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In vitro culture of mammalian embryos allows
examination of the complex interactions and control of
development that bring about life from a single cell into a
multicellular organism. The customary practice in caprine
in vitro embryo production (IVP) is to handle oocytes and
embryos after acquiring experience and expertise in the
handling of single zygote. In vitro culture has been made
possible by improvements in culture systems and attempts
are being made for further improvement (Kharche et al.
2010). However, despite considerable progress in
determining the requirements of the cell culture, the multi-
step process of in vitro culture remains significantly inferior
to the complex and dynamic environment found in vivo.
Determination of the requirements and responses of the cell
culture for the availability of nutrients is therefore important
to promote development and elucidate the conditions and
mechanisms that control development. Besides the use of
different culture conditions with various media and
supplementations some additional factors are also responsible
that influence in vitro culture system. An additional attribute
to quality control in the laboratory encompassing not only
choice of culture media but also the continuous monitoring
of all possible toxic conditions is required. The ideal in vitro
culture media is expected to posses certain physiological and
chemical properties such as pH, oxygen, carbon dioxide,
buffering, osmolarity, viscosity, temperature in such a way
that it should support growth and proliferation of cultured
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animal cells. In vitro cell culture technique is still not very
efficient due to several limiting factors affecting the outcome
of the results (Kharche et al. 2006). The review can be divided
into two major themes, inherent factors in zygotes and culture
techniques. In the following sections, the practical approaches
for controlling these factors are discussed.

Inherent factors in zygotes
Oocyte contributes not only half of the genetic material

but also practically all of the cytoplasm to the zygote,
supplying the transcripts and proteins necessary for early
embryonic development (Schultz 2002, Kharche et al.
2011b). It is obvious that oocyte quality is essential for
embryonic development before and after genome activation
considering the fact that the appropriate embryonic genome
activation is a fundamental key for the subsequent embryo
development (Comargo et al. 2006). Being the key factor in
in vitro fertilization technology, oocyte quality profoundly
affects monospermic fertilization, early embryonic survival,
maintenance of pregnancy and even fetal development (Wang
et al. 2007). Therefore selection criteria of cumulus oocyte
complexes (COC’s) are extremely important for successful
in vitro embryo production program (Kharche et al. 2008b).
Morphology of the cytoplasm and cumulus cell investment
surrounding oocyte is the primary criteria for the
categorization and selection of oocyte. Oocytes should also
have homogenous cytoplasm, absence of cracked zona
pellucida and absence of vesicle in ooplasm. An important
role of cumulus cells is to provide nutritional support to the
developing oocyte (Buccione et al. 1990). A subtle
coordination between maturation of the oocyte and its
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adjacent follicular cells is essential in order to produce an
oocyte that is fully competent to undergo fertilization and
embryonic development. Cyclical growth and atresia of
ovarian follicles result in changes in overall oocyte quality,
which is likely to be associated with alterations in the
composition of the follicular fluid. During the period of
follicle growth, oocyte acquires competence to undergo
meiotic maturation by an interaction between oocyte and
theca and granulosa cells (Miyano 2003) and accumulates
transcripts and proteins that will guide maturation,
fertilization, and initiate embryo development (Kruip et al.
2000). Hormonal stimulation of donors can be used to
increase developmental competence of prepubertal oocyte
by enhancing cytoplasmic maturation and increasing the
number of follicles available for puncture on ovarian surface
but blastocyst production rate may remain inferior to those
obtained using in vivo matured ones. Aspect that should be
taken into account is the genetic information transmitted by
spermatozoa to the embryo. The expression of compromised
genetic information from spermatozoa can impair embryo
quality (Leibfried-Rutledge 1999) and interfere with an in
vitro embryo development program’s success. The quality
of semen influences fertilization and embryonic development
rates and this have to be controlled when implementing new
procedures. Additionally differences of sperm sensitivity,
sperm concentration between each male requires that
optimum conditions for each male be characterized. Trials
should be repeated to get accustomed to the new technique.
A repetition of experiment is necessary to evaluate the
potential improvements brought by the new procedures.
Therefore, it is needed to select the most fertile male for
semen collection, selection of excellent grade oocytes and
standardization of processing techniques

Culture techniques
Chemical composition of culture medium

Effect of water quality: An area of major concern is the
negative impact of water quality on in vitro embryo
development (Rienhart et al. 1988). Water is used in IVF
laboratory for purposes such as a solvent for culture media
when preparing from powdered formulae or media
concentrates, finally rinsing steps in washing up reusable
glassware’s which will be used for media preparation, storage
of media, which demand a high level of purity in particular.
Extreme attention is to be paid to chemical constituents and
water quality while media formulation.

The presence of metal ions and organics in water can be
very harmful to cell culture and can prevent healthy in vitro
embryo development. The demand of pure water in media
preparation and washing materials for mammalian cell culture
is well established. IVF Laboratories may be partially
attributable to disparate quality of the water used in
preparation of culture media. The removal of contaminants
in the water is of paramount importance since water

constitutes the predominant component in any media
formulation. To assist in selection, operation and maintenance
of a water purification system, the level of contaminants must
be carefully monitored. Conductivity and resistance are used
to measure the purity of natural and ultrapure water
respectively. Ideally a water purification system situated in
the wash up area can serve as a continuous supply of ultrapure
water for all purposes. This will also help in the long term to
minimize cost of media and other sterile tissue culture
reagents.

Removal of impurities is particularly important. Wiemer
et al. (1998) carried out complete analysis of impurities that
can be found in water; this universal solvent provides the
medium for most biological and chemical reactions and is
more susceptible to contamination than any other common
solvents. Three categories of contaminant are generally
present: inorganic, organic particles and microorganisms.
Water purification processing system includes distillation,
deionization, micro porous filtration, reverse osmosis,
ultrafiltration, particulate filtration, carbon absorption,
activated carbon cartridge filtration and electro deionization.
An ultraviolet oxidation system before final filtration through
0.22 μm filters membrane to remove trace particles and
prevents reverse bacterial contamination from the
environment. This prepared water should be stored in plastic
container to prevent leaching of metallic ions from the glass.
Thus the Milli-Q synthesis is a water polisher that combines
a range of advanced purification techniques designed to
remove trace contaminants that may affect molecular biology,
biochemical and cell biology research. The obvious
alternative to one manufacturing their own water for media
production is to purchase commercially prepared media. It
will be advisable to buy ultrapure water for the preparation
of solutions of reagents and deionized water from a
conventional double distilled apparatus may be adequate for
glassware rinsing and other general purposes. Thus, it may
be concluded that water purity is essential requirement for
media preparation and washing procedures and the system
should be periodically checked for organic contaminants and
endotoxins.

Osmolarity: An important parameter of cell culture
medium is the osmotic pressure expressed as osmolarity.
Measurement of osmolarity of the culture medium is based
on the measurement of the freezing point of the liquid with
the principle that freezing point is lowered as the total number
of all dissolved particles (ionic and nonionic) is increased.
The effect of each component in the medium to the overall
osmolarity is additive and dependent upon its dissociation,
e.g. 15 mM glucose will increase the osmolarity by 15 mOsm/
l whereas 15 mM NaCl will increase the osmolarity by 30
mOsm/l. Osmolality of culture media is one of the key factors
affecting the success of in vitro culture. The osmolarity of
standard culture medium is approximately 270 mOsm/l and
is optimal for cell culture (Naglee et al. 1969) however cells
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can normally tolerate variations up to 10–20 mOsm following
normal development. Composition of culture medium
directly affects osmolarity of the medium. Osmolarity of
culture media is based on the media composition but during
media preparation it may deviate because of minor
differences in measurements. If the osmolarity deviate more
than 10–20 mOsm, new media should be prepared for more
acute measurements. The osmolarity of a culture may increase
during cell growth as a result of the production of low
molecular weight metabolites such as ammonia and lactic
acid. Therefore culture media should be replaced at every
24 h with regards that osmolality of culture medium must
remain stable during in vitro culture process. Osmotic stress
can damage DNA; affect DNA replication, DNA transcription
and mRNA translation, leading to cellular damage (Burg et
al. 2007). Evaporation probably affected cellular viability,
due to both increase in salt concentration and osmolality.
Regardless of the evidence that high osmolality during early
embryonic stages decreases the number of apoptotic cells
and improves blastocyst formation, the increase in osmolality
is highly detrimental for later stages of embryo development
(Ngyuen et al. 2003, Hwang et al. 2008). The oil overlay
avoids the water evaporation from cell culture media.
However, some studies indicated that use of oil can have
disadvantages related to migration of positive lipophilic
factors into the oil (Shimada et al. 2002), toxic factors from
oil to media (Erbach et al. 1995) and oil storage (Otsuki et
al. 2009). Gasperin et al. (2010) tested the alternate of oil
overlay by presence of water in the central hole of culture
plate to maintain osmolality stability during different steps.
The maintenance of osmotic equilibrium and in vitro culture
rate confirm that 4-well plate with water in the central hole
can be a feasible alternative to oil for in vitro embryo
production. In addition, it is also common to use paraffin oil
to cover media to prevent evaporation of media that causes
changes in component concentration or osmolality in
medium. Liu and Foote (1996) showed a drastic reduction
in bovine embryo production when medium osmolality was
300 mOsm/kg. In addition, high levels of NaCl impair
fertilization, increase polyspermy, decrease blastocyst
formation and decrease number of blastomeres (Liu and
Foote 1996, Roh et al. 2002). Miyoshi et al. (1995) showed
the effect of osmolarity in RlECM (Rat 1 cell embryo culture
medium) containing a reduced concentration (63.8 mmol–1)
of NaCl on development of rat one-cell embryos and found
culture media at 246 mOsm significantly enhanced blastocyst
production rate. Naglee et al. (1969) cultured rabbit embryos
from 2-cell to 4-cell stage embryos in a modified Ham’s F-
10 defined medium prepared so as to give calculated
osmolarities of 230, 250, 270, 290, 310 and 330 mOsm. They
found that number of blastocyst, which had enlarged and
partially or completely escaped from zona pellucida at 270
mOsm was significantly higher than other groups. Therefore,
osmolarity of the medium should remain in consideration

prior to proceeding for in vitro culture.
Use of defined media: Co-culture of oocytes and embryos

with granulose, cumulus or oviductal cells presents a major
risk of contamination. This type of co-culture could be
avoided by using defined culture media containing the
complete nutritional requirement of cells. With successful
endeavors, surprisingly little is known about the beneficial
effects of serum, although the production of growth factors,
modulation of nutrient profile, and protection against culture
induced stress may be contenders. But the serum is an
undefined biological product and variation in bioactivity
results in inconsistencies. Culture systems without the support
of biological products i.e. serum, physiological fluids are
commonly referred to as defined systems, where synthetic
macromolecule supplementation is used (Kharche et al.
2010). An approach that is widely employed is to replace
serum with a set of hormones, growth factors, attachment
proteins and transport proteins that will substitute for serum
in the cell culture system being used. Chemically defined
embryo culture system aimed to define the role of complex
biological products and resolving the problems such as
variation in different lots as well as risks of contamination.
Pre-implantation stage embryos can develop in different
media whose compositions range from simple balanced salt
solutions and carbohydrates, e.g. Charles Rosenkrans 1 and
2 (CR1 and CR2), synthetic oviductal fluid (SOF) and
potassium simplex optimization medium (KSOM)) to very
complex constituents, such as tissue culture medium (TCM)-
199, with further supplementation of serum and/or a feeder
layer of somatic cells. Defined culture media i.e. media
without BSA or FBS improved developmental competence
of in vitro cultured bovine embryos and delivery of viable
calves after embryo transfer (Lim et al. 2007). Utilization of
KSOM has also resulted in vitro embryo development and
birth of twin kids following embryo transfer into recipient
doe (Kharche et al. 2011a). The advantages of completely
defining the cell culture environment were recognized early
in the development of cell culture. However, several distinct
advances were necessary to achieve the goal maintaining
functional mammalian cells in totally defined media. The
formulations were prepared very precisely with milligram
quantities of essential amino acids, vitamins, salts and
carbohydrates often based on the analysis of body tissues.
The roles of essential amino acids, vitamins, minerals, salts,
trace metals and other nutritional components were first
demonstrated and later amplified. Once these requirements
were met in more complex media, it became possible to
examine the role of serum, undefined components of cell
culture media. Researchers have done great progress in the
development of serum free systems for the growth of
mammalian cells in vitro. Work from different laboratories
and cell culture systems have contributed to our
understanding of the role of serum in supporting cell growth
and function. When a medium such as Eagle’s minimal
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essential medium is used serum can remain a source of
essential nutrients and co-factors such as vitamins and some
of the amino acids. A more complex medium may provide
all of these nutrients and still be inadequate to support the
growth of many cells in serum free medium. It has been
shown that optimization of nutrient concentration and
balancing the ratios of concentrations of various nutrients in
the culture medium can reduce, or in some cases eliminate,
the requirement of serum (Gandhi et al. 2000). The optimal
nutrient balance and concentrations will depend on the cell
type, cell density and culture system employed. Optimization
of nutrients is a time consuming task, but is rewarded with a
culture system that has been determined to be optimal for
the cell type and conditions used at a minimal cost. The
optimal set of factors will again be cell-type specific. The
addition of growth factors and essential amino acids to culture
media have shown evidence that improvements could be
made in culturing mammalian cells by eliminating serum. It
has been found that use of defined media in embryo culture
is capable of supporting the development of goat embryos in
the absence of co-culture with somatic cells (Kharche et al.
2010). The development of defined embryo culture systems
also holds promise for ongoing efforts in reproductive
physiology (Kharche et al. 2011b). Thus it may be concluded
that good development of embryos can be obtained in a
completely defined medium.

Environmental factors
Sterilization: The more recent approach to ensure that in

vitro culture does not possess the risk of contamination is
based on the sanitary status of cell, culture conditions and
the associated culture media. This approach clearly
demonstrated that embryos could be generated in vitro
without transmitting pathogens, provided that standardized
methods of collection and processing of oocytes (Kharche
et al. 2008a). But contamination may arise during processing
as inadvertent introduction of microorganisms during
processing, and may lead to stop the further development of
cell. Recently, a decrease in implantation rates has been
attributed to air contaminants (Cohen et al. 1997).
Maintenance of contamination free culture system during in
vitro environment is highly desirable for success of tissue
culture laboratory. To minimize the risks of contamination
several features has been adopted including use of sterilized
or disposable glass wares, use of sterilized (UV exposed)
laminar air flow, use of antibiotics, serial washing and clean
laboratory environment. In vitro embryo production culture
system is generally followed by 8–9 days, which is sufficient
long period for the growth of pathogens and cause
contamination. Environmental microbes associated with an
operator, tissue or the laboratory may pose risks during the
in-vitro culture. The transferable embryos obtained through
IVP system must be free of pathogens. Sources of
contamination may include agents introduced with culture

supplements of biological origin, e.g. serum, supporting
granulose and oviductal co-culture cells, or cell lines. In this
regard, inadvertent inclusion supporting cells from slaughter
house material presents a major risk of contamination,
especially by viruses (Booth et al. 1995) and inclusion of
serum from infected animal into the pool may cross-
contaminate, leading to batches of contaminated cell culture.
This type of co culture should only be used if the cells can
be controlled for the presence of viruses and results known
before embryo transfer into recipients. Established cell lines
such as buffalo rat liver (BRL) or vero cells are good systems
if they can also be controlled before use and are often certified
as pathogen free. Culture in simple defined media such as
synthetic oviductal fluid (SOF), potassium simplex
optimization medium (KSOM), Charles Rosenkrans medium
(mCR2aa) without the any cell support would be the ideal
solution from the sanitary point of view (Kharche et al. 2010).
Additionally the media, solutions, sera and additives used
must be free from contaminants and living microorganisms.
Washing by the gradient centrifugation method appears to
be effective for reducing the microbial population of
supporting cells like oviductal epithelial cells, fetal fibroblast
cells and is harmless for them. Multiple drops washing in
sterile medium is recommended for the prevention from
chances of contamination.

Application of enzymes to disinfect the in vitro cultured
cells is possible regardless of cells sensitivity (Stringfellow
1998). Oocytes and embryos are surrounded by the zona
pellucida (ZP), a glycoprotein shell, which protects them from
physical injury and infection. It is well known that the intact
ZP of uterine stage and IVF embryos is an effective barrier
against penetration by most pathogens, even though some
may adhere firmly to the surface (Stringfellow 1998).
Disinfection of embryos through enzymatic treatment must
be carried out in strictly controlled conditions to prevent
dissolution of the ZP and damage to the embryonic cell
membranes which could, in turn affect embryo survival.
Currently, a trypsin-like protease is the only enzyme that is
used routinely for rendering embryos free from viruses when
a mechanical washing procedure is not fully effective.
Antibiotics are routinely added to media used for the long-
term culture of cells and tissues, to avoid contamination.
However, antibiotics are biologically active substances that
always have the potential to affect cell function. So the
quantity of antibiotics in the media is kept at appropriate
concentrations to control microorganisms in culture media,
without any apparent effect on the development of embryos.
Penicillin (100 IU/ml) and streptomycin (100 mg/ml) or
gentamicin (50 μg/ml) are the most common antibiotics with
no harmful effect on viability and growth of cell (Kharche et
al. 2008b). Study also suggests that if antibiotics are to be
used, gentamicin is the safest antibiotic (Zhou et al. 2000).
Various media have been formulated to improve cell viability
at standard concentration and quality of antibiotics with
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successive days of culture. However, use of antibiotics at
higher concentrations is unsuitable, as they can compromise
the viability of cells. So there is need of maintaining sterile
culture condition for appropriate tissue culture. In the event
of cell cultures becoming contaminated with bacteria, fungi
or mycoplasmas, the best course of action is to discard the
culture, check cell culture reagents for contamination. In case
of contamination with a spore-forming organism, and where
such facilities exist, room fumigation may also be done.
Maintenance of sterile culture conditions from all potentially
pathogenic microorganisms are difficult until and unless
sanitary conditions are provided.

Oxygen tension: The proliferation and scale up of in vitro
embryo production depends upon the oxygen supply without
causing cell damage. In vitro culture deviates from in vivo
conditions in many respects, but one of the critical factors
that are generally not considered is the oxygen tension under
which oocytes/embryos are cultured. Cultured cells depend
on the dissolved oxygen present in the media. High
concentration of the oxygen may act as toxin to the cultured
cells due to generation of free radicals (Olson and Seidel
2000). Therefore oxygen must be supplied in such a way
that it fulfills all the cell requirements and avoids toxic effects
on in vitro embryo productions. Numerous studies have
demonstrated that atmospheric oxygen conditions during
culture have detrimental effects on in vitro embryo
development (Olson and Seidel 2000, Voelkel and Hu 1992).
In vivo, the embryo is surrounded by oviductal or uterine
fluid from which it draws oxygen and metabolic substrates
required for continued growth and survival. It actively
accumulates organic molecules and ions by specific transport
mechanisms, and exchanges nutrients with its environment.
Not only the microenvironment is critical in vivo, but also
the contact with somatic cells, and mimicking this condition
was necessary for the successful production of the first in
vitro blastocysts (Goto et al. 1988). Therefore the presence
of somatic cells often influences the choice of atmosphere
under which embryos are to be culture. Oxygen is an
important component of the oviductal and uterine
environments and may have important roles in regulating
embryonic development, particularly through the regulation
of metabolism. In the mammalian oviduct and uterus, the
oxygen tension is maintained between 1.5 and 9% oxygen
(Fishers and Bavister 1993). Direct measurements of oxygen
tension show that it can vary between 2 and 6% in the oviduct
and uterus, depending on the species (Fischer and Bavister
1993). In defined embryo culture systems in vitro, 5% oxygen
was demonstrated to be optimal (Yuan et al. 2003). However,
when somatic cells are used in co-culture with oocytes or
embryos, 20% oxygen is customarily used (Correa et al.
2008). Although, nowadays somatic cells are generally no
longer used for caprine embryo culture due to undefined
nature and chances of contamination. The majority of studies
suggested that lower oxygen conditions are encountered in

both the oviduct and uterus. Oxygen reduction can be
achieved by using special gas mixers. More blastocyst with
a higher cell number can be obtained when zygotes are
cultured in an oxygen tension lower than that of the
atmosphere (Goovaerts et al. 2009). The use of a low O2
concentration was also found beneficial for embryo
development in vitro to the blastocyst stage in various animal
species (Goovaerts et al. 2009). Furthermore, a reduced O2
concentration of 5% has been shown to result in a slightly
decreased formation of reactive oxygen species in mouse
embryos as compared to 20% O2 (Goto et al. 1993). Ovulated
oocytes and early embryos are rich in protective enzymes,
particularly superoxide dismutase (Mouatassim et al. 1999),
and to some extent they are protected against the harmful
effects of reactive oxygen species. So mammalian embryos
can be cultured successfully using a gas phase containing
either atmospheric (~20%) or reduced (5%) O2 concentration
depending upon somatic cells culture used.

Temperature: Maintaining the optimal and constant
temperature is basic fundamental necessity for consistency
of culture conditions as well as for viability of the cells during
in vitro embryo production which is usually 38.5°C. The
direct effects of temperature on cells are obvious, but the
temperature also affects the pH of the media due to increased
solubility of CO2 at lower temperature. A change in the
temperature of a solution is reflected by a subsequent change
in pH. The pH of a typical medium at room temperature is
around 0.2 units lower than at 37°C. The pH of the buffer
and the degree of ionization of serum components is also
affected by the temperature. A slight decrease in temperature
from optimal may slow down the cell growth rate but an
increase in temperature is likely to be far more detrimental
to the cells. Therefore, it is desirable to maintain the constant
temperature during in vitro embryo production and even
during the processing outside the incubator.

Therefore in extreme cold, blowers or hot air conditioners
are very essential as low working temperature can affect cell
growth and proliferation even can cause cell damage. There
is also necessary need of air conditioning for laboratories in
warm climates when many heat generating items are
concentrated in small space, incubators may overheat if the
ambient temperature is too close to their operating
temperature. Handling of culture at high room temperature
may affect cell growth and survivability. Elevated
temperature can reduce developmental competence of the
preimplantation embryo (Rivera and Hansen 2001).
Following fertilization, the embryo is very sensitive to heat
shock. However, 4–5 days after insemination, the embryo
has acquired increased resistance to elevated temperature
indicating that embryonic development can be disrupted by
a short-term severe or a prolonged mild heat shock and that
the effects of heat shock are not artifacts of changes in pH or
high oxygen tension (Rivera and Hansen 2001). Thus it may
be concluded that the deviation from required temperature
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directly affects the in vitro embryo development potential.
Maintaining pH of culture medium: One parameter that

requires close scrutiny in this endeavor is pH. pH is an
important environmental factor that can dramatically affect
the growth and survival. The challenge of pH regulation can
be particularly because many organisms alter the pH of their
environments through their metabolic activities. pH
management and control is an important aspect of designing
cell culture media in the tissue culture laboratory. pH
buffering is deemed desirable because the growth of many
cells is restricted to narrow limits of pH. Most cell culture
media contain components intended to provide pH buffering.
pH is broadly defined as the negative logarithm of the
hydrogen ion concentration. The H+ ion concentration is one
of the most important parameters which determines the rates
and steady state concentrations in chemical and biochemical
reactions. Supplying and maintaining appropriate pH is
critical to minimize stress imposed upon cultures cells and
to optimize the in vitro culture conditions. With regard to in
vitro culture of cells, it seems logical to consider that culture
media composition should reflect as much as possible the
natural conditions of cells. Though in vitro cultured cells
have a limited ability to regulate their internal pH, thus careful
attention to external pH of culture media is imperative (Swain
2010). The CO2/bicarbonate buffering system is used to
control pH. It is also notable that, although the pH in the
culture medium is an important factor for providing optimal
culture conditions, the optimum intracellular pH level is
essential for cell survivability or growth (Swain 2010).
Ability to protect from pH deviations during in vitro culture
and processing depend on the media composition and culture
conditions. HEPES (N-hydroxyethylpiperazine-N-
ethanesulfonate) is a widely used buffer to maintain the pH
of the media at approximately 7.2–7.6 thus prevented the
deleterious effects of alkaline conditions on the development
i.e. pH of the culture media under atmospheric conditions
during processing can be maintained by using HEPES
modified medium. In recent developments HEPES is avoided
for long time in vitro culture because several reports have
shown that these buffers may be toxic or detrimental to
embryo development. Successful in vitro culture has been
carried out under various conditions with attention to
maintain the pH of culture medium. A tank of compressed
CO2 is attached to the incubator and delivers CO2 at a constant
level. Several studies have investigated the effect of CO2
concentration on in vitro culture developmental potential.
Culture media buffered with sodium bicarbonate are designed
to maintain their pH at 7.4 at 5% CO2 (Geshi et al. 1999).
The pH of the medium becomes significantly higher (7.6–
7.7) when the CO2 concentration is reduced from 5 to 2%
(Geshi et al. 1999) and vice versa. Therefore the composition
of media and CO2 concentration works together in stabilizing
the pH of culture medium during in vitro culture.

In-vitro embryo production is still not very efficient due

to several limiting factors affecting the outcome of each step
of the process. Improvement in in vitro embryo production
requires strong research efforts to develop in vitro treatments,
more adapted to precise requirements of oocytes and early
embryos. The ideal in vitro culture conditions posses certain
physiological and chemical properties such as pH, oxygen,
carbon dioxide, buffering, osmolarity, viscosity, temperature
in such a way that it should support growth and proliferation
of cultured animal cells. Attempts are being made for further
improvement of in vitro culture conditions, more adapted to
precise requirements of embryos by providing different media
with various supplementations and co culture. But the
additional attribute to quality control in the laboratory
encompasses not only choice of culture media but also the
continuous monitoring of all possible toxic conditions.
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