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Abstract: In vitro embryo production (IVEP) is a promising tool with many applications in producing calves from 
genetically superior animals desired for propagation and in the conservation and revival of endangered species. The 
techniques of IVEP were adopted from cattle and refined to suit the water buffalo requirements. From the collection of 
ovaries from a local abattoir and the collection of oocytes by ovum pick up from live animals, gamete storage, collection 
techniques, handling of ovaries and oocytes to keep the viability and developmental competence, selection of oocytes to 
the type of culture media and in vitro culture condition, and treatment of the sperm cells for in vitro fertilization are all-
important components of the process that requires careful and precise action to ensure success. Trials on 
intracytoplasmic injection, the use of sex-sorted sperm cells as a tool for producing sex-predetermined embryos, and the 
somatic cell nuclear transfer are methods that can be used to produce embryos in vitro. This paper provides the 
important considerations involved in the production of healthy live calves out of in vitro-produced water buffalo embryos. 

Keywords: In vitro embryo production, cryopreservation, vitrification, embryo transfer, somatic cell nuclear 
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INTRODUCTION 

In the Philippines, attempts to produce embryos 
from follicular oocytes by in vitro maturation (IVM), in 
vitro fertilization (IVF), and in vitro culture (IVC) was 
successfully demonstrated; resulting in the birth of 
calves out of embryo transfer (ET) using freshly 
produced pre-implantation stage crossbred 50:50 river: 
Swamp embryos [1], and vitrified in vitro produced 
(IVP) river buffalo embryos born both from the river [2] 
and swamp [3] buffalo recipients, including twins [4]. 
Embryos produced in vitro from in vitro matured 
oocytes and in vitro fertilized by density gradient 
isolated sperm cells [5] also resulted in the birth of 
healthy live calves. Oocytes retrieved from live animals 
using ovum pick-up (OPU) and in vitro matured, 
fertilized, and developed into pre-implantation stage 
embryos [6] also resulted in births of live calves after 
ET demonstrating the potential of the IVEP as a tool in 
the production of genetically valued water buffaloes 
and in overcoming the various reproductive problems 
that affect the reproduction of this animal species.  

In India, live water buffalo calves were also born out 
of IVP embryos transferred fresh in river buffalo [7], IVP 
embryos out of hand-made cloning [8], and OPU- 
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derived oocytes [9]. In China, calves were born out of 
IVP embryos in vitro fertilized using sex-sorted sperm 
cells [10,11], IVP embryos out of somatic cell nuclear 
transfer (SCNT) [12], and cloned embryos by embryo 
splitting [13]. In Italy, calves out of IVEP of OPU-
derived oocytes were also reported [14-16] with 
pioneering works by Boni et al. [17,18]. Pregnancies of 
water buffalo out of vitrified buffalo embryos were also 
reported [19]. In Thailand, the first cloned swamp 
buffalo produced from adult ear fibroblast cells out of 
IVEP techniques was also realized [20]. 

TECHNICAL ASPECT  

Complete aseptic conditions are necessary to avoid 
contamination in the in vitro production of water buffalo 
embryos. Materials and media that come into contact 
with gametes and embryos should be sterile. 
Autoclaving at 121ºC for 15 minutes followed by air 
drying in a low-temperature oven is used for liquid 
solution and glassware. For plastic materials, ethylene 
oxide gas sterilization is used. For the preparation of 
culture media, a laminar flow cabinet is necessary, and 
prepared media is sterilized by filtration using syringe 
filters with a 0.2-micron membrane. To minimize stress 
to the gametes, in vitro manipulation procedures are 
done at appropriate temperatures (35 to 37ºC), pH (7.1 
to 7.4), osmolarity (280 to 300 mOsmol), and minimum 
exposure to UV light. In vitro culture is done in a 
humidified CO2 incubator at 38-39°C. The sequential 
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steps involved in the production of embryos in vitro are 
as follows; 1) collection of oocytes by retrieval from 
abattoir-derived ovaries or by OPU from live donors, 2) 
selection of developmentally competent oocytes and 
IVM, 3) sperm capacitation and IVF, and 4) IVC for 
embryo development. 

Oocytes Collection from Abattoir-Derived Ovary or 
Ovum Pick Up 

To produce water buffalo embryos, oocytes can be 
retrieved from slaughterhouse-derived ovaries or by 
OPU from live donors by transvaginal follicular 
aspiration. Storage temperature, medium, and duration 
can affect the developmental competence of oocytes 
[21, 22]. Ovaries stored within 6 hours prior to oocyte 
collection were found best stored at 25 to 33ºC, with 
higher temperature detrimental [23]. Longer storage of 
ovaries is best stored at 15ºC [21]. Ovarian tissue 
storage at a lower temperature preserves the viability 
of the ovarian tissue for a longer period. Before oocyte 
aspiration, washing the ovaries with fresh physiological 
saline is necessary to wash out any contaminants. 
Physiological saline: 0.9% sodium chloride in distilled 
water with 100 µg streptomycin/mL and 100 IU 
penicillin/mL [2-4] or without antibiotics [22] can be 
used as ovary storage in a sealed container.  

Various techniques were tested for oocyte recovery 
from the ovaries: follicular aspiration, ovarian slicing, or 
follicle puncture. Slicing yielded a larger number of 
retrieved oocytes but is not convenient because of the 
highly heterogeneous population of oocytes and the 
high incidence of contamination [23-26]. Follicular 
aspiration is considered the best method. However, the 
size of the bore opening of the aspiration needle can 
damage the surrounding cumulus cells, so an 18-
gauge needle with an aspiration medium is appropriate.  

The common oocyte holding and washing medium 
is the pre-warmed modified phosphate-buffered saline 
(mPBS) with 3mg/mL bovine serum albumin (BSA) 
[2,3,22]. This washing medium can also be modified 
with 5% (v/v) heat-inactivated Fetal Calf Serum (FCS) 
[27]. In some cases, Tissue Culture Medium-199 
(TCM199) with 10% FCS, buffered with 25 mM 4- (2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 
and 5 mM sodium bicarbonate was also used [28]. 
Additionally, HEPES-buffered modified Tyrode’s 
medium [29] supplemented with 3 mg/mL BSA, 0.2 mM 
sodium pyruvate (Sigma) and 50 µg/mL gentamicin 
sulfate (Sigma) is used [30]. BSA or serum is added in 
the medium to avoid the oocytes' adherence to the 

container's surface and to provide energy substrates. 
Whichever of the above media, the effect on the 
oocytes is the same, provided the environmental 
condition is favorable, and the length of operation is 
short. Time and speed are important in carrying out the 
in vitro manipulation procedures. The shorter the 
operation in the outside environment, the better the 
result. 

To produce embryos in vitro from oocytes of the live 
donors, OPU is used. While OPU in water buffalo was 
first reported in Italy [17], it was in 2007 that OPU was 
practiced in the Philippines [31]. The techniques of 
OPU in buffaloes are the same in cows [32] as the 
procedure in water buffalo described earlier [33]. The 
technique involves ultrasound-guided follicle aspiration 
to recover oocytes, allowing greater use of genetically 
valuable females. It is a repeated pick-up of immature 
oocytes directly from the ovary without any major 
impact on the health of the female donor. It is applied 
to cycling donors of all ages, from two-month-old 
calves to very old cows, except pregnant animals after 
the third to fourth month of pregnancy [31]. In Thailand, 
lactating postpartum swamp buffaloes were also used 
[34]. 

Various factors can affect the efficiency of OPU. 
These factors include the physiological condition and 
estrous cycle of the donor, frequency and season of 
collection, tools and equipment used, and the skill of 
the technician. During the follicular phase of the 
estrous cycle, more oocytes can be collected than 
during the luteal phase. When OPU is done during the 
breeding season, better oocyte recovery and a higher 
developmental competence of the resultant embryos 
were observed [35-37]. On the frequency of OPU, a 
once-a-week collection results in the retrieval of a 
smaller number and lower quality of oocytes and 
oocytes with expanded cumulus mass and atresia [31]. 
A twice-a-week oocyte collection was found to be 
better, allowing maximum recovery of oocytes of 
suitable quality for embryo production [38] and has no 
side effects even after twice-a-week collections for over 
a year [39]. On the other hand, Ferraz et al. [40] 
compared the 7 and 14 days interval of OPU and found 
that 14 days interval gave a larger (P < 0.001) number 
of ovarian follicles suitable for puncture (15.6 ± 0.7 vs. 
12.8 ± 0.4) and an increased (P = 0.004) number of 
cumulus-oocyte complexes (COCs) recovered (10.0 ± 
0.5 vs. 8.5 ± 0.3) than in 7 days interval and this was 
confirmed by Konrad et al. [41]. Following a regimen of 
follicular aspiration sessions every 15 days over a 
period of five months of work [36], an average of 13.5 ± 
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5.6 follicles from which 10.2 ± 6.5 structures were 
recovered and 5.2 ± 3.9 COCs selected continue the 
IVM process from each animal. However, only 3.1 ± 2.6 
COCs/animal/aspiration sessions were considered 
viable according to the morphological characteristics of 
the COCs. 

Long-term OPU showed that buffalo cows submitted 
to repeated OPU sampling for a 9-month period 
demonstrated a decline in follicle recruitment and 
oocyte collection after the first two months of samplings 
and after 6-month of samplings a drop in 
developmental competence was also observed [42]. 
While different schedules can be used for oocyte 
recovery, allowing the system to adapt to different 
practical situations is needed to improve the quality of 
oocytes. It has been observed that OPU can have its 
own therapeutic effect on infertile donors, especially 
those affected by ovarian cysts [31]. 

In carrying out the OPU, antral follicles ≥2.0 mm in 
diameter are aspirated from each ovary using stainless 
steel needle with a length of 50 cm [6] to 55 cm [43] 
long, depending on the availability. The stainless-steel 
needle has an 18-gauge or 0.1 cm diameter to 
minimize mechanical damage to the cumulus and 
granulosa cells surrounding the oocyte. In aspirating 
the oocytes, the ultrasound echo tip is 5- to 9-MHz [43-
45], and the micro-convex transvaginal transducer has 
a negative pressure of 40 to 110 mmHg depending on 
the machine [40,42,43]. While a recommended 
pressure was provided, it is important to check the 
quality of the aspirated oocytes by setting the negative 
pressure of the machine to ensure the good quality of 
the aspirated oocytes. The higher the negative 
pressure and the longer the collection tubing, the lower 
quality of oocytes was observed. This was due to the 
disrupted granulosa and cumulus cells surrounding the 
oocytes. To minimize this, it is necessary that the 
needle and tubing are pre-loaded with the collecting 
medium such as mPBS with 3% BSA, 50 µg/mL 
gentamycin, and 20 µg/mL heparin or any other oocyte 
holding medium suitable for aerial condition. In the 
absence of BSA, 1% Polyvinyl Alcohol (PVA) can be 
used [6,40].  

The combination of superovulation and OPU to 
recover the oocytes before the onset of estrus was 
reported that the procedure can be repeated at best 
every two weeks [14]. Administration of bovine 
somatotropin [19,40] or gonadotrophins [34], or 
pharmacologically to synchronize the follicular waves 
[46] were found to increase the number of medium and 

large-sized follicles prior to OPU in buffaloes, and 
these pre-treatments has no effect on embryo 
production after IVEP.  

Hardening of the surface of the ovaries was found 
as one of the side effects of OPU on the donor animal, 
which can occur after several months of repeated 
ovarian puncture. A decline in follicle recruitment and 
oocyte retrieval was also observed [42]. After OPU, all 
non-pregnant donors return to estrus within two weeks 
from the last OPU and can be inseminated successfully 
or subjected to bull for natural mating. 

The potential impact of the OPU and IVEP 
techniques in the diffusion of ET in the application of 
water buffalo genetic improvement is obvious [33]. 
Reports showed 0.43 to 3.3 oocytes/ovary can be 
retrieved from buffalo ovary [23,25,47,48]. The method 
of oocyte retrieval, the size of the ovary and the 
number of follicles and corpus luteum (CL) present, the 
competence of the person doing the aspiration, the 
breed and health condition of the donor, and the 
season of the year when the collection was made 
affects the number of collected oocytes [35,49,50]. The 
inherently low follicular reserve in buffaloes also 
contributed to the number of culturable grade oocytes, 
making it lower than in cattle [51,52].  

Oocyte Screening and In vitro Maturation 

Oocyte selection is a prerequisite and one important 
component of IVEP. Oocytes collected from abattoir 
ovaries or retrieved from OPU are of the 
heterogeneous population, so the selection of those 
that are viable is necessary. The selection of oocytes 
with developmental competence is based mainly on the 
compaction of the surrounding cumulus and granulosa 
cells and the granulation or homogeneity of the 
ooplasm. The presence and quality of cumulus and 
granulosa cells surrounding the oocytes are essential 
to deliver and facilitate the transport of signals and 
nutrients into the oocytes. Depending on the 
appearance of the surrounding cumulus and granulosa 
cells, IVM of oocytes is done inside a water-jacketed 
incubator for 18 to 24 h [23,53]. Interestingly, oocytes 
surrounded with expanded cumulus cells require a 
longer period of 20 to 22 h of IVM, while those 
surrounded by compact cumulus cells (Figure 1) 
require a longer period of 24 to 26 h IVM for optimum 
blastocyst development [54]. The homogeneity of the 
ooplasm is one important consideration in the selection 
of buffalo oocytes but does not demonstrate a 
significant difference in the developmental competence 
of the oocyte [23].  
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Studies addressing various factors to improve the 
IVM rate of water buffalo oocytes were carried out; 
external parametric indicators to selected 
developmentally competent oocytes [54,55], type of 
culture media [27, 56], supplements in the culture 
medium [57-60], and type of serum [61,62]. The quality 
of oocytes is important in ensuring the production of 
viable embryos in vitro.  

The developmental competence of the oocyte 
dictates its ability to develop to preimplantation stages 
after IVF. A decrease in developmental competence is 
due to insufficient cytoplasmic maturity brought about 
by the limitations in the IVC environment.  

The donor follicle's size and the oocyte's diameter 
are positive indicators of developmental competence in 
oocytes [23]. The size of the donor follicle is linearly 
correlated with oocyte developmental competence, with 
follicles ≥ 6 mm containing highly developmentally 
competent oocytes. Oocytes from less than 2 mm 
follicles are likely at the growing stage and lack 
developmental competence. These oocytes have a 
diameter <100 µm that, when matured in vitro, fails to 
develop to MII. The oocytes with a diameter ≥100 µm 
developed to MII and cleaved after IVF, but those with 
a diameter ≥120 µm have the highest developmental 
competence, evidenced by higher blastocyst 
development [54].  

Brilliant Cresyl Blue (BCB) is used to identify 
oocytes that are at the growing stage [23], a stage 
when the oocyte is accumulating the developmental 
competence to undergo meiosis. BCB studies [23,63] 
showed that oocytes with highly compact cumulus cells 
are still at the growing phase of development, thus, 
requiring a longer period of oocyte maturation [23,54].  

The IVC environment and condition are critical 
factors in producing water buffalo embryos in vitro. It is 
inevitable to provide the needed nutrient support that 
signal and enhances the mechanisms to acquire the 
developmental competence of the oocyte. Culture 
media, its components, pH, and osmolality play an 
important role. There are three types of culture media 
used in buffalo IVEP; the simple, the complex, and the 
chemically-defined media. The simple media are 
bicarbonate-buffered with physiological saline 
containing pyruvate, lactate, and glucose that differ in 
energy sources and ion concentration [64]. The 
complex media is added with vitamins, amino acids, 
and purines and has the basic components of the 
simple media. The chemically defined media are 
entirely free of animal-derived components, including 
serum, have known chemical components, and 
represent the most consistent and purest cell culture 
environment that is suitable for the in vitro cell culture 
[15]. TCM 199, mSOF, RPMI-1640, Ham’s F-10, MEM, 
CR1aa, and CR2aa are used as basic media and are 
supplemented with either follicular fluid [62,66], 
hormones [61,66], serum [64], growth factors 
[59,60,62], antioxidants [58,67], and to control bacterial 
contamination was provided with appropriate level of 
antibiotics [23]. Chemically defined media formulations 
were used with promising results [68]. For maximum 
oocyte IVM, supplementation of TCM 199 with serum, 
Follicle Stimulating Hormone, and cysteamine is 
optimum in producing maturation and subsequent 
embryonic development after in vitro fertilization 
[58,69]. TCM 199 medium supplemented with one of 
the following sera: superovulated buffalo serum, buffalo 
estrus serum, steer serum, or FBS at 5 to 10% 
concentration resulted in the maturation of oocytes, but 
cleavage and blastocyst rates are higher (P<0.05) in 
Superovulated Buffalo Serum [61]. Using the best 

 
Figure 1: Water buffalo oocytes are surrounded by A) compact and B) loosened cumulus cells [33]. 
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culture system as described above has resulted in the 
birth of live calves [2,10-12, 70,71]. 

The environment inside the incubator is important in 
ensuring embryo production. A humidified environment 
at 38.5°C and 5% CO2 with a relative humidity of 95% 
is optimum for efficient IVC using TCM 199-based 
medium [23], but the provision of 5% O2 is needed in 
modified Synthetic Oviductal Fluid (mSOF)-based 
culture [60]. A temperature of 36.5°C could significantly 
decrease the maturation rate of oocytes [72]. The 
increase of oxidative stress was a major factor affecting 
the in vitro embryo development of water buffalo 
oocytes and embryos [57], which occurs when the 
culture condition is not favorable. The significant lipid 
content and abundance of cytoplasmic granules found 
in ultrastructural studies in water buffalo oocytes 
[23,73] probably renders the buffalo oocytes and 
embryos more sensitive to oxidative damage. 

In water buffalo, attempts to culture pre-antral 
follicles were initiated [74,75] to address the limited 
number of oocytes and several potential applications 
for transgenesis. Microdissection was used to isolate 
the preantral follicles from abattoir-derived ovaries, and 
a 1% trypsin digestion of ovarian cortical slices was 
implemented [76]. Small and medium-sized follicles 
were cultured [74] and later studies used medium and 
large-sized (150-500 µ) follicles [76-79]. The growth of 
preantral follicles cultured in groups was better than 
those cultured individually. Supplementation of growth 
factors and hormones in the culture medium enhanced 
growth [74,80]. The co-culture or addition of cumulus 
cells or oviductal mesenchymal cells supported the 
optimum development and survivability [76,77,81].  

Preantral follicles cultured with antral follicles 
support higher survival, growth rate, and antrum 
formation. Nitric oxide at lower concentrations 
positively affected the development of buffalo preantral 
follicles [82,83]. Preantral follicle culture from 5 to 9-
month buffalo fetuses showed follicle growth, and 
although the follicular architecture was preserved in 
nearly 17% of the follicles, antrum formation failed [75]. 
Difficulty in isolation of preantral follicles, fewer num-
bers, poor growth in culture, and poor subsequent dev-
elopment of retrieved oocytes are some of the pro-
blems encountered in preantral follicle culture [75,81]. 

In Vitro Fertilization 

In vitro fertilization or IVF in water, buffalo can be 
done by two methods; 1) Sperm-oocyte co-culture for 

IVF [2] and 2) intracytoplasmic sperm injection (ICSI) 
[84]. In sperm-oocyte co-culture for IVF, sperm cells 
must undergo capacitation to gain the ability to 
penetrate and fertilize an egg. This capacitation event 
involves unmasking the receptors on the sperm itself, 
so it becomes capable of reacting to the genital tract of 
the female [85]. During capacitation, the glycoprotein 
coat of the sperm cells is removed to uncover the 
receptors needed to recognize the chemicals in the 
female reproductive tract that, in turn, initiate 
hyperactivation as well as morphological changes 
involved in acrosome reaction [86]. In ICSI, a 
micromanipulation system is used to inject the sperm 
head of a single spermatozoon into the cytoplasm of a 
mature oocyte. This technique bypassed the acrosome 
but required activation to effect fertilization. The ICSI 
technique is best used when using cryopreserved 
sperm cells with low-post thaw motilities and sex-sorted 
sperm cells. Using ICSI, improvement in the pronuclear 
formation and cleavage rate was observed [84], with a 
blastocyst development rate of 17.0 to 29.0% [85].  

During IVF, the medium employed must be capable 
of providing the secondary oocyte and the capacitated 
sperm with the conditions that permit sperm 
penetration. The use of 2X detoxified uterine fluid in 
Riggers Whitten Whittingham medium at pH 7.4, and 
37ºC incubation temperature induces sperm 
capacitation [88]. Different media were described that 
could enhance in vitro sperm capacitation like Fert-
TALP [27,89], but Brackett and Oliphant medium [89] 
was found better [91,92]. The addition of sperm motility 
enhancers such as theophylline [23] or 2.5 mM caffeine 
and 10 µg/mL heparin [2,7,47,93,94] or a mixture of 
phenylephrine, hypotaurine, and epinephrine [59] were 
found efficient in enhancing IVF in water buffalo. 

The presence of dead sperm cells in the IVF 
environment is detrimental and can decrease the 
success rate of IVF. Using frozen-thawed semen for 
IVF is best when separation of the dead sperm cells 
from the live population is employed. To separate the 
live sperm cells, swim-up procedures can be used [89], 
but ion-exchange filtration was found better [95]. 
Additionally, the use of discontinuous density gradients 
of percoll [59] or silica particles [5] can also be used 
using the centrifugation technique.  

Sperm concentration is an important factor in the 
success of IVF. Polyspermy was observed when sperm 
concentration was high, while low sperm concentration 
could result in a low fertilization rate. Optimum sperm 
concentration for IVF in buffaloes is carried out at 1 to 
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2x106 sperm cells/mL [33]. Usually, sperm 
concentration is determined and adjusted to 2 to 4x106 
sperm cells/mL sperm dilution solution. Then the IVF 
droplets are diluted 1:1 v/v with sperm dilution solution 
to form an IVF medium with a final sperm concentration 
of 1 to 2x106 sperm cells/mL, 5 mM caffeine, 2 unit 
heparin/mL, and 5 mg BSA/mL. In carrying out the IVF, 
cumulus cells surrounding the in vitro matured oocytes 
are partly removed by a pipette to enhance sperm 
penetration and ensure a higher fertilization rate.  

To ensure good quality sperm cells for IVF, several 
tests can be employed to assess sperm quality 
parameters. The computer-assisted sperm analysis 
can be used to assess sperm motility, the eosin-
nigrosine staining technique to assess the livability of 
the sperm cells, the chlortetracycline (CTC) 
fluorescence assay, and Pisum sativum agglutinin 
(FITCPSA) [92,96] or trypan blue/Giemsa [97] staining 
techniques to check capacitation and acrosome 
reaction, and the hypo-osmotic swelling tests to check 
the functional integrity of the plasma membrane which 
is also associated with sperm fertility [98]. 

The duration of sperm-oocyte co-culture for in vitro 
fertilization is carried out for 6 to 18 hours, depending 
on the IVF medium used and its composition. It is 
important to examine the appropriate duration of 
sperm-oocyte co-culture as differences exist depending 
on the IVF medium formulation, sperm concentration, 
and bull used [99].  

In ICSI, chemical activation of oocytes is considered 
a key factor in water buffalo as, without chemical 
activations, none of the oocytes could be fertilized [84]. 
Ethanol (EtOH) in combination with cycloheximide 
(CHX) (EtOH + CHX) was found efficient as an 
activation medium with 62% second polar body 
extrusion. Activation protocol of Ionophore + 6-
dimethylaminopurine (6-DMAP) and EtOH + CHX also 
resulted in blastocyst formation rates. Buffalo ICSI 
oocytes are effectively activated by combination 
treatment of Ionophore with 6-DMAP and EtOH with 
CHX, resulting in the highest cleavage and blastocyst 
formation rates [84,87]. Additional activation treatment 
is necessary for water buffalo oocytes subjected to 
ICSI for meiosis completion, pronuclear formation, and 
embryo development. 

Aside from the use of sex-sorted sperm cells, one 
application of ICSI is the fertilization of cryopreserved-
thawed oocytes. Cryoprotectants used for 
cryopreservation induced zona hardening and reduced 

fertilization rate in sperm-oocyte co-culture for IVF 
[100]. Using ICSI, this zona hardening is overcome in 
humans [101] and bovines [102].  

Sperm sexing provides the opportunity to produce 
offspring of pre-determined sex. This was made 
possible by the creation and development of a flow 
cytometer. Proof of sorting efficacy has been 
demonstrated in many species, and numerous 
applications in a variety of species are anticipated, 
including endangered species and zoo and aquarium 
animals [103]. In water buffalo, successful results on 
sperm sexing were also achieved [11,104]. 

In most species, the accuracy of sperm sexing is 
around 90% making this technology rather expensive 
due to the sexing efficiency. So far, there were only 
about 20 million sperm cells sorted in an hour which is 
the sperm concentration required for 1 dose for artificial 
insemination (AI) in most livestock species, including 
the water buffalo. Furthermore, the process of sorting 
affects the fertility of sexed sperm, making it lower than 
the fertility of unsexed controls [105]. Two advances 
are made to improve the efficiency of sperm sorting: 
increasing the number of sperm sexed accurately per 
unit time and optimizing the pressure in the flow 
cytometer to make the process less damaging to the 
sperm cells [106].  

While still expensive and invasive, sperm sexing 
offers an obvious benefit in animal breeding programs. 
Choosing a male or female calf in AI or IVF by using X- 
or Y- sorted sperm is an advantage. While studies and 
applications in water buffalo are limited, its 
commercialization in the United States showed a 
significant positive impact on the dairy and beef cattle 
industry by nearly doubling its productivity [103]. In 
water buffaloes, sperm sorting and the use of sex-
sorted sperm cells in AI have resulted in the birth of sex 
pre-determined calves [104]. The same authors 
reported a 3.8% difference in DNA contents between 
buffalo X- and Y-chromosome-bearing spermatozoa. 
The number of sorted spermatozoa per hour has 
currently attained larger figures than those reported a 
decade ago (50–100 million compared to 350,000). 
This development implies that fewer sperm doses can 
be used for AI, reducing conventional breeding 
applications. The sperm sorting technology, however, 
is very promising and provides opportunities for 
producing sex-predetermined offspring and for sex 
selection of IVEP-embryos [105,107], surpassing the 
need for sex diagnosis of the embryos [107,108].  
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In buffaloes, Lu et al. [104] found that deposition of 
sexed semen in the body of the uterus resulted in 
higher pregnancy rates (45.5%) than when the 
deposition was done in the uterine horn (32.3%). The 
same authors found that conception rates did not differ 
between cow and heifer buffaloes, but a difference 
between bulls was observed [104]. The use of sexed 
semen for AI was done after an estrus synchronization 
protocol [109-112].  

In Vitro Culture for Embryo Development 

Like any other livestock species, the in vitro culture 
(IVC) of water buffalo embryos requires the appropriate 
medium and environment to undergo cleavage and be 
able to reach the preimplantation stage of 
development. In this respect, several culture media 
have been tested, and all resulted in the development 
of blastocysts with varying degrees of success: 
TCM199 [2-4], CR1aa, CR2aa, MEM, RPMI-1640, and 
mSOF media [15,93,113]. The efficiency and 
effectiveness of each medium formulation depend 
mainly on supplementing the appropriate combination 
of antioxidants, co-culture, growth factors, and gas 
phase. The methods used in bovine for IVC of embryos 
by co-culture with cumulus cells [114] and the 
sequential media system containing pyruvate and 
lactate and different concentrations of serum and 
presence of glucose [115] were adopted in water 
buffaloes. These resulted in full-term development and 
the birth of live-healthy calves after ET [2-4]. 

The success of IVF is usually assessed by the 
cleavage rate on the second day of IVC [23,62]. At this 
time, unfertilized oocytes are removed, and the cleaved 
oocytes are further cultured to reach blastocyst 
development. While monitoring of embryo development 
can be done daily, or the culture medium renewed 
every 2 days depending on the culture system, keeping 
the culture dish inside the incubator left undisturbed 
until the 6th or 7th day of IVC is beneficial [15,23]. This 
promotes the development of better-quality embryos 
with blastomeres exhibiting equal sizes and 
consistency. Synchronous cell division is generally 
maintained to the 16-cell stage if cell block signals are 
avoided. Cell division becomes asynchronous with a 
conducive culture environment, and the individual cells 
possess their own cell cycle. The cells inside an 
embryo are termed blastomeres and are easily 
identified as spherical cells at the 16-cell stage. After 
the 32-cell stage, which is the morula stage, embryos 
undergo compaction. This results in individual cells in 
the embryo becoming difficult to discern. During 

compaction, the most obvious morphological 
manifestation is the loss of a concise cellular outline. 
After compaction, the blastocyst formation 
characterized by dynamic cell differentiation begins 
with two distinct cell types; the inner cell mass and the 
trophectoderm cells. These two cell types formed and 
differ in their morphology, biochemistry, developmental 
potential, and eventual expression. At this stage, the 
embryos are in the preimplantation stage and can be 
used for ET or for cryopreservation for future transfer 
activities. 

Somatic Cell Nuclear Transfer 

Somatic cell nuclear transfer (SCNT) is 
biotechnology that provides the opportunity to produce 
embryos from animals that are desired to conserve and 
propagate, especially those at extinction. It is a form of 
cloning and enables the production of offspring of pre-
determined sex. It involves the use of a somatic cell 
nucleus from the animal desired to be conserved and a 
recipient cytoplast from either the same species 
(intraspecific) or from a relative or distant species 
(interspecific). Interspecific and intraspecific SCNT has 
been tried in water buffalo resulting in the development 
of preimplantation stage embryos and even birth of live 
calves of a limited number [8,12,20]. This provides an 
alternative tool for the preservation of endangered 
species like the tamaraw (Bubalus mindorensis) of the 
Philippines. Attempts of interspecies somatic cell 
nuclear transfer (iSCNT) in water buffalo used buffalo 
as a donor of somatic cells and cattle oocytes as 
recipient cytoplasts [116]. This successfully produced 
blastocysts stage embryos, but none developed to full-
term [116,117]. The iSCNT trials of river buffalo donor 
cells transferred to enucleated swamp buffalo oocytes 
using a micromanipulation system resulted in the birth 
of a live river-swamp buffalo calf [70]. By hand-made 
cloning (a nuclear transfer method without using a 
micromanipulation system), a 38 to 50% blastocyst 
stage development rate was obtained from a wild 
buffalo (Bubalus arnee) skin fibroblast as donor cell 
and using oocytes from river buffalo (Bubalus bubalis) 
as a recipient cytoplast of [118,119]. Buffalo oocytes 
were found to be able to reprogram the cattle and goat 
somatic cells, which resulted in the development of 
preimplantation stage embryos [120]. However, the 
success of SCNT is still far from commercial 
application in water buffalo. The mitochondrial 
genomes and nuclear incompatibility, the failure of 
embryonic genome activation by the recipient oocyte of 
the donor nucleus, mtDNA heteroplasmy, and the 
availability and readiness of recipient animals need to 
be solved.  
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Grading of In Vitro Produced Embryos  

Water buffalo embryos morphologically look like 
bovine embryos. The overall diameter is 150–180 µ, 
including a zona pellucida thickness of 12–15 µ [121]. 
While preimplantation stage embryos can be observed 
on a culture dish, not all of them can be cryopreserved 
or transferred. Embryos are classified and graded to 
determine which are suitable for cryopreservation 
(Rank A embryos) and which are suited for immediate 
embryo transfer (B embryos). Embryos graded as Rank 
A are excellent embryos with no visible imperfections 
and with consistent cellular mass. Rank B embryos are 
those with few recognizable imperfections, such as 
poor consistency and few extruded cells, with variation 
in the size of the blastomeres. Embryos that show 
more disruption, such as irregular shape and with a 
small embryonic mass, many extruded cells with signs 
of cellular degeneration and disintegrated cytoplasm, or 
their development is delayed by one or two days; are 
discarded and not used for ET or cryopreservation. 

Quality evaluation of embryos is predicted on 
several morphological features, which can be seen 
easily in a stereo microscope. An embryo that looks 
spherical and with blastomeres surrounded by a 
translucent gelatin-like shell called the zona pellucida 
could be a good marker for embryo classification. The 
important criteria in evaluating the standard quality and 
classification of embryos are (1) shape of the embryo 
and the blastomeres, (2) presence of a zona pellucida, 
(3) size, (4) color, (5) consistency of the blastomeres, 
(6) stage of development of the embryo, and (7) 
knowledge of the age of the embryo. Asiatic buffalo 
embryos are one-day ahead in their development 
compared to cattle [1]. Therefore it is suggested to 
harvest the embryos on Day 6 post insemination.  

Considerations for a Successful In Vitro Embryo 
Production 

The potential impact of the OPU and IVEP 
techniques combined with the cryopreservation of 
embryos on the diffusion of ET in water buffalo is highly 
recognized. This has been emphasized since the 
successful attempt was reported [122]. The success of 
the IVEP in water buffalo is affected by several factors: 
1) The source of oocytes where the donors' age, body, 
and health condition are important. 2) Quality of the 
oocytes where the presence of the surrounding 
cumulus cells and the color and granulation of ooplasm 
need to be checked. 3) The component, pH, and 
osmolarity of the IVC medium, and 4) the IVC 

environment that includes the temperature, humidity, 
and gas concentration [15,23,113]. These factors could 
significantly affect the post-fertilization embryo 
development resulting in either good quality 
preimplantation stage embryos or embryos blocked at 
the cleavage stage. Juvenile donors have a high 
percentage of oocytes that lack developmental 
competence, while adult donors have oocytes with a 
high incidence of chromosome abnormalities. Animals 
that are sick or too fat or too thin will most likely provide 
oocytes with poor quality. Changes in temperature, pH, 
osmolarity, and contaminant factors that may affect 
viability must be guarded carefully. Oocytes, especially 
embryos, do not tolerate temperatures above body 
temperature (39°C) very well.  

The holding, washing, and culture media for oocytes 
and embryos require a physiological pH ranging from 
7.1 to 7.4. The Phosphate buffered saline 
supplemented with serum or Bovine Serum Albumin is 
commonly used as the change in pH is negligible under 
atmospheric conditions. Bicarbonate (NaHCO3) 
buffered media like TCM 199, Ham's F-10, MEM, and 
RPMI can be used, but the speed of operation is 
needed as under atmospheric conditions, the high CO2 

would result in large shifts in pH (rising pH) at an 
extended time that highly compromise the quality of the 
oocytes and embryos [23]. 

The osmolarity or the concentration of salt in the 
medium also affects the viability of the oocytes and 
embryos. The osmolarity of the media below that of the 
in vivo environment would make the oocytes and 
embryos absorb water resulting in swelling to reach 
osmotic equilibrium. This could result in the rupture of 
the cell membrane, which highly compromises the 
developmental competence of the oocytes and 
embryos. Conversely, if the salt concentration is high, 
the oocytes and embryo will shrink due to dehydration, 
causing a reduction in metabolic activity. The 
osmolarity of PBS prepared from a powdered mixture 
should be checked to correct the volume of water that 
will be added. The osmolarity of the solution used for 
oocytes and embryos should follow the normal 
osmolarity of uterine fluid, which is 270-300 mOsm 
[121]. 

The exposure of embryos to ultraviolet rays should 
be avoided as this can cause cellular abnormality and 
death. An aseptic environment favorable for handling 
oocytes, sperm cells, and embryos must be maintained 
in the embryology room to ensure the viability of 
gametes and embryos. The use of insecticide sprays 



In Vitro Embryo Production in Water Buffalo Journal of Buffalo Science, 2022, Vol. 11     81 

inside the embryology room is detrimental and may 
cause chemical contamination. The ethylene oxide gas 
sterilization of supplies and materials requires sufficient 
aeration time since the residue is detrimental to the 
oocytes and embryos. 

CONCLUSIONS 

In vitro embryo production in water buffalo has been 
proven as working reproductive biotechnology that 
could be used as a tool to facilitate the water buffalo's 
genetic improvement, conservation of endangered 
species, and advancement of research in the 
developmental biology of buffalo. The success rate, 
however, remains a challenge that limits its commercial 
application in the water buffalo genetic improvement 
program. The inherently low follicular reserve of the 
water buffalo is a huge limiting factor in carrying out the 
ovum pick-up. However, the availability of ovaries from 
the slaughter of retired genetically superior females can 
be used as a source of female gametes in the Indian 
and European continents. Further studies are needed 
to increase the number of quality oocytes and improve 
the resultant embryo's developmental competence and 
viability. 

FUNDING 

Publication of this article is funded by the 
Philippine’s National Academy of Science and 
Technology – Scientific Career System. 

ACKNOWLEDGEMENT 

This article is written as a tribute to a great man who 
made this journal of the best quality. Special thanks to 
the Department of Agriculture-Philippine Carabao 
Center for the projects support. 

REFERENCES 

[1] Ocampo MB, Ocampo LC, Lorenzo ND, De Vera RV, Cruz 
LC. Pregnancies resulting from swamp buffalo oocytes 
matured and fertilized in vitro. In: Proceedings of the 2nd 
Asian Buffalo Congress, 1996: pp. 210-214. 

[2] Hufana-Duran D, Pedro PB, Venturina HV, Hufana RD, 
Salazar AL, Duran PG, Cruz LC. Post-warming hatching and 
birth of live calves following the transfer of in vitro-derived 
vitrified water buffalo (Bubalus bubalis) embryos. 
Theriogenology 2004; 61: 1429-1439. 
https://doi.org/10.1016/j.theriogenology.2003.08.011 

[3] Hufana-Duran D, Pedro PB, Salazar AL, Venturina HV, 
Duran PG, Cruz LC. River buffalo calves (2n=50) delivered to 
term by swamp buffalo recipients (2n=48) out of in vitro-
derived vitrified embryos. Livestock Sci 2007; 107: 213-219. 
https://doi.org/10.1016/j.livsci.2006.09.022 

[4] Hufana-Duran D, Pedro PB, Salazar AL, Venturina HV, 
Duran PG, Takahashi Y, Kanai Y, Cruz LC. Twin calf 

production in water buffaloes following non-surgical transfer 
of in vitro-produced-vitrified embryos. Phil J Sci 2008; 137: 
99-104. 

[5] Hufana-Duran D, Duran PG, Kanai Y, Takahashi Y, Cruz LC. 
Effect of density gradient sperm separation technique on in 
vitro fertilization potential of frozen semen from bulls with low 
sperm motility. Phil Agri Scientist 2005; 88: 257-267. 

[6] Aquino FP, Atabay EP, Atabay EC, Ocampo MB, Duran PG, 
Pedro PB, Hufana-Duran D, De Vera RV, Cruz LC. In vitro 
embryo production and transfer of bubaline embryos using 
oocytes derived from transvaginal ultrasound-guided 
follicular aspiration (TUFA). Buffalo Bulletin 2013; 32: 545-
548. 

[7] Madan ML, Chauhan MS, Singla SK, Manik RS. Pregnancies 
established from water buffalo (Bubalus bubalis) blastocysts 
derived from in vitro matured, in vitro fertilized oocytes and 
co-cultured with cumulus and oviductal cells. Theriogenology 
1994; 42: 591-600. 
https://doi.org/10.1016/0093-691X(94)90376-T 

[8] Saha A, Panda SK, Chauhan MS, Manik RS, Palta P, Singla 
SK. Birth of cloned calves from vitrified-warmed zona-free 
buffalo (Bubalus bubalis) embryos produced by hand-made 
cloning. Reprod Fertil Dev 2013; 25: 860-865. 
https://doi.org/10.1071/RD12061 

[9] Prasad S, Singh B, Singhal S, Khan FA, Prasad JK, Gupta 
HP. Production of the first viable ovum pick-up and in vitro 
embryo produced (OPU-IVEP) buffalo calf in India. Asian 
Pacific J Reprod 2013; 2: 163-165. 
https://doi.org/10.1016/S2305-0500(13)60139-6 

[10] Lu YQ, Liang XW, Zhang M, Wang WL, Kitiyanant Y, Lu SS, 
Meng B, Lu KH. Birth of twins after in vitro fertilization with 
flow-cytometric sorted buffalo (Bubalus bubalis) sperm. Anim 
Reprod Sci 2007; 100: 192-196. 
https://doi.org/10.1016/j.anireprosci.2006.09.019 

[11] Liang XW, Lu YQ, Chen MT, Zhang XF, Lu SS, Zhang M. 
Pang CY, Huang FX, Lu KH. In vitro embryo production in 
buffalo (Bubalus bubalis) using sexed sperm and oocytes 
from ovum pick up. Theriogenology 2008; 69: 822-826. 
https://doi.org/10.1016/j.theriogenology.2007.11.021 

[12] Shi D, Lu F, Wei Y, Cui K, Yang S, Wei J, Liu Q. Buffaloes 
(Bubalus bubalis) cloned by nuclear transfer of somatic cells. 
Biol Reprod 2007; 77: 285-291. 
https://doi.org/10.1095/biolreprod.107.060210 

[13] Zhang M, Chen HH, Tang JW, Liang XW, Chen MT, Qin GS, 
Fu Q, Zhang XF, Zheng HY, Lu KH. Birth of first buffalo 
(Bubalus bubalis) calf following embryo splitting and 
polymerase chain reaction sexing at blastocysts stage. 
Reprod Fertil Dev 2011; 24: 164-165. 
https://doi.org/10.1071/RDv24n1Ab104 

[14] Galli C, Crotti G, Notari C, Turini P, Duchi R, Lazzari G. 
Embryo production by ovum pick-up from live donors. 
Theriogenology 2001; 55: 1341-1357. 
https://doi.org/10.1016/S0093-691X(01)00486-1 

[15] Gasparrini B. In vitro embryo production in buffalo species: 
state of the art. Theriogenology 2002; 57: 237-256. 
https://doi.org/10.1016/S0093-691X(01)00669-0 

[16] Neglia G, Gasparrini B, Di Brienza VC, Di Palo R, Zicarelli L. 
First pregnancies carried to term after transfer of vitrified 
buffalo embryos entirely produced in vitro. Vet Res Commun 
2004; 28: 233-6.  
https://doi.org/10.1023/B:VERC.0000045414.65331.6a 

[17] Boni R, Di Palo R, Zicarelli L. Ovum pick-up in deep anestrus 
buffaloes. In: Proceedings of the 4th World Buffalo Congress, 
1994: Sao Paulo, Brazil. Vol. III, pp. 480-482. 

[18] Boni R, Roviello S, Zicarelli L. Repeated ovum pick up in 
Italian Mediterranean buffalo cows. Theriogenology 1996: 
46(5): 899-909. 
https://doi.org/10.1016/S0093-691X(96)00248-8 

 



82     Journal of Buffalo Science, 2022, Vol. 11 Hufana-Duran and Duran 

[19] Sa Filho MF, Carvalho NA, Gimenes LU, Torres-Junior JR, 
Nasser LFT, Tonhati H, Garcia JM, Gasparrini B, Zicarelli L, 
Baruselli PS. Effect of recombinant bovine somatotropin 
(bST) on follicular population and on in vivo buffalo embryo 
production. Anim Reprod Sci 2009; 113: 51-59.  
https://doi.org/10.1016/j.anireprosci.2008.06.008 

[20] Tasripoo K, Suthikrai W, Sophon S, Jintana R, Nualchuen W, 
Usawang S, Bintvihok A, Techakumphu M, Srisakwattana K. 
First cloned swamp buffalo produced from adult ear fibroblast 
cell. Animal 2014; 8: 1139-1145. 
https://doi.org/10.1017/S1751731114001050 

[21] Atabay EP, Atabay EC, de Vera RV, Aquino FA, Hufana-
Duran D, Cruz LC. Effects of holding water buffalo and 
bovine ovaries at various temperatures during transport and 
storage on in vitro embryo production. Philipp J Vet Anim Sci 
2010; 33: 81-93. 

[22] Abdoon ASS, Kandil OM. Factors affecting a number of 
surface ovarian follicles and oocytes yield and quality in 
Egyptian buffaloes. Reproduction, Nutrition, Development 
2001; 41: 71-77.  
https://doi.org/10.1051/rnd:2001113 

[23] Hufana-Duran D. Studies for the improvement of in vitro 
culture systems of oocytes and embryos in water buffaloes. 
Ph.D. Dissertation, University of Tsukuba, Ibaraki, Japan, 
November 2008. 171 pp. http://www.tulips.tsukuba.ac.jp/ 
limedio/dlam/B28/B2871346/1.pdf 

[24] Kumar A, Solanki VS, Jindal SK, Jindal SK, Tripathi VN, Jain 
GC. Oocyte retrieval and histological studies of follicular 
population in buffalo ovaries. Anim Reprod Sci 1997; 47: 
189-195. 
https://doi.org/10.1016/S0378-4320(96)01588-6 

[25] Das SK, Jain GC, Solanki VS, Tripathi VN. Efficacy of 
various collection methods for oocyte retrieval in buffalo. 
Theriogenology 1996; 46: 1403-1411. 
https://doi.org/10.1016/S0093-691X(96)00319-6 

[26] Datta TK, Goswami SL. Feasibility of harvesting oocytes from 
buffalo (Bubalus bubalis) ovaries by different methods. 
Buffalo J 1998; 2: 277-284. 

[27] Hegab AO, Montasser AE, Hammam AM, Abu El-Naga EMA, 
Zaabel SM. Improving in vitro maturation and cleavage rates 
of buffalo oocytes. Anim Reprod 2009; 6: 416-421. 

[28] Gasparrini B, Sayoud H, Neglia G, de Matos DG, Bonnay I, 
Zicarelli L. Glutathione synthesis during in vitro maturation of 
buffalo (Bubalus bubalis) Oocytes: effects of cysteamine on 
embryo development. Theriogenology 2003; 60: 943-952. 
https://doi.org/10.1016/S0093-691X(03)00098-0 

[29] Bavister BD, Boatman DE, Leifried L, Loose M, Vernon MW. 
Fertilization and cleavage of rhesus monkey oocytes in vitro. 
Biol Reprod 1983; 28: 983-999. 
https://doi.org/10.1095/biolreprod28.4.983 

[30] Atabay EP, Atabay EC, Hufana-Duran D, de Vera RV, 
Mamuad FV, Cruz LC. Comparison of in vitro fertilization and 
nuclear transfer techniques in the production of buffalo pre-
implantation embryos. Italian J Anim Sci 2007; 6: 246-252.  
https://doi.org/10.4081/ijas.2007.s2.246 

[31] Duran PG, Hufana-Duran D, del Rosario JV, de Vera R, Cruz 
LC. Follicular dynamics during ovum pick-up at different 
intervals in water buffalo. In: Proceedings of the 10th Annual 
Conference of the Asian Reproductive Biotechnology 
Society; 2013: Phan Thiet, Vietnam. August 19-25, 2013. 

[32] Carter JA, Bellow S, Meintjes M, Perez O, Ferguson E, Gdke 
RA. Transvaginal ultrasound guided oocyte aspiration for 
production of embryos in vitro. Arch Tierz Dummerstorf 2002; 
45: 99-108. 
https://doi.org/10.5194/aab-45-99-2002 

[33] Hufana-Duran D, Duran PG. Advance Reproductive 
Technologies in Water Buffalo. In: Bubaline Theriogenology, 
Purohit G.N. (Ed.). International Veterinary Information 
Service, Ithaca NY (www.ivis.org), Last updated: 30-Sep-
2015; A5731.0915 

[34] Promdireg A, Adulyanubap W, Singlor J, Na-Chiengmai A, 
Techakumphu M. Ovum pick-up in cycling and lactating 
postpartum swamp buffaloes (Bubalus bubalis). Reprod 
Domest Anim 2005; 40: 145-149. 
https://doi.org/10.1111/j.1439-0531.2005.00570.x 

[35] Manjunatha BM, Ravindra JP, Gupta PS, Devaraj M, Nandi 
S. Effect of breeding season on in vivo oocyte recovery and 
embryo production in non-descriptive Indian river buffaloes 
(Bubalus bubalis). Anim Reprod Sci 2009; 111: 376-383. 
https://doi.org/10.1016/j.anireprosci.2008.03.003 

[36] Di Francesco S, Novoa MV, Vecchio D, Neglia G, Boccia L, 
Campanile G, Zicarelli L, Gasparrini B. Ovum pick-up and in 
vitro embryo production (OPU-IVEP) in Mediterranean Italian 
buffalo performed in different seasons. Theriogenology 2012; 
77: 148-154. 
https://doi.org/10.1016/j.theriogenology.2011.07.028 

[37] Abdoon ASS, Gabler C, Holder C, Kandil OM, Einspanier R. 
Seasonal variations in developmental competence and 
relative abundance of gene transcripts in buffalo (Bubalus 
bubalis) oocytes. Theriogenology 2014; 82(8): 1055-1067. 
https://doi.org/10.1016/j.theriogenology.2014.07.008 

[38] Yindee M, Techakumphu M, Lohachit C, Sirivaidyapong S, 
Na-Chiangmai A, Roelen BAJ, Colenbrander B. Maturation 
competence of swamp buffalo oocytes obtained by ovum 
pick-up and from slaughter house ovaries. Reprod Domest 
Anim 2011; 46: 824-831. 
https://doi.org/10.1111/j.1439-0531.2011.01750.x 

[39] Gupta V, Manik RS, Chauhan MS, Singla SK, Akshey YS, 
Palta P. Repeated ultrasound-guided transvaginal oocyte 
retrieval from cyclic Murrah buffaloes (Bubalus bubalis): 
oocyte recovery and quality. Anim Reprod Sci 2006; 91: 89-
96. 
https://doi.org/10.1016/j.anireprosci.2005.01.023 

[40] Ferraz ML, Filho MF, Batista EQ, Watanabe WF, Watanabe 
MR, Dyana A, Joaquim DC, Accorsi MR, Gimenes LU, Vieira 
LM. Paradoxical effects of bovine somatotropin treatment on 
the ovarian follicular population and in vitro embryo 
production of lactating buffalo donors submitted to ovum 
pick-up. Anim Reprod Sci 2015; 154: 1-7. 
https://doi.org/10.1016/j.anireprosci.2014.12.017 

[41] Konrada J, Clérico G, Garrido MJ, Taminelli G, Yuponi M, 
Yuponi R, Crudeli G, Sansinena M. Ovum pick-up interval in 
buffalo (Bubalus bubalis) managed under wetland conditions 
in Argentina: Effect on follicular population, oocyte recovery, 
and in vitro embryo development. Anim Reprod Sci 2017; 
183: 39-45. 
https://doi.org/10.1016/j.anireprosci.2017.06.004 

[42] Neglia G, Gasparrini B, Vecchio D, Boccia L, Varricchio E, Di 
Palo R, Zicarelli L, Campanile G. Long term effect of ovum 
pick-up in buffalo species. Anim Reprod Sci 2011; 123: 180-
186. 
https://doi.org/10.1016/j.anireprosci.2011.01.011 

[43] Manjunatha BM, Ravindra JP, Gupta PSP, Devaraj M, Nandi 
S. Oocyte recovery by ovum pick-up and embryo production 
in river buffaloes (Bubalus bubalis). Reprod Domest Anim 
2008; 43: 477-480. 
https://doi.org/10.1111/j.1439-0531.2007.00939.x 

[44] Neglia G, Gasparrini B, Caracciolo di Brienza V, Di Palo R, 
Campanile G, Presicce GA, Zicarelli L. Bovine and buffalo in 
vitro embryo production using oocytes derived from abattoir 
ovaries or collected by transvaginal follicle aspiration. 
Theriogenology, 2003; 59(5-6): 1123-1130. 
https://doi.org/10.1016/S0093-691X(02)01170-6 

[45] Sakaguchi K, Maylem ERS, Tilwani RC, Yanagawa Y, 
Katagiri S, Atabay EC, Atabay EP, Nagano M. Effects of 
follicle-stimulating hormone followed by gonadotropin-
releasing hormone on embryo production by ovum pick-up 
and in vitro fertilization in the river buffalo (Bubalus bubalis). 
Anim Sci J 2019; 90: 690-695. 
https://doi.org/10.1111/asj.13196 



In Vitro Embryo Production in Water Buffalo Journal of Buffalo Science, 2022, Vol. 11     83 

[46] Gimenes LU, Ferraz ML, Fantinato-Neto I, Chiaratti MR, 
Mesquita LG, Sa Filho MF, Meirelles FV, Trinca LA, Renno 
FP, Watanabe YF, Baruselli PS. The interval between the 
emergence of pharmacologically synchronized ovarian 
follicular waves and ovum pick-up does not significantly 
affect in vitro embryo production in Bos indicus, Bos taurus, 
and Bubalus bubalis. Theriogenology 2015; 83: 385-393. 
https://doi.org/10.1016/j.theriogenology.2014.09.030 

[47] Totey SM, Singh G, Taneja M, Pawshe CH, Talwar GP. In 
vitro maturation, fertilization, and development of follicular 
oocytes from buffalo (Bubalus bubalis). J Reprod Fertil 1992; 
95: 597-607. 
https://doi.org/10.1530/jrf.0.0950597 

[48] Sharma D, Taneja VK. Number and quality of buffalo oocytes 
recovered relative to method of harvest, stage of estrous 
cycle and corpus luteum. Indian J Anim Sci 2000; 70: 684-
687. 

[49] Ahmed WM, Abdoon ASS, Shalaby SIA, Kandil OM. Effect of 
reproductive status and body condition score on ovarian 
follicles and oocytes quality in buffalo cows. Buffalo J 1999; 
3: 333-343. 

[50] Purohit GN, Duggal GP, Dadarwal D, Kumar D, Yadav RC, 
Vyas S. Reproductive biotechnologies for improvement of 
buffalo: The Current Status. Asian-Aust J Anim Sci 2003; 16: 
1071-1086. 
https://doi.org/10.5713/ajas.2003.1071 

[51] Samad HA, Naserri AA. Quantitative study of primordial 
follicles in buffalo heifer ovaries. In: Compendium of the 13th 
FAO/SIDA International Course of Animal Reproduction 
Uppsala, Sweden, 1979. 

[52] Smith OP. Follicular dynamics in the Philippine water buffalo 
(Bubalus bubalis). Thesis. Central Luzon State University, 
Nueva Ecija, Philippines 1990; 227 pp. 

[53] Santos S, Do SD, Dantas JK, Miranda M, Dos S, Biondi FC, 
Ohashi OM. Cinética da maturação nuclear in vitro de 
oócitos bubalinos. Braz J Vet Res Anim Sci 2002; 39(5): 266-
270. 
https://doi.org/10.1590/S1413-95962002000500009 

[54] Hufana-Duran D, Atabay EP, Duran PG, Atabay EC, 
Takahashi Y, Kanai Y, Cruz L. Selection of water buffalo 
oocytes with developmental competence in vitro. Philipp J 
Vet Anim Sci 2008; 34: 149-158. 

[55] Chauhan MS, Sigla SK, Palta P, Manik RS, Madan ML. In vit-
ro maturation and fertilization, and subsequent development 
of buffalo (Bubalis bubalis) embryos: effect of oocyte quality 
and type of serum. Reprod Fertil Dev 1998; 110: 173-177. 
https://doi.org/10.1071/R97080 

[56] Boni R, Rovelli S, Gasparrini B, Langella M, Zicarelli L. In 
vitro production of buffalo embryos in chemically defined 
medium. Buffalo J 1999; 15: 115-120. 

[57] Gasparrini B, Neglia G, Di Palo R, Campanile G, Zicarelli L. 
Effect of cysteamine during in vitro maturation on buffalo 
embryo development. Theriogenology 2000; 54: 1537-1542. 
https://doi.org/10.1016/S0093-691X(00)00473-8 

[58] Gasparrini B, Boccia L, Marchandise J, Palo RD, George F, 
Donnay I, Zicarelli L. Enrichment of in vitro maturation 
medium for buffalo (Bubalus bubalis) oocytes with thiol 
compounds: Effects of cysteine on glutathione synthesis and 
embryo development. Theriogenology 2006; 65: 275-287. 
https://doi.org/10.1016/j.theriogenology.2005.05.036 

[59] Purohit GN, Brady MS, Sharma SS. Influence of epidermal 
growth factor and insulin-like growth factor-1 on nuclear 
maturation and fertilization of buffalo cumulus oocyte 
complexes in serum free media and their subsequent 
development in vitro. Anim Reprod Sci 2005; 87: 229-239. 
https://doi.org/10.1016/j.anireprosci.2004.09.009 

[60] Atabay EP, Atabay EC, Hufana-Duran D, De Vera RV, Cruz 
LC. Enhanced developmental competence of buffalo oocytes 
in the presence of hormones and epidermal growth factor 

during in vitro maturation. Philipp J Vet Anim Sci 2006; 32: 
155-166. 

[61] Chauhan MS, Sigla SK, Palta P, Manik RS, Madan ML. In vit-
ro maturation and fertilization, and subsequent development 
of buffalo (Bubalis bubalis) embryos: effect of oocyte quality 
and type of serum. Reprod Fertil Dev 1998a; 110: 173-177. 
https://doi.org/10.1071/R97080 

[62] Chauhan MS, Palta P, Das SK, Katiyar PK, Madan ML. 
Replacement of serum and hormone additives with follicular 
fluid in the IVM medium: effect on maturation, fertilization and 
subsequent development of buffalo oocytes in vitro. 
Theriogenology 1997; 48: 461-469. 
https://doi.org/10.1016/S0093-691X(97)00255-0 

[63] Heleil B, Fayed M. Developmental competence of oocytes 
from follicles of different size diameters selected by Brilliant 
Cresyl Blue staining. Global Vet 2010; 4: 176-184. 

[64] Gordon I. Laboratory production of cattle embryos. CABI 
Publishing 2003, Technology & Engineering, 548 pp. 
https://doi.org/10.1079/9780851996660.0000 

[65] Gupta PSP, Nandi S, Ravindranatha BM, Sarma PV. Effect 
of buffalo follicular fluid alone and in combination with PMSG 
and M199 on in vitro buffalo oocyte maturation. Asian 
Australasian J Anim Sci 2001; 14(5): 693-696. 
https://doi.org/10.5713/ajas.2001.693 

[66] Abdoon ASS, Kandil OM, Otoi T, Suzuki T. Influence of 
oocyte quality, culture media and gonadotropins on cleavage 
rate and development of in vitro fertilized buffalo embryos. 
Anim Reprod Sci 2001; 65: 215-223.  
https://doi.org/10.1016/S0378-4320(01)00079-3 

[67] Shang JH, Huang YJ, Zhang XF, Huang FX, Qin J. Effect of 
β-mercaptoethanol and buffalo follicular fluid on fertilization 
and subsequent embryonic development of water buffalo 
(Bubalus bubalis) oocytes derived from in vitro maturation. 
Italian J Anim Sci 2007; 6: 751-754. 
https://doi.org/10.4081/ijas.2007.s2.751 

[68] Zicarelli L, Neglia G, Brienza VC, Papaccio G, Esposito L, 
Gasparrini B. Buffalo (Bubalus bubalis) in vitro embryo 
production in two different defined culture media. Italian J 
Anim Sci 2003; Suppl 1: 136-138. 

[69] Singhal S, Prasad S, Singh B, Prasad JK, Gupta HP. Effect 
of including growth factors and antioxidants in maturation 
medium used for in vitro culture of buffalo oocytes recovered 
in vivo. Anim Reprod Sci 2009; 113(1-4): 44-50. 
https://doi.org/10.1016/j.anireprosci.2008.05.078 

[70] Yang CY, Li RC, Pang CY, Yang BS, Qin GS, Chen MT, 
Zhang XF, Huang FX, Zheng HY, Huang YJ, Liang XW. 
Study on the inter-subspecies nuclear transfer of river buffalo 
somatic cell nuclei into swamp buffalo oocyte cytoplasm. 
Anim Reprod Sci 2010; 121: 78-83. 
https://doi.org/10.1016/j.anireprosci.2010.05.011 

[71] George A, Sharma R, Singh KP, Panda SK, Singla SK, Palta 
P, Manik R, Chauhan MS. Production of cloned and 
transgenic embryos using buffalo (Bubalus bubalis) 
embryonic stem cell-like cells isolated from in vitro fertilized 
and cloned blastocysts. Cell Reprogram 2011; 13: 263-272. 
https://doi.org/10.1089/cell.2010.0094 

[72] Ravindranatha BM, Nandi S, Raghu HM, Reddy SM. In vitro 
maturation and fertilization of buffalo oocytes: effects of 
storage of ovaries, IVM temperatures, storage of processed 
sperm and fertilization media. Reprod Domest Anim 2003; 
38: 21-26. 
https://doi.org/10.1046/j.1439-0531.2003.00390.x 

[73] Boni R, Sangella L, Dale B, Roviello S, Di Palo R, Barbieri V. 
Maturazione in vitro di ovociti bufalini: indagine 
ultrastrutturale. Acta Med Vet 1992; 38: 153-161. 

[74] Gupta PSP, Nandi S, Ravindranatha BM, Sarma PV. In vitro 
culture of buffalo (Bubalus bubalis) preantral follicles. 
Theriogenology 2002; 57: 1839-1854. 
https://doi.org/10.1016/S0093-691X(02)00694-5 



84     Journal of Buffalo Science, 2022, Vol. 11 Hufana-Duran and Duran 

[75] Santos SSS, Biondi FC, Cordeiro MS, Miranda MS, Dantas 
JK, Figueiredo JR, Ohashi OM. Isolation, follicular density, 
and culture of preantral follicles of buffalo fetuses of different 
ages. Anim Reprod Sci 2006; 95: 1-15. 
https://doi.org/10.1016/j.anireprosci.2005.08.012 

[76] Ramesh HS, Ravindra JP, Gupta PSP, Kumar VG. Effect of 
individual or group culture on in vitro development of buffalo 
preantral follicles. Indian J Anim Sci 2007; 77: 953-955. 
https://doi.org/10.1111/j.1439-0531.2007.00946.x 

[77] Ramesh HS, Gupta PSP, Nandi S, Manjunatha BM, Girish V, 
Kumar VG, Revindra JP. Co-culture of buffalo preantral 
follicles with different somatic cells. Reprod Domest Anim 
2008; 43(5): 520-524. 

[78] Ramesh HS, Gupta PSP, Nandi S, Manjunatha BM. In vitro 
development of buffalo preantral follicles in co-culture with 
cumulus or granulosa cells. Vet Arhiv 2010; 80: 41-50. 

[79] Sharma GT, Dubey PK, Nath A, Saikumar G. Co-culture of 
buffalo (Bubalus bubalis) preantral follicles with antral 
follicles: a comparative study of developmental competence 
of oocytes derived from in vivo developed and in vitro 
cultured antral follicles. Zygote 2013; 21: 286-294. 
https://doi.org/10.1017/S0967199411000700 

[80] Gupta PSP, Nandi S. Viability and growth of buffalo preantral 
follicles and their corresponding oocytes in vitro: effect of 
growth factors and beta-mercaptoethanol. Reprod Domest 
Anim 2010; 45: 147-154. 
https://doi.org/10.1111/j.1439-0531.2008.01292.x 

[81] Gupta PS, Ramesh HA, Manjunatha BM, Nandi S, Ravindra 
JP. Production of buffalo embryos using oocytes from in vitro 
grown preantral follicles. Zygote 2008; 16: 57-63. 
https://doi.org/10.1017/S096719940700442X 

[82] Dubey PK, Tripathi V, Singh RP, Sharma GT. Influence of 
nitric oxide on in vitro growth, survival, steroidogenesis, and 
apoptosis of follicle-stimulating hormone-stimulated buffalo 
(Bubalus bubalis) preantral follicles. J Vet Sci 2011; 12: 257-
265. 
https://doi.org/10.4142/jvs.2011.12.3.257 

[83] Dubey PK, Tripathi V, Singh RP, Saikumar G, Nath A, 
Pratheesh H, Gade N, Sharma GT. Expression of nitric oxide 
synthase isoforms in different stages of buffalo (Bubalus 
bubalis) ovarian follicles: effect of nitric oxide on in vitro 
development of preantral follicle. Theriogenology 2012; 77: 
280-291. 
https://doi.org/10.1016/j.theriogenology.2011.08.002 

[84] Liang YY, Phermthai T, Nagai T, Somfai T, Parnpai R. In 
vitro development of vitrified buffalo oocytes following 
parthenogenetic activation and intracytoplasmic sperm 
injection. Theriogenology 2011; 75: 1652-1660. 
https://doi.org/10.1016/j.theriogenology.2010.12.028 

[85] Kopf GS, Visconti PE, Galantino-Homer H. Capacitation of 
the Mammalian Spermatozoon. Advances in Developmental 
Biochemistry 1999; 5: 83-107. 
https://doi.org/10.1016/S1064-2722(08)60017-1 

[86] Chang MC. The meaning of sperm capacitation. J Androl 
1984; 5: 45-50. 
https://doi.org/10.1002/j.1939-4640.1984.tb00775.x 

[87] Liang YY, Ye DN, Laowtammathron C, Phermthai T, Nagai T, 
Somfai T, Parnpai R. Effects of chemical activation treatment 
on development of swamp buffalo (Bubalus bubalis) oocytes 
matured in vitro and fertilized by intracytoplasmic sperm 
injection. Reprod Domest Anim 2011; 46: e67-73.  
https://doi.org/10.1111/j.1439-0531.2010.01636.x 

[88] Sidhu KS, Bassi N, Singh N, Guraya SS. Effect of uterine 
fluid on in vitro acrosome reaction of buffalo (Bubalus 
bubalis) spermatozoa. Theriogenology 1990; 33: 569-576. 
https://doi.org/10.1016/0093-691X(90)90513-S 

[89] Jamil H, Samad HA, Qureshi ZI, Rehman N, Lodhi LA. Effect 
of bull and sperm preparation method on in vitro fertilization 
of buffalo oocytes. Pak Vet J 2007; 27: 29-34. 

[90] Brackett BG, Oliphant G. Capacitation of rabbit spermatozoa 
in vitro. Biol Reprod 1975; 12: 260-74. 
https://doi.org/10.1095/biolreprod12.2.260 

[91] Totey SM, Pawshe CH, Singh GP. In vitro maturation and 
fertilization of buffalo oocytes (Bubalus bubalis): effect of 
media, hormone and sera. Theriogenology 1993; 39: 1153-
1171. 
https://doi.org/10.1016/0093-691X(93)90014-V 

[92] Kaul G, Sharma GS, Singh B, Gandhi KK. Capacitation and 
acrosome reaction in buffalo bull spermatozoa assessed by 
chlortetracycline and Pisum sativum agglutinin fluorescence 
assay. Theriogenology 2001; 55: 1457-1468. 
https://doi.org/10.1016/S0093-691X(01)00494-0 

[93] Kandil OM, Abdoon ASS, Kacheva CHD, Georgiev B. Effect 
of in vitro culture media on embryo developmental 
competence and vitrification methods in blastocyst viability in 
buffalo. Global Vet 2013; 11: 622-629. 

[94] Nandi S, Chauhan MS, Palta P. Influence of cumulus cell 
and sperm concentration on cleavage rate and subsequent 
embryonic development of buffalo (Bubalis bubalis) oocytes 
matured and fertilized in vitro. Theriogenology 1998; 50: 
1251-1262. 
https://doi.org/10.1016/S0093-691X(98)00224-6 

[95] Mustafa G, Anzar M, Arslan M. Separation of motile 
spermatozoa from frozen-thawed buffalo semen: swim-up vs. 
filtration procedures. Theriogenology 1998; 50: 205-211. 
https://doi.org/10.1016/S0093-691X(98)00127-7 

[96] Pawar K, Kaul G. Assessment of buffalo (Bubalus bubalis) 
sperm DNA fragmentation using a sperm chromatin 
dispersion (SCD) test. Reprod Domest Anim 2011; 46: 964-
969. 
https://doi.org/10.1111/j.1439-0531.2011.01766.x 

[97] Boccia L, Di Palo R, De Rosa A, Attanasio L, Mariotti E, 
Gasparrini B. Evaluation of buffalo semen by Trypan 
blue/Giemsa staining and related fertility in vitro. Italian J 
Anim Sci 2007; 6: 739-742. 
https://doi.org/10.4081/ijas.2007.s2.739 

[98] Hufana-Duran D, Mallari RP, Suba DP, Duran PG, Abella 
EA, Cruz LC. Comparison of different osmolarities and sugar-
salt solutions for hypo-osmotic swelling test of frozen-thawed 
water buffalo spermatozoa. Philipp J Vet Ani Sci 2014; 40: 
97-108. 

[99] Gasparrini B, De Rosa A, Attanasio L, Boccia L, Palo RD, 
Campanile G, Zicarelli L. Influence of the duration of in vitro 
maturation and gamete co-incubation on the efficiency of in 
vitro embryo development in Italian Mediterranean buffalo 
(Bubalus bubalis). Anim Reprod Sci 2008; 105: 354-364. 
https://doi.org/10.1016/j.anireprosci.2007.03.022 

[100] Carroll J, Depypere H, Matthews CD. Freeze-thaw-induced 
changes of the zona pellucida explains decreased rates of 
fertilization in frozen-thawed mouse oocytes. J Reprod Fertil 
1990; 89: 253-259. 

[101] Kazem R, Thompson LA, Srikantharajah A, Laing MA, 
Hamilton MPR, Templeton A. Cryopreservation of human 
oocytes and fertilization by two techniques: in vitro 
fertilization and intracytoplasmic injection. Human Reprod 
1995; 10: 2650-2654. 
https://doi.org/10.1093/oxfordjournals.humrep.a135761 

[102] Mavrides A, Morroll D. Cryopreservation of bovine oocytes: is 
cryoloop vitrification the future to preserving the female 
gamete? Reprod Nutr Dev, EDP Sciences 2002; 42(1): 73-
80.  
https://doi.org/10.1051/rnd:20020008 

[103] Seidel GE. Sperm sexing technology-The transition to 
commercial application. An introduction to the symposium 
‘‘Update on sexing mammalian sperm’’. Theriogenology 
2009; 71: 1-3. 
https://doi.org/10.1016/j.theriogenology.2008.09.015 

 



In Vitro Embryo Production in Water Buffalo Journal of Buffalo Science, 2022, Vol. 11     85 

[104] Lu Y, Zhang M, Lu S, Xu D, Huang W, Meng B, Xu H, Lu K. 
Sex-preselected buffalo (Bubalus bubalis) calves derived 
from artificial insemination with sexed semen. Anim Reprod 
Sci 2010; 119: 169-171. 
https://doi.org/10.1016/j.anireprosci.2010.01.001 

[105] Lu K, Lu Y, Zhang M, Yang X. Sperm sexing in buffalo using 
flow cytometry. Buffalo Bulletin 2013; 32: 22-30. 

[106] Suh TK, Schenk JL, Seidel GE Jr. High pressure flow 
cytometric sorting damages sperm. Theriogenology 2005; 
64: 1035-1048. 
https://doi.org/10.1016/j.theriogenology.2005.02.002 

[107] Blondin P, Beaulieu M, Fournier V, Morin N, Crawford L, 
Madan P, King WA. Analysis of bovine sexed sperm for IVF 
from sorting to the embryo. Theriogenology 2009; 71: 30-38. 
https://doi.org/10.1016/j.theriogenology.2008.09.017 

[108] Carvalho JO, Sartori R, Machado GM, Mourao GB, Dode 
MAN. Quality assessment of bovine cryopreserved sperm 
after sexing by flow cytometry and their use in in vitro embryo 
production. Theriogenology 2010; 74: 1521-1530. 
https://doi.org/10.1016/j.theriogenology.2010.06.030 

[109] Presicce GA, Verberckmoes S, Senatore EM, Klinc P, Rath 
D. First established pregnancies in Mediterranean Italian 
buffaloes (Bubalus bubalis) following deposition of sexed 
semen near the utero-tubal junction. Reprod Domest Anim 
2005; 40: 73-75. 
https://doi.org/10.1111/j.1439-0531.2004.00560.x 

[110] Campanile G, Gasparrini B, Vecchio D, Neglia G, Senatore 
EM, Bella A, Presicce GA, Zicarelli L. Pregnancy rates 
following AI with sexed semen in Mediterranean Italian 
buffalo heifers (Bubalus bubalis). Theriogenology 2011; 76: 
500-506. 
https://doi.org/10.1016/j.theriogenology.2011.02.029 

[111] Campanile G, Vecchio D, Neglia G, Bella A, Prandi A, 
Senatore EM, Gasparrini B, Presicce GA. Effect of season, 
late embryonic mortality and progesterone production on 
pregnancy rates in pluriparous buffaloes (Bubalus bubalis) 
after artificial insemination with sexed semen. 
Theriogenology 2013; 79: 653-659. 
https://doi.org/10.1016/j.theriogenology.2012.11.020 

[112] Gaviraghi A, Puglisi R, Balduzzi D, Severgnini A, Bornaghi V, 
Bongioni G, Frana A, Gandini LM, Lukaj A, Bonacina C, Galli 
A. Minimum number of spermatozoa per dose in 
Mediterranean Italian buffalo (Bubalus bubalis) using sexed 
frozen semen and conventional artificial insemination. 
Theriogenology 2013; 79: 1171-1176. 
https://doi.org/10.1016/j.theriogenology.2013.02.014 

[113] Suresh KP, Nandi S, Mondal S. Factors affecting laboratory 
production of buffalo embryos: A meta-analysis. 
Theriogenology 2009; 72: 978-985. 
https://doi.org/10.1016/j.theriogenology.2009.06.017 

[114] Hamano S, Kuwayama M. In vitro fertilization and 
development of bovine oocytes recovered from ovaries of 
individual donors; a comparison between the cutting and 
aspiration method. Theriogenology 1993; 39: 703-712. 
https://doi.org/10.1016/0093-691X(93)90255-4 

[115] Hufana-Duran D. 1996. Studies on the effects of 
dimethylsulphoxide (DMSO) on the culture systems of bovine 
oocytes and embryos in vitro. Master thesis, Miyazaki 
University, Japan. pp. 164. 

[116] Kitiyanant Y, Saikhun J, Chaisalee B, White KL, 
Pavasuthipaisit K. Somatic cell cloning in Buffalo (Bubalus 
bubalis): effects of interspecies cytoplasmic recipients and 
activation procedures. Cloning and Stem Cells 2001; 3: 97-
104.  
https://doi.org/10.1089/153623001753205052 

[117] Lu F, Shi D, Wei J, Yang S, Wei Y. Development of embryos 
reconstructed by interspecies nuclear transfer of adult 
fibroblasts between buffalo (Bubalus bubalis) and cattle (Bos 
indicus). Theriogenology 2005; 64; 1309-1319. 
https://doi.org/10.1016/j.theriogenology.2005.03.005 

[118] Priya D, Selokar NL, Raja AK, Saini M, Sahare AA, Nala N, 
Palta P, Chauhan MS, Manik SK, Singla SK. Production of 
wild buffalo (Bubalus arnee) embryos by interspecies somatic 
cell nuclear transfer using domestic buffalo (Bubalus bubalis) 
oocytes. Reprod Domest Anim 2014; 49: 343-351. 
https://doi.org/10.1111/rda.12284 

[119] Saini M, Selokar NL, Raja AK, Sahare AA, Singla SK, 
Chauhan MS, Manik RS, Palta P. Effect of donor cell type on 
developmental competence, quality, gene expression, and 
epigenetic status of interspecies cloned embryos produced 
using cells from wild buffalo and oocytes from domestic 
buffalo. Theriogenology 2015; 84: 101-108.e101. 
https://doi.org/10.1016/j.theriogenology.2015.02.018 

[120] Selokar NL, George A, Saha AP, Sharma R, Muzaffer M, 
Shah RA, Palta P, Chauhan MS, Manik RS, Singla SK. 
Production of interspecies hand-made cloned embryos by 
nuclear transfer of cattle, goat and rat fibroblasts to buffalo 
(Bubalus bubalis) oocytes. Anim Reprod Sci 2011; 123: 279-
282. 
https://doi.org/10.1016/j.anireprosci.2011.01.008 

[121] Drost M. Training manual on embryo transfer in water 
buffalo. FAO 1991 http://www.fao.org/docrep/004/t0120e/ 
t0120e07.htm 

[122] Drost M. Advanced reproductive technology in the water 
buffalo. Theriogenology 2007; 68: 450-453. 
https://doi.org/10.1016/j.theriogenology.2007.04.013 

 
 
 

 

Received on 23-05-2022 Accepted on 25-07-2022 Published on 01-11-2022 
 

https://doi.org/10.6000/1927-520X.2022.11.08 

© 2022 Hufana-Duran and Duran; Licensee Lifescience Global. 
This is an open access article licensed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution and reproduction in any medium, 
provided the work is properly cited. 
 


