 mM
to 60 mM showed beneficial effects, while lower or higher doses
showed toxicity for spermatozoa and caused a significant reduction
in sperm motility and viability[42].
Melatonin is an indole derivate playing multiple actions in
the regulation of the reproductive functions[43]. It has also been
demonstrated that melatonin metabolites have the ability of sweeping
ROS[44,45], besides, the fantastic enhancing role on sperm capacitation
increases its fertilizing capacity[46]. The beneficial functions of the
melatonin on post thawing buffalo semen characteristic are dosedependent. The addition of 0.10 mM and 0.25 mM melatonin
to buffalo semen diluents is sufficiently effective to enhance its
fertilizing ability in vitro[47] and increases the conception rate[48].
These effects were associated to melatonin role in the preservation of
the mitochondrial dense structure, arrangement of the spermatozoa,
improvement semen quality and reduction of cryo-damage to the
spermatozoa[49].
Selenium is an essential trace nutrient and an integral part of
glutathione peroxidase enzyme which protects cell internal structures
against ROS[50]. Selenium deficiency has been linked to reproductive
problems with an impaired semen quality in different animal species,
and its supplementation has been reported to improve reproductive
performance [51]. Addition of 1.0 to 2.5 µg/mL of selenium to
buffalo semen extender significantly improved post thaw semen
motility, sperm viability and membrane integrity, lowered DNA
damaged sperms[52] and significantly increased the conception
rate[53]. However, selenium supplementation to semen extender
at concentrations 曒4 μg/mL had deleterious effects on sperm
parameters[52].
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2.2. Estrus synchronization as a tool for improvement of
fertility
AI is often implemented in combination with selection programs
as a most important technique widely used for dissemination of
superior genetic material of males to improve the efficiency rate
of genetic selection. AI programs used in buffaloes have a limited
expression, representing less than 10.0% of breeding (only 5.0% in
Italy, 3.7% in Azerbaijan, 0.3% in Egypt, and 0.1% in Romania).
However, in Bulgaria where it can be found in the largest cooperative
state farms, AI is applied to 80% of the buffaloes[54]. Estrus detection
is a prerequisite for AI, as it would help to predict the appropriate
time of ovulation for timed insemination and increase conception
rate[55]. However, estrus behavior in buffalo has a weaker expression
than that in cattle, especially in heifers, thus representing one of
the challenges in the application of AI in buffaloes. The incidence
of silent heat or so called sub-estrus reaches 70% in buffaloes and
estrus is often undetected under natural field conditions[56], which
adversely concurs to huge economic loss. The acceptance of the
buffalo cows to bulls is considered the most reliable indicator
for estrus detection[57]. Still, it is possible to monitor follicular
development for estrus and ovulation using the ultrasonography[58].
Recently, electronic radio telemetry has also been used with 100%
accuracy for estrus detection in synchronized buffalo heifers[59].
However, estrus synchronization has been developed to intensify the
estrus and overcome the estrous detection with improving conception
rate[60].
Buffaloes are characterized by seasonal reproductive activity;
they show distinct seasonal variations in displaying estrus, even
though the proportion of animals displaying estrus during the
shorter day period is greater than in the longer day period. Buffaloes
seasonality affects the efficiency of the synchronization protocols[61].
Estrus synchronization protocols in buffalo are based on those
existing for cattle, either by inducing premature luteolysis with
prostaglandins or by prolonging the luteal phase using progestogens.
Although the administration of single dose prostaglandin F 2毩
α(PGF2毩) is effective and economical for estrus synchronization
in buffaloes[62,63], it has a limitation because it works only in the
presence of an active corpus luteum (CL). The application of
gonadotropin-releasing hormone (GnRH) or analogs along PGF2毩α
strengthens the response because it causes ovulation or luteinization
of large follicles present in the ovary, and subsequently synchronizes
the recruitment of a new follicular wave[64]. This protocol enhances
estrus detection and enables to precisely control ovulation time
(synchronization of ovulations), therefore, facilitating the use of
fixed timed of AI (FTAI). The use of hormonal protocols associated
with FTAI presents more advantages and is practical to overcome
the problem of estrus detection in buffaloes, especially during the
seasonal anestrus[65].
One of the most popular protocols used over the last decade
for estrus synchronization and FTAI in cattle and buffaloes is
Ovsynch—initially developed to involve sequential injections of GnRH
on Day 0, PGF2毩analogue on Day 7, GnRH on Day 9, and timed
of AI on Day 10[64]—that results in fertility rates similar to those of

AI at estrus detection[66], while eliminating the practical problems of
heat detection in buffalo[67]. Even though it has shown satisfactory
results in favorable season[68], it presents low conception rate when
applied in summer, because Ovsynch protocols require that animals
are cyclic[69]. Furthermore, there is 20%-40% failure of ovulation
recorded in buffaloes following Ovsynch protocol[69], which may
result from the absence of a dominant follicle at the moment of
the first GnRH injection and subsequently to CL absence at the
day of PGF2毩injection[70]. Lower circulating progesterone, which
subsequently delays ova maturation at the time of insemination, may
be another cause for low conception[71]. Therefore, many researchers
suggested that administration of exogenous progesterone in the form
of controlled intravaginal releasing device (CIDR) along OvsynchFTAI protocols would prevent the onset of premature estrus allowing
formation of CL with normal life span following CIDR removal[71].
So, the Ovsynch+CIDR protocol presents better estrus response and
higher pregnancy rate in buffaloes during the breeding season[72]
and in postpartum anestrous buffalo[73]. To enhance the reproductive
efficiency in the postpartum buffalo during the summer season, a new
synchronization method called Doublesynch can also be used. This
protocol includes the administration of an additional PGF2毩injection
48 h before the beginning of Ovsynch protocol[74]. The highest
pregnancy rate (58.0%) was achieved in Doublesynch compared to
control group (39.0%), suggesting that Doublesynch protocol can
be successfully used in buffaloes during summer[75]. Furthermore,
authors found the service period in Doublesynch group was 12 days
shorter than control that improved the economics of dairy farm.
Similarly, Mirmahmoudi and Prakash[76] concluded the Doublesynch
protocol produced efficient synchronization of ovulation twice, i.e.,
after the first and second GnRH administrations and the anestrus
buffaloes had pregnancy rates as high as those recorded in cycling
buffaloes after treatment with the Doublesynch protocol (55.0% and
60.0%, respectively). The authors elaborated that this finding may be
attributed to the high release of luteinizing hormone (LH) following
the first GnRH injection due to a low progesterone environment
brought about by the additional PGF2毩injection administrated 2 days
prior to the first GnRH, leading to most of the animals ovulating
after the first GnRH injection, and hence, creating the optimum
follicular size for ovulation and conception to occur at the second
GnRH injection.
The efficacy of melatonin implants followed by CIDR treatment
was tested for mitigating the adverse effect of summer stress on the
ovarian activity in anestrus lactating buffaloes. Ramadan et al[77]
concluded that CIDR treatment preceded by melatonin improved the
reproductive performance in lactating buffaloes, which achieved a
higher conception rate than control.
Many attempts to modify Ovsynch protocols were performed, in
which estradiol benzoate (EB) was injected after CIDR removal in
nulliparous and multiparous buffalo[78]. It has been concluded that
the administration of EB in conjunction with CIDR might be better
and preferred to that of GnRH, as it improves estrous intensity and
generates greater ovulation rates, which could be implemented
with FTAI program with best pregnancy rates. EB-based protocols
have several advantages compared with GnRH-based protocol in
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estrus synchronization in buffaloes, which include its lower cost, an
utmost control of follicular growth plus the occurrence of estrus, a
better uterine tone, and subsequently a relative ease insemination,
and likely creates a better uterine environment for embryonic
development[79]. Furthermore, there is evidence that EB obtains an
increased LH release and greater induction of ovulation[80]. However,
recently, neither Yousuf et al[78] nor de Carvalho et al[81] were able
to find significant differences in the induced follicular response and
ovulation when comparing EB and GnRH in progesterone based
synchronization protocol in buffaloes.
When implementing FTAI protocols in the buffalo, it is necessary
to know the time of ovulation to optimize AI efficiency. Ovulation
ranges from 65-75 h after CIDR removal in buffalo[82]. To enhance
the fertility rates, the optimal time of AI is 48-60 h[83], and the
double inseminations execute a significantly higher pregnancy
rate than single insemination in buffalo treated with CIDR-GnRH
protocol[84].

2.3. Use of sexed buffalo semen for AI
Sexed semen in bovines increases the effectiveness of AI, deviating
the sex ratio in favor of females and the rapid expansion of dairy
herds carrying productive traits of high genetic values. Buffalo
sperm can be sorted into X and Y chromosome-bearing spermatozoa
on the basis of physical differences and DNA contents through
cell flow cytometry sorting separation, with similar success as in
cattle[85]. Sexed sperm in buffalo used for AI with X-sorted have
90% purity and 82.8% accuracy when applied in the field [84].
The application of sexed sperm in buffalo breeding plans in herds
would be economically feasible, and would target the upbringing
of heifers with distinctive potential genotype as replacement for
low productivity buffalo cows. Regarding to the rates of pregnancy,
the practical use of AI with sexed semen in buffalo heifers gave
satisfactory and promising results comparable with conventional
non-sexed semen[86]. Lu et al[84] showed that higher pregnancy rates
could be obtained with sexed buffalo semen using AI than unsexed
semen (69.7% vs. 66.5%). However, the results of AI with sexed
buffalo semen may be dependent on many factors, and more studies
on this topic are foreseen.
Mediterranean buffaloes showed a pregnancy rate of between
30% and 50% when inseminated with sexed semen[87]. It has been
demonstrated that a breed influence on the success of sex sorted
semen existed: the pregnancy rate obtained was higher for Murrah
bulls (52.5%) than for Nili-Ravi’s (46.1%) or water buffalo bulls
(48.5%), suggesting that the use of Murrah bulls might be preferable
for sexed semen production[87]. This was supported by Lu et al[84],
who found lower conception rates with sexed sperm derived from
Nili-Ravi bull (55%) compared with Murrah’s (83.6%), which was
attributed to differences in the morphology and genetic background
of sperm and their ability to withstand the sexing procedures. Alike
the report in cattle[88], individual differences in the pregnancy rates
amongst donors of sexed semen were recorded in buffaloes[87].
The authors attributed this variation to differences in morphology
and genetics of sperm and their ability to withstand the sexing
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procedures[87]. Thereby, to amplify the output of AI using sexed
semen technology, breeding bulls should be beforehand selected
carefully.
Parity is an important factor affecting fertility when sexed semen is
used in Holstein cows. The pregnancy rate in parous cows was lower
than in heifers (60% vs. 80%, respectively)[89]. Thus, for economic
considerations, the sexed semen was more often used for AI in
heifers[90]. However, no difference in pregnancy rate was seen in
nulliparous and parous buffalo cows[87], suggesting that parity may
not exert the same effect on the fertility as it does on dairy cows.
Furthermore, the conception rate in heifers was lower than in parous
buffaloes when synchronization and FTAI were used, but it was
similar when they were inseminated at natural estrus[91].
The site for sperm deposition plays an important role in the
fertility of sex-sorted semen [86]. Campanile et al[86] recorded a
significantly higher pregnancy rate when sexed buffalo semen
was deposited into the body of the uterus rather than in the uterine
horn (45.5% vs. 32.3%). Others’ reports demonstrated that the
success of AI with sexed sperm was enhanced by using a special
catheter—Ghent insemination device [92] , enabling the gentle
deposition of spermatozoa close to the utero-tubal junction in
cattle[93] and buffalo[85,86]. The optimum number of sexed sperm
in the inseminating dose, allowing to obtain promising pregnancy
rates (49.8%), was defined as 4 million for the Italian buffalo[94].
Nevertheless, others registered similar pregnancy rates in buffalo
heifers using 2 million live sorted sperm per dose and non-sexed
semen (38.8% vs. 37.7%)[86].

2.4. Embryo transfer-a tool for genetic improvement
MOET is a technique by which embryos are collected from a
superovulated donor female and transferred to recipient females
that serve as surrogate mothers for the remainder of pregnancy.
MOET technique applied in buffalo is essentially a replicate of
those used in cows, and involves multiple ovulation in females by
administration of gonadotropins in the luteal phase of the estrous
cycle, followed by induction of estrus, in vivo fertilization, nonsurgical recovery of embryos and transfer into suitable synchronized
recipients. This technique applied for embryo production exploits
the genetic potential in females to accelerate the multiplication of
superior animals. It consists of several steps, namely the selection
of donor and recipient females, superovulation and the concurrent
synchronization of estrus between donor and recipients, the recovery
of embryos and afterwards its examination and classification, and
finally the transfer of suitable embryos. Embryo transfer enhances
the upgrade of herd genetics by careful pairing of donors and bulls.
Also, this technology reduces the generation interval and opens the
possibilities for enlarging progeny population of high genetic merit
dams in the nucleus breeding program[95], of particular interest for
buffaloes, allowing to increase the selection intensity over desired
production traits. Ultimately, MOET is used to produce genetically
selected AI sires from proven cows and bulls[96].
For a few years, new genomic techniques have been used
increasingly to select embryo donors, especially for selection of
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dairy dams for super-stimulation, where a genomic analysis is
becoming essential[97]. Many breeders have embraced genomic
selection and routinely used genomic estimated breeding values
when purchasing semen or deciding which cows and heifers merit
investment in reproductive technologies such as MOET. At the
same time, AI companies are aggressively using genomic testing
to determine which young bull to purchase, marketing semen to
dairy producers, and identifying elite females that can make positive
genetic contributions to the next generation. By increasing the
accuracy and the intensity of selection and shortening the generation
interval, the rate of genetic progress for economically important
dairy cattle traits can be almost doubled. Moreover, when a breeder
identifies genetically superior females using genomic testing, these
animals usually become part of a MOET based program, after
reaching sexual maturity[98].
The main goal of the dairyman is not to produce a sire for potential
use in AI, but to produce females of high quality to be used for the
next generation in dairy herds. Therefore, dairymen utilize sires that
meet their selection criteria and every female in the herd is bred to
create a potential replacement. Now, by the aids of MOET, every
dairyman can select females or even groups of females of high
production to use as replacement generators in their herds. On the
flip side, females of lower production can be utilized for other aims
rather than create a female replacement, that is, they can be used as
recipients for embryos.
However, in buffalo, the production of a sufficient number of viable
embryos with a high probability for producing multiple transfer
pregnancies has been limited, in spite that the implementation of
MOET in this species started three decades ago[99]. The results
achieved so far have been modest and rather distinct from cattle
because of some species peculiarities. The efficiency of embryo
production in buffalo has not improved much over the years and this
is due to many factors.
Buffalo ovaries are smaller than cattle’s, and the corpora luteas
are deeply embedded in the ovarian stroma, so the ovarian
structures are difficult to palpate per rectum[100]. The smaller size
of the corpora lutea is one of the reasons for lower progesterone
production in bovine species[101]. Also, the primordial follicles pool
on the ovary is smaller in buffalo than in cattle[102], so the antral
follicles found at all stages of the estrus cycle are fewer in buffalo
than in cattle[103]. Furthermore, a high frequency of deep atresia of
follicles is reported in the buffaloes’ovary than in cattle’s[104]. The
reproductive efficiency of buffaloes shows wide variation throughout
the year in relation with climate and photoperiod[105], particularly
depending on melatonin secretion which plays a pivotal role[106].
Compared with cattle, the homosexual estrus activity in buffaloes
is not as pronounced as in cows[107]. Moreover, the estrus is often
silent, and the circulating levels of estrogen have been reported to
be low when compared with cattle[108], and this reflects on silencing
estrus expression[109]. Plasma inhibin levels in relation to steroids
and gonadotrophins during estrous cycle range between 391.25
and 631.97 pg/mL during various phases of the estrous cycle and
are found to be higher than that reported in cows [110]. Inhibin
suppresses the production and/or secretion of follicle-stimulating

hormone (FSH) through negative feedback at pituitary level[111].
Plasma estradiol, progesterone and FSH concentrations and FSH/
LH ratio are affected by weather in buffalo[112]. The concentration
of these hormones is lower in summer season compared to cooler
months[113]. These factors could account for limiting the response
of MOET technology in this species, in terms of low ovarian superstimulation response and transferable embryo recovery.

2.5. Ovarian super-stimulation in buffalo
For superovulation of donor buffalo cows, the treatment protocols
usually rely on the administration of FSH and equine chorionic
gonadotropin (eCG). The hormonal treatment starts in the midluteal phase (8 to 12 days) of the donor’s estrous cycle. The eCG is
a complex glycoprotein with a prolonged half-life (> 40 h) in the
circulation and only a single injection of 2 000-3 000 IU is required
to elicit super stimulatory response[114,115]. Conversely, the biological
half-life of FSH has been reported to be≤曑5 h[116]; thereby multiple
injections are necessary to elicit optimal ovarian stimulation, given
twice daily, over 4-5 days, with a total dose of 40-50 mg[117]. It has
been shown that twice daily injections of FSH induced a greater
super stimulatory response than once daily treatments[118]. However,
in field trials, 40 mg FSH divided into eight equal doses stimulated
a lower ovarian response than 40 mg FSH administered in eight
decreasing doses[100]. Similarly, the total embryos recovered and
the numbers of transferable embryos were greater in the gradually
descending dose of FSH than in the constant or a steeply descending
dose[119]. In FSH-treated buffalo, the supplementation of GnRH at
8-12 h after standing heat produces more transferable embryos was
compared with controls or buffaloes treated at standing heat[120].
Another study refers to a significant higher proportion of transferable
embryos recovered in buffaloes treated with LH as compared to
GnRH[121]. It was also demonstrated that the application of estradiol17毬and human chorionic gonadotropin concurs to improve the
ovarian response, and consequently ovulation and fertilization rates
in cycling and anestrous buffaloes of different breeds[122,123].
Comparatively, FSH has been found to be preferable as superstimulatory agent than eCG, as producing more CL and recovered
embryos of high quality[115]. Some problems resulted from eCG
administration, including the presence of anovulatory follicles
that secrete estradiol far in excess of the normal preovulatory
concentration which is in combination with a low concentration of
progesterone secreted during the early luteal phase of the superstimulator cycle, leads to an undesirable uterine environment for
embryos. Furthermore, after ovulation, eCG is still present in the
circulation and might have a deleterious effect on the quality of
embryos by stimulating steroid secretion. On the other side, in
addition to its expensive cost, compared to eCG, the FSH treatment
presents as disadvantages of the excessive handling associated with
frequent injections, which may be stressful to donor animals and
may result in a reduced super-stimulatory response[115,124]. However,
researchers successfully simplified protocols of super-stimulation to
reduce donor handling and improve response, particularly in fierce
animals. The combination of FSH with a slow release carrier that
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could induce a super-stimulatory response over several days has been
tested. A single injection of 5 mg FSH diluted in 3.2% gelatin protein
as a vehicle, once per day, allowed to cut animal handling in half[118].
Moreover, the use of the same protocol with 50 mg FSH as one
injection gave results similar to that of 5 days, twice-daily treatment
protocol[125]. Aluminum hydroxide gel, polyvinylpyrrolidone and
hyaluronan are other beneficial carrier, all of which would release its
carried molecule slowly over a period of several days; so, when used
in combination with FSH and administered as a single injection, it
allowed to induce ovarian super-stimulation[125,126].
Super-stimulation remains elusive and the less predictable step in
the process of embryo production in buffalo[127]. The vast differences
in the ovarian response to gonadotropin stimulation are still a major
problem in MOET programs. In most cases, failure to respond to
the first super-stimulation attempt will likely result in failure in
subsequently treatment regimens. Moreover, ovarian responses and
embryo recovery vary widely with age, parity, breed, season of the
year, nutrition, milk yield status, lactation number, type of the superstimulatory agent and the stage of the estrous cycle at which the
treatment is initiated[128].
It has been found that the ovarian antral follicular population
in cattle was associated with the circulating concentrations of
anti-Müllerian hormone (AMH), insulin and insulin-like growth
factor[129]. AMH, produced by granulosa cells of antral follicles, is
used as a reliable endocrine marker of ovarian reserve[130]. A strong
positive relationship between ovarian hyper-stimulation and embryo
production was reported in dairy cattle[131,132] and buffalo[133].
Thus, the concentration of circulating AMH might help to forecast
the response of ovarian super-stimulation. Moreover, AMH could
be utilized as a tool instead to ultrasound for ovarian follicular
count during the estrous cycle[132,134]. Early studies indicated by
ultrasonography scanning have proven the presence of a pattern of
one to four follicular waves during the buffalo estrous cycle and
the existence of seasonal variations in follicular dynamics[103,135].
The ovarian response, total recovered embryos, the number of
transferable embryos and the pregnancies achieved after eembryo
transfer, all have been found to differ during monsoon periods,
being significantly higher in winter than summer[136]. Moreover,
the ovarian activity is greater in the cooler months with short day
lengths than in summer [137]. The percentages of excellent and
good quality oocyte were significantly higher during winter and
spring than summer and autumn[137,138]. During the dry hot season,
buffaloes show higher prolactin secretion and it is thought to be one
of the reasons for the poor reproductive performance during these
months[139]. Compared with the wet cool season, the dry hot season
was marked with a progressive decrease in the number of small
follicles and a rapid disappearance of follicles from the medium
size during the super-stimulation treatment. Also, it was observed
that during hot season, the small and medium size ovarian follicles,
which were present at the time of super-stimulatory treatment, were
faster turnover to large follicles and it was found to be adversely
affected follicular maturation and luteal function, besides detrimental
effects to the embryo quality[103].
The ovarian response, measured by the number of CL, total number
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of recovered embryos and transferable embryos, was significantly
higher in buffaloes when the super-stimulatory treatments were
initiated in the absence of dominant follicles than in animals
having dominant follicles[103,121,140]. It has been suggested that the
presence of a dominant follicle which developed during follicular
wave at the time of initiation of gonadotrophin treatment suppress
prevents the inferior neighbouring follicles to the emergence of the
next follicular wave thereby increasing the atresia of recruitable
follicles. Thus, the presence of a dominant follicle at initiation of
gonadotrophin treatment exerts a negative effect on subordinate
follicles and decreases the super-stimulatory response[103,141].
Circulating progesterone levels on the day of initial FSH injections
are positively correlated with the ovulation rate in buffalo[140] and
the high concentration indicates ovary has functional CL.
Embryos produced from super-stimulated cows are more advanced
in development relative to those from untreated, natural cycles[142].
Thus, higher pregnancy rates in cattle are observed when recipients
and donors coincide in estrus or the former anticipated 12 h
compared to donors[128], whereas pregnancy rates decrease when
recipients show estrus 12-24 h before the donors[142,143]. Conversely,
in buffalo, high pregnancy rates are achieved when donors and
recipients are in estrus within 12 h of each other; when synchrony
exceeded 12 h, no embryos were successfully implanted[144,145].
Pregnancy rates are similar whether the embryos are transferred
into the right or the left uterine horn, with no significant effect of the
site of the transfer, whereas the rate of conception increased as the
CL size of recipient increased[145], suggesting that the suitability of
recipients depends on the size of a functional CL, which tended to
influence the pregnancy rate, whereas, there is no difference in the
incidence of right versus left side ovulations. Likewise, the type of
estrus (spontaneous or induced) or the stage of embryo development
(early morulae or compact morulae) had no effect on pregnancy,
whereas embryo quality can be done, i.e. transfer of embryos with
excellent and good quality resulting in high pregnancy rate than
embryos of inferior quality[145].

2.6. Cryopreservation of buffalo embryos
Embryos produced either by MOET or in vitro fertilization can be
preserved and stored for many years at low temperature (-196 曟)
using liquid nitrogen. These embryos can be thawed at any time in
the future to be transferred to recipient females under desired optimal
conditions. Embryo cryopreservation also provides global genetic
transport for maternal germplasm allowing increasing the herd
genetic selection pressure. Moreover, the breeding line regeneration
or proliferation for genetic resource rescue can be achieved[146].
Many authors have tried to simplify the procedure of embryo
preservation in buffaloes and investigated factors affecting the
success of embryo freezing. To study the effects of cryoprotectants
on the embryo viability, different cryoprotectants (glycerol, ethylene
glycol or dimethylsulfoxide) were added in a 3-step (0.50 M; 1.00 M;
1.50 M) or 6-step (0.25 M; 0.50 M; 0.75 M; 1.00 M; 1.25 M;
1.50 M) procedure using increasing concentrations of cryoprotectant
in phosphate buffer saline at 10 min intervals. After freezing and
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thawing, each cryoprotectant was withdrawn and removed gradually
by 3 or 6 stepwise reverse steps of addition. Each removal protocol
was performed for embryos in each cryoprotectant. The viability of
the embryo was evaluated by its capacity to subsequently develop
and by using fluorescence vital stain[147]. The 6-step addition of
glycerol produced buffalo embryos with highly brighter fluorescence
than 3-step and it was also demonstrated that the blastocyst stage is
more viable than the morulae’s. Similarly, the gradual removal of the
cryoprotectant in the embryo freezing solution after thawing would
avoid zona pellucida damages. Some experiments were developed
using conventional equilibrium methods and freezing machines for
cryopreservation of the buffalo embryos has been reported[147,148].
Glycerol was found to improve survival of bovine embryos after
freezing and thawing[115], although it was with very low pregnancy
rates: when frozen embryos in 1.4 M glycerol were transferred to
recipients, the pregnancy rate was 28%, and only 82% of pregnancies
are live births[148].
Vitrification is a new technique alternative to conventional methods
for embryo freezing. It was defined as a physical process in which
a highly-concentrated solution of cryoprotectants jellifies during
cooling, without the formation of ice crystals[149]. Vitrification
greatly simplifies the process of cooling, avoiding physical damage
to embryos, and lessens the chilling injury of embryos as it passes
through critical temperatures very rapidly [150] . However, the
embryos cryopreserved by vitrification may still be injured because
of the toxicity of cryoprotectants, extracellular ice fracture, and
adverse osmotic effects[148]. The results achieved in experiments
carried out so far give reason to believe that it is possible to create
banks for deep frozen buffalo embryos. These banks could be used
successfully for conservation of genetic resources in buffaloes,
introduction of new breeds and rapid dissemination of high
producing buffalo genotypes[151]. The application of vitrification to
field conditions reduces the equipment needed and technical skill
required and provides considerable cost and time-saving per embryo
transferred[152].

3. Conceptualization to promote Egyptian buffalo
productivity
The improvement of production performance of Egyptian buffalo
has become an urgent need, but there are impediments holding
the project. For relevant background, the first challenge to the
improvement of buffalo production efficiency in Egypt is related to
the system of buffalo distribution and breeding. The overwhelming
majority (97.5%) of the buffalo population in Egypt is dispersed
all over the country, with farmers in small herds (two to five heads)
[54,153]. Such herds are suffering from malnutrition, poor housing,
lack of proper veterinary services and impaired management
practices. Furthermore, the supporting services of AI, milk recording,
genetic evaluation and milk marketing systems are unavailable[154].
Moreover, most buffaloes at small holders are bred naturally with
untested bulls, i.e. bulls not selected for production improvement and
not examined for reproductive diseases. This favours the low fertility

rates and the spreading of semen borne diseases, leading to high
economic losses. Other side of the problem is represented by buffalo
herds with average size of 9 heads per household and located in periurban areas. Compared to the smallholders, these premium herds are
characterized by higher milk production, longer lactation length[153]
and have been enjoying a relatively good level of nutrition and
managerial situations, due to their high milk revenues. Unfortunately,
these stellar buffalo cows are often discarded and slaughtered after
the end of the lactation period. Consequently, there are a lot of
losses in the best buffalo cows that could have been used for genetic
breeding programmes. On the other side, many farms are specialized
in intensive milk production and have more than 50 heads of dairy
buffalo per farm, representing larger commercial herds with better
management system[153]. The milk recording system under this
production system is practiced mainly to improve the management
routine of the farm. Some farms have milk processing plant and feed
milling machine, subsequently, herds in this system of production
show better levels of appropriate care and attention and better overall
management.
In Egypt, there are two main institutions that produce bulls and
frozen semen for insemination: Animal Production Research
Institute and the General Authority for Veterinary Services.
Animal Production Research Institute selects young buffalo bulls
provisionally according to dam milk yield, but the final decision
is based on the bull’s physical fitness and its semen quality. The
General Authority for Veterinary Services selects buffalo sires from
the market according to their body conformation, physical fitness
and semen quality[154]. In addition, no connection links between
recording, genetic evaluation and AI institutions, consequently
no genetic improvement programs are practiced in Egypt[154]. As
productivity traits are not yet a primary concern for selection of
those sires, the genetic improvement did not materialize concretely,
and the problem is settled by importing Italian frozen buffalo semen
for genetic improvement. The hazardous use of imported frozen
semen, without awareness and precautions, might compromise the
genetic performance of native buffalo breeds, in spite of an existing
national demand to keep and conserve the genetic material of native
breeds. The other side of the problem is evidenced by the lack of a
strategy for communication and cooperation between the authorities
involved. For example, the Cattle Information System/Egypt of the
Cairo University has recently recorded many herds of different size
(small: one to five animals; medium: six to twenty; and larger herds).
Data analyses monthly produced herd summaries and individual
milk yield information, along with the genetic evaluation performed.
However, these outputs are regrettably inactivated, and no sire or
cow directory has been published due to the lack of links between
milk recording and AI organizations.
In the preceding paragraphs, we tried to embody and characterize
the problems that hinder the improvement of buffalo productivity
while in this section we visualize future proposal for the advancement
and development of Egyptian buffalo. This proposal puts the first
foundation stone for the improvement and increase of buffalo
productivity by giving the priority to small holders, village farms
throughout Egypt. The presence of sizeable numbers of highly
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lactated buffalo cows and the presence of reasonable and suitable
high quality buffalo bulls with high breeding value for propagating
their valuable genes through AI are the main targets of the proposal.
Conservation of genetic material (semen and embryos) is also one
of the objectives, as well as the establishment of a small herd of
high milk yield that may be used in the future as a nucleus herd for
genetic improvement to supply and strengthen AI centers with high
quality frozen semen and embryos.
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4. Conclusion
The potential of buffalo has made it a favorite future animal for
tropical and sub-tropical areas, so some attention should be paid
to buffalo for improving its productivity. Many countries such as
Italy, India and Pakistan are concerned with the buffalo through
encouraging the farmers and breeders for milk recording and help
them in the selection activity which was reflected in the improvement
of genetic potentiality with productivity increases of their buffalo
herds. With regard to developing countries that are suffering from
a shortage of animal resources, in spite of possessing a wealth of
buffalo herds, they should be working to improve their productivity
by drawing on the experiences of other countries that predecessor in
this area. The application of advanced reproductive biotechnology
concurrently with genetic programs could be helpful to achieve this
target within short time.
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