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	1. PREPARED BY DR.  SUSHIL NEUPANE (B.V.SC. AND A.H., IAAS, TU)
Unit 10: Introduction to Bio-Technological Approaches in Animal Breeding
10.1 Importance and methods of Artificial Insemination (AI) Embryo Transfer (ET) in
livestock development
10.2 Other recently advanced Assisted Reproduction Technologies (ART)
Artificial Insemination (AI) and Embryo Transfer (ET) are two important techniques in
livestock development. They play a crucial role in improving breeding programs, genetic
selection, and reproductive efficiency in livestock populations. Here's an overview of their
importance and methods:
Importance of Artificial Insemination (AI) in Livestock Development:
 Genetic Improvement: AI allows livestock breeders to use superior sires with
desirable traits to impregnate a large number of females. This helps accelerate genetic
progress by selecting animals with favorable traits such as increased milk production,
improved meat quality, disease resistance, or better fertility.
 Disease Control: AI minimizes the risk of transmitting diseases between animals
during mating. It eliminates the need to physically introduce animals, reducing the
chances of spreading sexually transmitted infections and other contagious diseases.
 Increased Reproductive Efficiency: AI enables efficient use of high-quality semen
by dividing it into smaller doses. This allows breeders to inseminate multiple females
with a single ejaculate, maximizing the number of pregnancies achieved from
valuable sires.
Methods of Artificial Insemination (AI):
 Intrauterine Insemination (IUI): In this method, semen is directly deposited into the
uterus of the female animal using a catheter or insemination gun. IUI is commonly
used in species where it is relatively easy to access the cervix, such as pigs and horses.
 Transcervical Insemination (TCI): TCI involves passing a catheter or pipette through
the cervix to deposit semen into the uterus. It is commonly used in cattle and sheep
breeding programs and requires specialized equipment and training.
 Laparoscopic Insemination (LI): LI is performed by making a small incision in the
animal's abdomen and using a laparoscope to visualize the reproductive tract. The
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semen is deposited directly into the uterine horns or the oviducts. This method is
typically used in smaller ruminant species like goats and deer.
AI Supplies and Equipments:
Supplies and equipment needed or useful for AI programs include these:
 Bull semen
 Semen storage tank
 Liquid nitrogen
 Insemination rod
 Electronic thawing device
 Thermometer
 Paper towels
 Plastic obstetrical sleeves
 Obstetrical lubricant
 Timer
 Straw-cutting device
AI Procedures
Getting the cow ready
 First and foremost, the cow must be ready to be bred. This can be determined by
noting signs of estrus.
 Properly restrain the cow when it is time to breed; it is important for both the cow’s
and inseminator’s safety. Pick a place that is easy to use and is familiar to the cow to
reduce the stress of the situation.
 Maintain hygienic conditions.
Proper semen handling
 Store insemination supplies and semen tanks in a clean and dry location at all times.
Keep accurate records as to semen location within the semen tank and the number of
units available
Preparing the semen straw
 Using tweezers, quickly remove the desired straw of semen from the goblet below
the frost line.
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 Don’t use your finger as it potentially leads to thawing the semen too quickly.
 If you have multiple cows to breed, only thaw the number of straws of semen that
can be successfully used within 15 minutes of thawing.
 Shake the straw after you remove it from the semen tank to eliminate any liquid
nitrogen at the end of the cotton plug.
 This step prevents damage to the semen straw when it is placed in the water bath to
warm.
 Semen should be thawed at 37°C for 30 seconds.
 Be sure to check your thermometer for accuracy. Improper thawing temperate can
significantly affect the quality and viability of semen.
 While the semen is thawing, record the date, cow name and number, and bull ID in
your record keeping system.
 After the straw is thawed, dry it off with a clean towel and verify that you have
grabbed the correct semen straw for the desired mating
Preparing the Gun
 Warm the breeding gun by stroking vigorously with hand five or six times.
 Make sure that you pull the plunger back about six inches to prepare for the semen
straw. Place the end with the cotton plug in the gun.
 Cut the sealed end at a 90° angle about one-fourth inch from the end. If not cut
correctly, the plastic sheath may not seal tightly resulting in back flow of semen
between the straw and sheath.
 Place the sterile sheath over the gun and push on until it seals. Sheath protectors can
also be helpful to maintain a clean gun for insemination.
 Place the gun between your body and shirt to maintain optimal temperature until you
are ready to breed the cow.
Breeding the cow
 It is recommended to use your left hand in the rectum and right hand to guide the
insemination gun regardless of your dominant hand. Use a new breeding glove for
every insemination.
 Lubricate the glove with mineral oil or a commercial A.I. lubricant.
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 Let the cow know that you are there by gently patting her on the rump or talking in
a soft voice. Enter the rectum by forming a cone like shape with your fingers. Gently
palpate the cow and remove any excess manure.
 Place the tail on the back side of your left arm so that it is not in the way during
insemination.
Inserting the loaded AI gun
 Wipe the vulva and the underside of your palpating arm clean of any manure with a
paper towel. This will help prevent any contamination when inserting the loaded gun
into the cow’s reproductive tract.
 With your left hand make a fist and press down directly on top of the vulva. This will
spread the vulva lips allowing easy access to insert the gun.
 The insemination gun should be inserted into the vulva upwards at a 30° angle. This
helps to prevent the gun from accidentally being inserted into the bladder.
 When the gun is 6 to 8 inches inside the vagina, raise the rear of the gun to level
position and slide forward until it contacts the beginning of the cervix. If the gun is
getting caught in the folds of the cervix, try stretching the cervix away from you with
your left hand to free the gun and allow easier passage to the cervix.
Entering the cervix
 Place the cervix onto the insemination gun.
 Provide forward pressure on the gun while manipulating the cervix slightly ahead of
the gun.
 Never force the gun through a tough part of the cervix.
 Progress is made with the hand inside the cow manipulating the cervix, not the one
holding the gun.
 Be patient as you work through the rings of the cervix.
 Once you have cleared all the cervical rings, the gun should slide forward freely with
little resistance.
Depositing the semen
 Ideally, semen should be deposited just beyond the cervix into the uterine body.
Depositing the semen in the uterine body allows the semen to evenly distribute
between both horns.
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 Slowly deposit semen -
 It should take about 5 seconds.
 Be sure that your fingers of the palpating hand are not blocking the flow of semen or
a uterine horn.
 Be sure to maintain gun position so that the gun does not pull back into the cervix
when depositing the semen.
 If the cow is moving and the insemination gun slips back through the cervix ring,
correctly reposition the gun tip before continuing semen deposit.
 Gently remove the gun and check for any abnormal discharge. If abnormal discharge
is present, note it in your breeding records.
Advantages of AI
 AI helps prevents the spread of infectious or contagious diseases, which can be
passed on when animals are in close contact or share the same environment.
 The rate of genetic development and production gain can be increased, by using
semen from males of high genetic merit for superior females;
 It enables breeding between animals in different geographic locations, or at different
times (even after the male´s death);
 Breeding can occur in the event of physical, physiological or behavioral
abnormalities;
 AI is a powerful tool when linked to other reproductive biotechnologies such as
sperm cryopreservation, sperm sexing;
 cryopreservation, sperm sexing; endangered species
 One bull can be used to inseminate many cows
 Selective breeding is possible
Disadvantages:
 Some males shed virus in semen without clinical signs of disease (“shedders”).
 Some bacterial pathogens are resistant to the antibiotics in semen extenders or can
avoid their effects by forming bio-films;
 There has been a decline in fertility in dairy cattle and horses associated with an
increase in AI;
 The focus on certain individuals may result in loss of genetic variation.
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 Requires well-trained operations and special equipment.
 Requires more time than natural services.
 Improper cleaning of instruments and in sanitary conditions may lead to lower
fertility.
 If the bull is not properly tested, the spreading of genital diseases will be increased.
 Necessitates the knowledge of the structure and function of reproduction on the part
of operator.
Clean Up
 Before taking off breeding glove, remove the used sheath from the gun.
 Remove the glove starting at the top of the arm by turning it inside out as you remove
it. Release the remaining air from the glove and tie it off; trapping the manure and
used sheath inside.
 Re-check that the desired bull was used for the mating.
 Dispose of used glove in a proper location.
 Clean equipment and return to storage location.
 Maximal conception is obtained when cows are inseminated between mid-estrus and
the end of standing estrus, with good results up to 6 hours after estrus.
 Success in insemination timing is dependent upon a good heat detection program. In
large herds, this means assigning individual responsibility for heat detection and a
continued education program for labor.
 A successful heat detection program and subsequent proper timing of insemination
will pay dividends in increasing reproductive efficiency.
INSEMINATION METHODS
1. Recto vaginal method
 In cattle the safe and best method of insemination is “Recto vaginal method of
insemination”.
 The inseminator will insert the gloved left hand into the rectum after applying the
soft soap or other lubricant on the glove and back racked the animal, and the hand is
further inserted and will catch hold the cervix through rectal wall. The A.I gun loaded
with semen straw is passed.
2. Speculum method
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 In this method speculum is placed in the vagina of the cow, which provides passage
outside to the site of insemination, then inseminating tube is passed through the
speculum and semen is deposited at the cervix insemination method.
3. Vaginal method
 Hand is passed through the vagina and the inseminating tube is guided by hand to
the site of insemination and semen is deposited. Here there is a risk of contamination
and injury of female genitalia
Recommended timing for AI
Embryo Transfer (ET) in Livestock Development:
 Embryo Transfer is a technique that allows the transfer of embryos from genetically
superior females (donor females) to recipient females, which carry the pregnancy to
term. ET offers several benefits in livestock development:
 Rapid Genetic Progress: ET allows breeders to produce multiple offspring from
genetically superior females, thereby increasing the dissemination of desirable traits
in a shorter time period.
 Preservation of Genetic Material: ET enables the preservation of valuable genetic
material from animals that may be culled or lost due to various reasons such as death
or injury.
 Overcoming Reproductive Limitations: ET can help overcome reproductive
challenges in females with fertility issues or poor reproductive performance. It allows
breeders to bypass these limitations and still obtain offspring from these females.
Methods of Embryo Transfer (ET):
 Superovulation: Donor females are administered hormones to stimulate the
production of multiple eggs during their estrous cycle. This increases the number of
viable embryos available for collection.
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 Embryo Collection: After superovulation, embryos are collected from the donor
female's reproductive tract using nonsurgical or surgical techniques. Nonsurgical
methods involve flushing the uterus, while surgical methods require a minor surgical
procedure.
 Embryo Transfer: The collected embryos are then transferred into the reproductive
tracts of synchronized recipient females, where they develop and result in pregnancy.
The transfer can be done nonsurgically or surgically, depending on the species and
availability of resources.
Assisted Reproduction Technology
Assisted reproductive technologies (ART), by the American Center for Disease Control
(CDC) definition, are any fertility-related treatments in which eggs or embryos are
manipulated.
Assisted reproductive technologies (ART) have been successfully used to alleviate fertility
issues in humans and to improve farm animal genetics. ART adoption has risen dramatically
in recent years, and this trend is projected to continue.
1. Embryo Transfer
 Also called as Multiple Ovulation and Embryo Transfer (MOET) Technology, is
used to increase the reproduction rate of superior female dairy animals. Normally,
one can get one calf from a superior female dairy animals in a year. But by using
MOET technology, one can get 10-20 calves in a year from a cow/buffalo.
 An elite cow/buffalo is administered hormones with FSH-like activity to induce
super-ovulation. Under the influence of the hormone, the female produces several
eggs instead of one egg produced normally. The super-ovulated female is
inseminated 2-3 time at 12 hour interval during estrus and then its uterus is flushed
with a medium 7th day post insemination to retrieve the developing embryos.
 Embryos are collected along with flushing medium in a specialised filter and the
quality of embryo is assessed under the microscope.
 Good quality embryos either frozen and preserved for transfer in future or transferred
fresh into recipient animals approximately seven days post heat date. Thus, from an
elite dairy animal several calves can be produced in a year.
2. In- Vitro Fertilization (IVF) Technology
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 Using this technology, embryos are produced under in vitro condition i.e. inside the
laboratory instead in a womb/ uterus.
 Oocytes are aspirated from the ovarian follicles non-surgically by an ultrasound-
guided aspiration device through the vaginal wall. A vacuum system is used to
recover the contents of follicles.
 Once follicles are aspirated from ovaries, the aspirated follicular fluid and ovum
pick-up medium is passed through an appropriate filter to remove excess fluid, blood
and cell debris. Then the fluid is poured in a petri dish and oocytes are searched under
the microscope. Oocytes are selected based on the cumulus cell layers for further
processing.
 The selected oocytes are washed and incubated inside the specialized CO2 incubator
in vitro maturation medium for 20-22 hours. This process is called in vitro maturation
(IVM). After 20-22 hours, oocytes are again assessed under the microscope for
quality of maturation.
 Then the matured oocytes are incubated with the processed sperms in in vitro
fertilization medium for 18 hours in the same incubator. This process is called in
vitro fertilization (IVF).
 The resulted presumptive zygotes, after denudation and washing incubated in in vitro
culture medium in a specialised mix gas incubator for seven days from IVF. This
process is called in vitro culture (IVC).
 Similar to traditional embryo transfer programmes, the quality of embryos is assessed
under the microscope and good quality embryos are either frozen or transferred into
suitable recipient/surrogate animals that were in estrus seven days ago.
3. Sexed Semen Technology:
 Semen having either X or Y bearing sperm to produce progenies of a desired sex i.e.
female or male is known as sexed semen. The technologies presently available are
capable to produce sexed semen with 80-90 per cent accuracy.
 By adopting this technology dairy farmers can produce progenies of desired sex and
abate the menace of unwanted stray male animals.
 Full potential of this technology can be appreciated if combined with IVF for
production of sexed embryos as oocytes from multiple donors can be fertilised using
single sexed semen doses.
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