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Reproductive biotechnology is one of  the options which have a role in the improvement of  livestock. It is a technology that 
improves livestock production by improving the reproductive insufficiency of  the animal through different techniques. These 
are artificial insemination (AI), cloning, estrus synchronization, embryo transfer (ET), transgenesis and in vitro fertilization. These 
techniques are very important techniques to advance livestock production and to meet the people’s demands now-a-day. These 
reproductive biotechnologies have a dramatic effect on the world’s economy through the improvement of  livestock genetics, pre-
venting disease, facilitate transportation, keeping endangered animals and reducing economic loss. Artificial insemination in ani-
mals was originally developed to control the spread of  disease, avoiding the transport of  animals with potential pathogens to other 
animal units for mating and avoiding physical contact between individuals. The use of  semen extenders containing antibiotics also 
helped to prevent the transmission of  bacterial diseases. AI is broadly used in developing countries including Ethiopia. Even if  
reproductive biotechnologies are effective to change livestock production status of  the countries, they are not applied routinely 
due to the presence of  different challenges. Therefore, this review highlighted the major reproductive biotechnology options and 
their roles in the improvement of  livestock production.
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INTRODUCTION 

Keeping livestock is an important risk reduction strategy for 
vulnerable communities, and livestock are important provid-

ers of  nutrients and traction for growing crops in smallholder sys-
tems.1 In developed countries, livestock accounts for more than 
half  of  agricultural production, while in developing countries the 
share is about one-third.1 Livestock products contribute 17% to 
kilocalorie consumption and 33% to protein consumption world-
wide, but there are large differences between developed and devel-
oping countries.2

 The public consumption of  animal products increases 
from time-to-time, for example, meat and milk are projected to 
grow at 2.9% and 2.7% per annum respectively, between the late 

1990 to 2020. This ‘livestock revolution’ is also expected to result 
in increase in demand for pork (60%), poultry meat (80%) and 
red meat (50%) by 2020, with developing countries accounting 
for two-thirds of  global meat consumption and more than half  
of  global milk consumption. The trends in consumer demand for 
livestock products are driven primarily by growth in the human 
population, increases in income and urbanization and associated 
changes in consumption patterns.3 

 Reproduction is the backbone of  animal production and 
productivity is the key to development. Reproductive inefficiency 
is one of  the most important causes of  economic losses in animal 
industries and it is realized throughout the world. Despite the re-
markable advancement that has been made in the field of  repro-
ductive physiology in recent years, infertility due to low conception 
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rate and high embryonic mortality rate remains a major problem.4

 To meet future needs and to be able to sustain agricultur-
al production, agricultural research and its applications need to use 
all emerging technologies one of  which is modern reproductive 
biotechnologies.5 Thus, various assisted-reproductive techniques 
have been developed and refined to obtain a large number of  off-
spring from genetically superior animals or obtain offspring from 
infertile (or subfertile) animals in addition to disease control.6,7

 Reproductive biotechnologies intend to be used routinely 
to shorten generational intervals and to propagate genetic material 
among breeding animal populations. To achieve this goal, repro-
ductive technologies have been developed in generations over the 
years, namely artificial insemination (AI), embryo transfer (ET), 
manipulation of  fertilization in vitro (IVF), cloning and transgen-
esis.8 These, together with sperm separation techniques, including 
that of  selection of  spermatozoa for chromosomal sex (commonly 
named sex-sorting) all face today a strong wave of  increasing com-
mercialization.9 Hence, this review paper highlighted the reproduc-
tive biotechnology options and their roles in the improvement of  
livestock production.
 
ROLES OF REPRODUCTIVE BIOTECHNOLOGY IN ANIMAL 
PRODUCTION 

Biotechnology is defined as a technique that uses living organ-
isms to make or modify and improve products. The emergence 
and development of  reproductive technologies have been driven 
by the economic gain offered by the potential increase in the 
number of  offspring from genetically superior animals or simply 
to safeguard the genetic pool of  infertile or sub-fertile animals. In 
other words, reproductive technologies were developed to offer 
possibilities for wider use of  superior germplasm.10,11

 In recent times, there has been increasing challenges for 
increasing productivity and disease with altering climate. Advent 
and use of  modern reproductive technologies have opened many 
avenues to study, treat and manipulate the reproductive phenom-
enon both in vitro and in vivo to improve reproductive perfor-
mance in various domestic species of  livestock.12

 In cattle, estrus synchronization and AI can be used to 
maximize the reproductive potential of  cows by incorporating 
superior genetics into their operations. The use of  estrus syn-
chronization timed AI protocols is beneficial to many farmers 
since it reduces the time and labor required for estrus detection. 
It also minimizes the frequency of  animal handling.13

 Assessing the fertilization capacity of  sperms, sexing 
sperms, synchronization and fixed-time insemination, superovu-
lation, ET and in vitro embryo production are additional tech-
niques that can improve reproductive efficiency and pregnancy 
rates. Reproductive technologies can also be used to control re-
productive diseases if  procedures and protocols are accurately 
followed. The main objectives of  using reproductive biotech-
nologies in livestock are to increase production, reproductive ef-

ficiency and rates of  genetic improvement.1,14

THE FIRST THREE GENERATION OF REPRODUCTIVE 
BIOTECHNOLOGIES

Estrous synchronization and AI are reproductive management 
tools that have been available to beef  producers for over 50-years. 
Embryo transfer is generated in 1975 next to artificial insemina-
tion and estrous synchronization.15,16

Artificial Insemination

Artificial insemination (AI) has been defined as a process by 
which sperm is collected from the male, processed, stored, and 
artificially introduced into the female reproductive tract for the 
purpose of  conception by using means other than sexual inter-
course or natural insemination.17 

 Artificial insemination (AI) is used as a tool to enhance 
production efficiency in cattle and the successful use of  AI as 
a means of  animal breeding relies upon three major premises: 
firstly, that spermatozoa can survive outside the body; secondly, 
that they can be reintroduced into the female genital tract in a way 
that results in an acceptable conception rate; and thirdly, that the 
fertile period of  the female can be identified.18,19

 The timing of  insemination is important as it can af-
fect pregnancy rate which is correlated with estrus, ovulation, and 
rates of  fertilization. The potential to pass high genetic merits of  
a selected male to thousands of  females makes this a far more 
efficient technology for producing large numbers compared to 
female based technologies, such as embryo transfer, which can 
only produce a few progenies from a selected female.20,21

Techniques and application of artificial insemination: Semen is 
usually collected from bulls by the use of  an artificial vagina or by 
electroejaculation. Semen collected by electroejaculation is often 
more dilute and may appear to be less motile than that collected 
by artificial vagina, although total sperm per ejaculate and sperm 
viability should be essentially similar assuming the electroejacula-
tion collection has been successful and complete. Initial assess-
ments require live sperm motility and should be done as quickly 
as possible after collection.22

 Vaginal insemination the simplest method that could 
result in the lowest conception rate. The best method is insemi-
nated via the insertion of  “straws” in the vagina and through the 
cervix of  animals in estrus and the cervix is therefore open and 
receptive. During insemination, one hand up the rectum and ma-
nipulating the cervix to help insertion of  the insemination gun. 
Artificial insemination should be timed as close as possible to 
ovulation, preferably within 12 to 24-hours before ovulation.23,24

 Artificial insemination offers several potential advantag-
es over natural service, of  these, the reason most commonly ad-
vocated is as a means of  genetic improvement and others include 
cost-effectiveness, disease control, safety breeding, flexibility and 
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fertility management.25 Genetic progress in cattle can be increased 
up to 50% through the application of  AI, the first-generation bio-
technology, using either extended semen that has been preserved 
in liquid form (fresh, or cooled to 5 °C) or deep-frozen.26 

 Both artificial insemination and embryo transfer im-
prove breeding that increases milk yield which is not accompa-
nied by improved health and proper nutrition can be realized at 
the expense of  reduced fertility in dairy cows. Periods of  stress 
due to inadequate nutrition or high milk yield reduce the inten-
sity of  estrous signs by affecting the endocrinology of  behavior 
and ovarian function and compromise the outcome of  AI or ET. 
Besides, venereal diseases have a great impact on AI regarding 
genetic improvement.27,28 

Estrus Synchronization

Estrus detection is crucial and important for estrus synchroniza-
tion and needs a good husbandry practice of  cow. Thus, estrus 
synchronization is an alternative strategy to bypass the critical 
problem of  estrus detection. Estrus synchronization is the pro-
cess of  bringing female animals to the heat state of  those having 
preovulatory follicular activity using hormonal interventions that 
increases the probability of  estrous detection and helps for timely 
insemination to increase conception rate.29,30 

 Synchronization of  estrus in cows is feasible by either 
curtailing or extending the length of  estrus cycle, which can be 
maintained based on two principles; first one is using in-situ luteo-
lytic agent (prostaglandin) that induces luteolysis of  corpus lu-
teum (CL) and exogenous administration of  such agents mimics 
premature luteolysis and hence results in shortening of  diestrus 
phase of  estrus cycle; whereas, the second principles is lengthen-
ing of  diestrus phase through maintenance of  CL in terms of  
progesterone production which determines the length of  diestrus 
phase (Figure 1). Hence, with the administration of  progesterone 
hormone, the diestrus phase can be extended.31

Role of Estrus synchronization: The synchronization program is 
one of  the strategies for improving pregnancy rates in the mod-
ern beef  and dairy industry that improves reproductive perfor-
mance. This method provides breed with a high percentage of  
the females in a given group of  heifers or cows in a short pe-
riod of  time, using either artificial insemination or natural ser-

vice using bulls.32 Through effective application, it is possible to 
accomplish a greater number of  calves with improved quality 
are obtained. Besides, effective synchronization facilitates estrus 
detection which is important for the application of  artificial in-
semination.13,33 

Embryo Transfer

Embryo transfer is a process by which an embryo is collected 
from a donor female and then transferred into a recipient female 
where the embryo completes its development. It is the most com-
monly used biotechnology after artificial insemination and estrus 
synchronization. Embryo transfer is profitable for producers of  
pure-bred animals and genetically superior female that produces 
more offspring than she could by natural reproduction. It is also 
used in several species of  domestic animals including cows, hors-
es, goats, and sheep.34,35 

 Embryo transfer is very expensive and many of  the ba-
sic procedures were established some years ago. Consequently, 
little academic research currently is being conducted that is likely 
to immediately benefit the commercial industry. Because success 
rates in well-managed cattle herds are generally quite high, most 
recent improvements involve rather small, albeit important, incre-
ments.36 During embryo transfer, the animal should pass through. 
Some procedures starting from (i) Selection and preparation of  
donors, (ii) Collection of  embryos, (iii) Handling, evaluation, and 
storage of  embryo, (iv) Selection and preparation of  recipients 
and (v) Practical embryo transfer.37,38

Selection and Management of Donor and Recipient Cow

The selection of  superior genetic or phenotypic animals has been 
the basis of  the donor selection since ET’s in-ception. Genetic su-
periority animals that contribute to the genetic objectives of  the 
program and the likelihood of  producing large numbers of  usable 
embryos are the two broad criteria for selecting donor cows for 
most embryo transfer programs.39,40 In fact, selecting the male is 
usually more important than selecting the donor female because 
males will normally be bred to many females and can be selected 
more accurately than females. Like-wise, it is necessary to select 
fertile bulls and fertile semen which makes it especially important 
to use high-quality semen. Donors are located either on the farm 
under production conditions or at an embryo transfer cen-ter, 
frequently under intensive management. Keeping donors on the 
farm is usually the less expensive alternative.7,14  

Selection and Management of Recipient

One of  the most important yet underappreciated aspects of  a 
successful ET program is the recipient. Cows that are reproduc-
tively sound, that exhibit calving ease, and that have good milking 
and mothering ability are recipient prospects. They must be on a 
proper plane of  nutrition. These cows also must be on a sound 
herd health program. Proper recipient herd management is criti-
cal to ET success and this requires a fundamental understanding 
of  the recipient selection, nutrition, estrus synchronization, dis-

Figure 1. Superovulation Schedule Using CIDRs and GnRH. PGF2α, Prostaglandin 

Adapted from Phillips PE39
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ease management, and marketing.7,41 

Synchronization of Recipient

To maximize embryo survival in the recipient female following 
transfer, conditions in the recipient reproductive tract should 
closely resemble those in the donor. This requires synchroniza-
tion of  the estrous cycles between the donor and the recipients, 
optimally within one day of  each other. Synchronization of  the 
recipients can be done in a similar manner and at the same work-
ing time as the donor cows.37,39 Recipients synchronized with 
prostaglandin F2α (PGF2α) must be treated 12 to 24-hours be-
fore donor cows because PGF2α-induced estrus will occur in re-
cipients in 60 to 72-hours14 and in superovulated donors in 36 to 
48-hours. Synchronizing products are more effective on recipient 
females that are already cycling (Table 1).41

Superovulation of Donor

Superovulation refers to the release of  many oocytes (eggs) dur-
ing a single estrus period.6 Once the donor cow is selected, the 
first step is to superovulate or produce multiple ova (eggs) for 
simultaneous fertilization and subsequent collection. Initially, the 
donor female is treated with a gonadotropin hormone called fol-
licle-stimulating hormone (FSH). This hormone is administered 
twice daily for four days in the range of  eight to fourteen days 
while a functional CL is on the ovary. A PGF2α injection given on 
the fourth day of  the treatment schedule will cause CL regression 
and estrus to occur approximately 48-hours later. As a result of  
treatment, multiple follicles should be developed on the ovaries 
of  the donor. Multiple numbers of  eggs will be released at estrus, 
one from each follicle.43

General Procedure

The actual embryo transfer process is similar to the method used 
for artificial insemination, except that the transfer gun is passed 
well up the uterine horn ipsilateral to the CL. The donor may be 
inseminated naturally or artificially and embryos will be collected 
non-surgically six to eight-days after breeding. Following collec-
tion, embryos must be identified, evaluated and maintained in a 
suitable medium prior to transfer. At this point, they may also be 
subjected to manipulations, such as splitting and sexing, and may 

be cooled or frozen for longer periods of  storage.44,45

OTHER REPRODUCTIVE BIOTECHNOLOGIES

Cloning

Cloning refers to producing genetically identical individual to do-
nor cells and copying gene, that involves the creation of  an animal 
or individual that derives its genes from a single other individual; 
it is also referred as “Asexual reproduction”. Embryo splitting 
and nuclear transfer are methods of  cloning, where an embryo is 
splitting in the maturation soon after fertilization of  the egg by 
the sperm before embryo transfer. It is optimally performed at 
the 6-to 8-cell stage, where it can be used as an expansion of  IVF 
to increase the number of  available embryos.46

 Cloning can be used along with other forms of  assisted 
reproduction to help preserve indigenous breed of  livestock, that 
have production trial and adaptability to local environments that 
should not be lost from the global gene pool. It also enables the 
rapid dissemination of  superior genotypes from nucleus breeding 
flock and herds, directly to commercial farmers. Cloning technol-
ogy has the potential to stimulate the development of  the animal 
biotechnology industry in many countries of  the world, as well 
as provide conservationists with an additional tool to assist with 
conserving critically endangered wildlife species.47-49

Sex Determination

Sex determination of embryo: The sexual differentiation of  the 
embryo is determined by the presence or absence of  elements 
normally located on the Y-chromosome. Some of  the techniques 
employed commercially for the embryo sexing are chromosomal 
analysis of  demi-embryos, immunological detection of  embry-
onic H- Y antigen, use of  Y-specific probes, Fluorescence in situ 
hybridization, rapid sexing method for preimplantation embryos 
of  bovine using loop-mediated isothermal amplification (LAMP) 
reaction and ultrasonic examination of  fetal structures.50

 Predetermination of  the sex of  offspring provides a 
greater number of  males or females and helps in the selection 
of  individuals with top genetic makeup for improvement in next-
generation.51 Known sex of  embryos produced for use in ET 
programs can more effectively help to manage producer resourc-
es because more heifer calves per ET can be produced. Semen 
sexing can be used in IVF and AI programs.50,52

Sex determination of semen: Semen sexing is the process of  
separating spermatozoa into two subpopulations containing X-
chromosome and Y-chromosome bearing spermatozoa. Sexing 
spermatozoa for directed production of  offspring of  a desirable 
sex by use of  modified flow cytometric cell sorting of  fluorescent 
dye loaded living spermatozoa. Cattle have about 3.8% differenc-
es in deoxyribonucleic acid (DNA) contents between their X and 
Y-chromosome bearing spermatozoa, a difference large enough 
to allow successful sorting. This technique involves the separation 
of  X- and Y- bearing spermatozoa in small quantities based on 

Table 1. The Synchronization Protocol Used in Recipient Animals

Days in 
Sequence

Time of the 
Day Activity 

1 8.00-10.00 AM Inject 20 ml multivitamine 

7 8.00-10.00 AM Insert CIDR device+2 ml ciderol

12 8.00-10.00 AM Inject Estrumate

14 8.00-10.00 AM Inject Estrumate

15 8.00-10.00 AM Remove CIDR device

16 8.00-10.00 AM Observe heat

24 8.00 AM-5.00 PM Transfer

CIDR=(Controlled Internal Drug Release device) 
Source: Data from the Ongubo et al42
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the DNA content of  the spermatozoa.9

 Sperm sexing technology (SST) will enable the produc-
ers of  livestock to predetermine the sex of  offspring prior to 
conception, thereby maximizing productivity, profitability, and 
genetic potential. In virtually every sector of  commercial animal 
breeding, there is a clear preference for one sex over the other. 
The sexed sperm can be utilized for AI or for in vivo and in vitro 
embryo production.53

Transgenesis

A transgenic animal is one that carries a foreign gene that has 
been deliberately inserted into its genome. It is the one that has 
been genetically altered to have specific characteristics it other-
wise would not have. Transgenic animals are genetically modified 
to contain a gene from a different species following gene trans-
plantation or resulting from the molecular manipulations of  en-
dogenous genomic DNA. The new gene is inherited by offspring 
in the same way as the organism’s own genes.54 There are different 
methods of  transgenesis such as DNA microinjection,55 DNA 
transfer into gametes,56 DNA Electroporation.57

 Transgenic farm animals can be used both in breeding 
and biomedicine. In breeding, transgenic individuals produced are 
equipped with disease resistance and improved quantitative and 
qualitative traits. Transgenic cows producing milk of  increased â-
caseine and ê-caseine content. An important achievement was the 
production of  transgenic cows resistant to mastitis. Researches 
are going on for the production of  environment-friendly trans-
genic individuals or using such animals in basic studies as a model 
to understand various physiological processes in farm animals 
and humans.58,59

 
In vitro Fertilization (IVF)

The fertilization of  the sperm and the egg is conducted in vitro 
at specific environmental and biochemical conditions. With IVF, 
a technician removes unfertilized eggs (oocytes) from the donor 
cow’s ovaries, usually recovering 6-8 useable oocytes. The oocytes 
mature in an incubator and are fertilized with sperm. The result-
ing zygotes incubate and develop in the laboratory before being 
placed into the recipient cow.34 

 In vitro fertilization of  the oocytes is usually carried out 
following 24-hour maturation in the IVM medium. Surrounding 
cumulus cells are removed by gentle pipetting and washing in 
fertilization medium and groups of  40-50 oocytes are placed in 
4-well dishes in 500 µl of  synthetic oviductal fluid covered by 200 
µl of  mineral oil.60

 Motile sperm are obtained by centrifugation of  frozen-
thawed semen in the percoll gradient (45%/90%) at 500 grams 
for 10-minutes at room temperature. Percoll gradient separation 
of  spermatozoa seems to be an effective means of  yielding motile 
sperm from frozen-thawed semen. Although 17-hour coincuba-
tion is practiced in IVF, it has been shown that even 4-hour co-
incubation was enough to obtain acceptable cleavage and blasto-

cyst rates in sheep. Further application of  IVF in obtaining sex 
pre-determined offspring will be an advantage for the livestock 
industry.61,62

CONCLUSION AND RECOMMENDATION

Reproductive Biotechnology is modern and recent technological 
techniques that use biological systems and organisms to develop, 
modify and increase quality products. The application of  bio-
technology offers numerous advantages to livestock production 
through enhancement and control of  reproductive processes in 
animals. It is within this scope that the reproductive biotechnol-
ogy techniques have contributed tremendously to the satisfaction 
of  the increasing demands of  the modern dairy and beef  indus-
tries. 

 Many producers are now familiar with more advanced 
methods of  reproductive biotechnologies to enhance reproduc-
tive efficiency, which further adds potential economic efficiency 
to cattle industries. These are artificial insemination, cloning, es-
trus synchronization, embryo transfer, transgenesis and in vitro 
fertilization. Artificial insemination is the broadly used technolo-
gies in the genetic improvement of  animals and preventing ani-
mal diseases in developed and developing countries. 

 The other biotechnologies also have different roles 
through preserve extinct animal gametes, reducing costs, control-
ling the natural behavior of  animals, producing of  very impor-
tant breed in a short time and controlling reproductive diseases 
if  procedures and protocols are accurately followed. These tech-
nologies have a great role in improving the dairy and beef  indus-
try. Besides, developing countries should be familiarized with the 
technologies which help them to advance their dairy industries by 
improving both the quality and quantity of  products with good 
practices in animal husbandry and management (Figure 2).
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