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Abstract

This review examines strategies for advancing beef cattle breeding in Tanzania,
analysing historical and current practices, and proposing future directions.
Historically, cattle breeding efforts began in 1905, with an initial focus on ani-
mal husbandry and disease research. Later work emphasized cattle breeding
and established a central registry in 1951. Post-independence, Artificial Insem-
ination (AI) services were introduced, but faced challenges including funding
shortages and centralized services. Currently, although Al is the most used As-
sisted Reproductive Technology in Tanzania, its adoption remains limited due
to centralized services, lack of skilled technicians, and high costs. The domi-
nant use of natural mating, particularly with untested bulls, contributes to poor
fertility and inbreeding among indigenous breeds like the Tanzania Shorthorn
Zebu, which constitutes 95% of the cattle population. To improve the beef cat-
tle breeding system, strategic investments are vital. These should include es-
tablishing nucleus breeding herds, implementing performance recording and
genetic evaluation systems, improving Al and Embryo Transfer infrastructure,
and exploring genomic selection technologies. Addressing feed and nutrition
through improved pasture, dry-season supplementation, and feed processing
technologies is also crucial. Furthermore, strengthening animal health pro-
grams, upgrading breeding facilities, implementing livestock identification sys-
tems, and building capacity through training and extension services are neces-
sary. Policy interventions, financial incentives, and value chain development
would further enhance the sector’s growth, promoting sustainable practices
and improving farmer livelihoods.
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1. Review Methods

This review systematically examined strategies for advancing beef cattle breeding
in Tanzania. The search encompassed literature published up to the present, with
a historical focus starting from 1905. Databases searched included Web of Science,

Google Scholar, and Scopus. The search terms employed were related to “beef cat-

» « » « » «

tle breeding,” “Tanzania,” “artificial insemination,” “assisted reproductive tech-
nologies,” and “genetic improvement.” Inclusion criteria focused on studies and
reports detailing past and current practices, challenges, and future directions in
Tanzanian beef cattle breeding. Exclusion criteria focused on studies and reports
not detailing past and current practices, challenges, and future directions in Tan-
zanian beef cattle breeding were applied to ensure the relevance and focus of the

selected literature.

2. Cattle Breeding and Research in Tanzania: A History

2.1. Pre-Independence Era

Modern cattle breeding started in Tanzania in 1905 whilst Tanganyika was a Ger-
man colony. At that time, the Mpwapwa district of the Dodoma region (6°20'54"S
36°29'12"E) was selected to be the centre for veterinary activities in Tanganyika
and to undertake research on animal husbandry and diseases [1]-[3]. The pres-
ence of mixed tropical (ie. arid and semi-arid areas) and temperate climatic con-
ditions within the district was one of the key drivers for the establishment of the
Livestock Veterinary Centre in the town of Mpwapwa, with farms established at
Ilolo (pasture research farm), Vianze, Mjitu, Chibwe-Changula (breeding tropical
animals), Kiboriani (breeding temperate animals) and a main office at Kikombo
[4].

Another driver was that both Koch and Theiler had undertaken research on
East Coast Fever (ECF) in the area [5]. This ECF research stimulated animal dis-
ease research, particularly on tick-borne diseases within Tanganyika, and led to
the construction of the first cattle dip in the entire East African region at Kikombo
in 1907. Research at the Livestock Veterinary Centre ceased during the First
World War (1914-1918) but, then, after the British took over Tanganyika, re-
search was restarted and revitalised. Except for another break from the Second

World War, the Livestock Veterinary Centre was an active research centre for

DOI: 10.4236/0alib.1115171

2 Open Access Library Journal


https://doi.org/10.4236/oalib.1115171

K. T. Kabuni et al.

Tanganyika until independence in 1961 with British and European scientists un-
dertaking a range of research there. These included Dr. H. M French, who was
actively involved in animal breeding and husbandry research, and Drs. CJ] Buckley
and HG Hickson, who researched animal breeding. There was a considerable fo-
cus on cattle breeding. In 1951, the Central Livestock Registry was established to
store records for all the livestock on all farms owned by the British colonial gov-
ernment. This registry, alongside the distribution of improved animals to govern-
ment livestock farms and individual livestock farmers, gave an impetus to co-or-
dinated breeding programmes for cattle and other livestock species across Tan-

ganyika.

2.2. Post-Independence Era

Tanganyika became independent in 1961. That was the same year that liquid ni-
trogen-based Artificial Insemination (AI) services were introduced, for the first
time, into the Northern Zone of Tanganyika (primarily in the Kilimanjaro and
Arusha regions). The intention for the introduction of Al services was to improve
reproductive performance and productivity of dairy cattle. The AI service centre
was based at the Tengeru Livestock Training Institute in Arusha, with Tengeru
acting as both an Al service provider and a training centre for Al technicians.
However, in the middle of the 1960s, the AI programme failed, due to insufficient
funds and the lack of support from the government.

In 1967, Al services were re-introduced at Mpwapwa Research Centre, but this
time using ambient temperature, rather than cryopreserved, semen. In 1968, Al
services using frozen semen re-started, following the installation of a liquid nitro-
gen plant in its Animal Biotechnology Laboratory. Bulls of different breeds (dairy,
beef and dual purpose) were kept at the centre for semen production for the Al
service. However, in 1973, semen production activities at Mpwapwa were shifted
to the newly developed National Artificial Insemination Centre (NAIC) at Usa
River in Arusha [6]. This remained the sole site of frozen semen for Al in Tanzania
until 2018, when the Tanzania Livestock Research Institute, with government sup-
port, refurbished its Animal Biotechnology Laboratory at Mpwapwa, by re-equip-
ping it with equipment necessary for semen and embryo collection, processing,

packaging, storage and utilisation.

3. Current Use of Assisted Reproductive Technologies in the
Tanzanian Cattle Breeding System

Assisted Reproductive Technologies (ARTs) are modern reproductive technolo-
gies developed with a focus of enhancing animal productivity [7]-[9] through im-
proving reproductive performance and enhancing genetic improvement [10]-
[13]. The use of these technologies, especially in high-income countries, has pos-
itively contributed towards the transformation of the livestock sector and to food
security. However, the only commonly used ART in Tanzania is AI; which may

be accompanied by oestrus synchronisation, especially on large-scale public and
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private farms [14]-[16]. The use of MOET, sexed semen, in vitro embryo produc-
tion (in vitro maturation (IVM), in vitro fertilisation (IVF), and in vitro culture
(IVQ)), trans-vagina ovum pick-up (OPU) and cloning in Tanzanian cattle are all
exceedingly rare, to the extent that, other than Al, these procedures can best be
described as being “in their infancy” in Tanzania. Natural mating is still, by far,
the most common breeding method used by smallholder farmers. This signifi-
cantly limits genetic improvement and, because the vast majority of breeding bulls
are neither proven nor tested, results in an increased risk of venereal disease and
a likely risk of inbreeding within a herd. These issues then lead to an increased
incidence of infertility, poorer reproductive performance and reduced productiv-
ity.

Even the use of Al as a method of breeding cattle in Tanzania has always been
limited [17]. The reasons for this are: primarily due to the centralisation of Al
services at the NAIC in Arusha [15] [18]. This centralisation also resulted in a
small number of trained Al technicians in the country, which further impedes the
utilisation of AI services (Figure 1), outside of the northern regions of Arusha,

Kilimanjaro and Tanga [19].
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Figure 1. National Artificial Insemination Centre in Tanzania (NAIC) production trends and distribution of semen doses by breed
between 2000 and 2016 (adapted from [19]).

The majority of inseminations are undertaken using semen from imported

dairy cattle breeds (Holstein-Friesian, Ayrshire and Jersey; Figure 1), with much
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lower usage of in beef/dual purpose breeds (Boran, Sahiwal, Mpwapwa and Sim-
mental). The pattern of use of Al, and the regions in which it is used are reflected
by the location of the dairy industry in the northern part of the country (Z.e. where
the climate is temperate: [20] [21]: Figure 2) and in the highland zones in the
southern part of the country (again, where a temperate climate permits dairy
farming). The pattern of breeds used in AI similarly reflects that the majority of

inseminations are in dairy cattle.
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Figure 2. Adoption of Artificial Insemination (AI) technology in Tanzania based on dis-
tribution of semen doses from 2012-2016 (adapted from [19]).

Alongside the centralisation of Al services and the lack of skilled Al technicians,
the high cost of Al services (compounded by very low conception rates that are
achieved to Al and the consequent need for subsequent natural service or repeat
insemination) have also been major barriers to the uptake of Al technology. The
absence of sound herd fertility and health programmes [14] [15] [17] has also im-
peded the uptake of AL Consequently, the AI delivery system in Tanzania is not
currently meeting the production needs of the Tanzanian cattle industry. Alt-
hough there are ongoing efforts to improve this situation through the efforts of
non-governmental organisations (e.g. Land O’-Lakes Public Private Partnership
for Artificial Insemination Delivery (PAID) programme, which has a focus on in-
creasing the number of AI technicians), trans-national organisations (e.g. Inter-
national Livestock Research Institute (ILRI) African Dairy Genetic Gains pro-
gramme) and the Tanzanian government (e.g. upgrade of Mpwapwa Animal Bio-
technology Laboratory), further investment and development is required to ena-
ble effective and efficient utilisation of AI within the Tanzanian cattle breeding

system. There is little impetus for the use of other ARTs.

DOI: 10.4236/0alib.1115171

5 Open Access Library Journal


https://doi.org/10.4236/oalib.1115171

K. T. Kabuni et al.

4. Challenges Affecting Uptake of Assisted Reproductive
Technologies (ARTSs) in the Tanzanian Cattle Breeding
System

4.1. The Use of Indigenous Cattle Breeds

In Tanzania, as in most other East African countries, indigenous cattle breeds are
principally derived from Zebu cattle (Bos taurus indicus. B. indicus), rather than
Eurasian or African (Bos taurus taurus. B. taurus) cattle [22]. These indigenous
breeds predominate in the traditional pastoral and agro-pastoral systems of the
mixed tropical (Ze. arid and semi-arid areas) and temperate areas of the country
[14] [23]-[25]. The most important indigenous breed in Tanzania is the Tanzania
Shorthorn Zebu (TSZ), which accounts for 95% of the cattle in the country [26].
This breed has multiple strains, such as Singida White, Tarime, Sukuma, Chagga
and Iringa Red, many of which are rare and geographically confined [26]. Several
other Tanzanian breeds, which are principally derived from B. indicus also have
some B. taurus genetics (e.g. Mpwapwa, Ankole and Boran breeds: [14] [25] [26].

Tanzania Shorthorn Zebu and strains/crossbreeds derived from them generally
have slow growth rates, low mature weights, low milk yields and generally low
productivity [14] [15] [26]. Nevertheless, TSZ and related cattle supply 95% of the
beef and 70% of the milk consumed in Tanzania [26]. The low genetic merit of
the TSZ and related breeds is compounded by variable, and often-low, planes of
nutrition and shortages of water, all of which further depress cattle productivity
[26]-[28]. All of these factors also affect fertility by impeding the functionality of
the reproductive system [29]. Productivity is dependent on fertility [23] [24], so
the impact of these factors on fertility exacerbates and accentuates their direct ef-
fects on productivity. Addressing the challenges that affect the fertility of cattle
breeds in Tanzania is necessary for improving reproductive performance and for
improving productivity, sustainability and owner incomes.

In order to improve the reproductive performance in a system, baseline data on
current performance are needed [30]. However, whilst it is generally accepted that
B. indicus cattle characteristically show poor reproductive performance [24] [31];
there have been few published reports on the reproductive performance and fer-
tility of Tanzanian cattle breeds. The only published large-scale study of fertility
of TSZ in the literature is that conducted by [23] [24] at Gairo (36°45'E 6°30'S)
from 2001 to 2004 in three villages where cattle were usually grazed on communal
land during the day and kept in kraals during the night. The study area normally
gets rainfall of about 600 mm/year with ~90% falling between December and
April. Data were collected from 275 lactations from 177 cows. Pregnancy or cyclic
status was assessed every two weeks via transrectal palpation. They reported calv-
ing frequencies and the percentage of cows that were pregnant on a month-by-
month basis. Using the later data in comparison to an expected 90-day calving to
conception interval, they created an “expected percent pregnant” model. Com-
parison of the expected and actual data (Figure 3) highlights the underperfor-
mance of TSZ cattle.
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Figure 3. Expected proportion pregnant (based on monthly calving proportion and ~365-
day calving interval) compared to actual proportion pregnant (data from [23]).

One of the aims of developing the Mpwapwa breed cattle was to develop a Tan-
zanian-adapted breed that had better productivity and fertility than the TSZ. At
first at least, this was successful [2], but the performance of Mpwapwa cattle has
subsequently declined in terms of fertility as well as productivity. For example,
[32] in a study of prostaglandin use in Mpwapwa cattle, reported that of 100 un-
treated cattle only 49 became pregnant after natural mating during a 12 week

breeding season.

4.2. Dominant Use of Natural Mating

Natural mating is thus by far the most common method of breeding, especially
outside the main dairying areas, on farms where the main breeds are B. indicus
based, and on smallholdings. These bulls are very rarely tested either for disease
or breeding soundness, which almost certainly contributes to the generally poor
fertility of Tanzanian cattle [33]. Nonetheless, their use requires little input from
the farmer, whereas, especially for smaller farms, using any ART's (even AI) would
incur significant costs and would require significant changes in routine manage-

ment.

4.3. Infrastructure, Expertise, Breeding Policy and Breed
Associations

Because of the lack of support for their development, current ART-related infra-
structure and expertise is not sufficient to effectively and efficiently accommodate
even the current demand for Al in Tanzania [34]. Even for medium to large- scale
dairy farms, which are the main users of Al its use is strongly associated with
proximity to NAIC ([19]: Figure 2). To get Al to the majority of Tanzanian cattle
farmers (who are small scale pastoralists) would require significantly better infra-
structure and a substantial increase in the number of people with relevant exper-
tise. The government has developed a strategy towards doing so [35] but so far

with little obvious effect beyond the refurbishment of NAIC and re-equipping of
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the Animal Biotechnology Laboratory at TALIRI Mpwapwa. Further, having a na-
tionally coordinated livestock breeding policy, as well as active breed associa-
tions/societies, would provide valuable support for increasing the use of Al There
has been the potential of government support for such developments [35] [36],

but implementation has been lacking.

5. Advancing Beef Cattle Breeding in Tanzania

In cattle breeding, there is a clear distinction between Breeding Soundness Evalu-
ation (BSE) and performance testing, each serving different purposes in assessing
a bull’s reproductive potential. BSE is a comprehensive, veterinary-conducted as-
sessment focused on the physical and reproductive health of the bull, evaluating
physical soundness such as body condition, locomotion, and structural integrity;
genital health through visual inspection and palpation of the testes, penis, sheath,
and reproductive tract; semen quality via microscopic analysis or automated sys-
tems like CASA; and scrotal circumference, a heritable trait linked to sperm pro-
duction and puberty onset [37]. Its primary goal is to predict fertility, providing a
rapid, short-term result—usually within days—that reliably screens out sub-fertile
or sterile bulls, thereby safeguarding reproductive success [38]. Conversely, per-
formance testing measures growth traits such as weight gain, feed efficiency, and
carcass quality over time, often using systems like Breed plan that incorporate
multiple traits and heritability estimates; these tests are conducted under con-
trolled conditions, with results typically available after months or years, reflecting
the genetic contribution of the bull to progeny performance [39]. While perfor-
mance testing is crucial for long-term genetic improvement by identifying sires
that meet desirable benchmarks, it does not directly assess fertility. Performance
testing offers rapid, quantifiable results for traits like growth and carcass quality,
which can be quickly incorporated into selection decisions, but estimating the ge-
netic contribution to beef traits involves complex calculations and multi-genera-
tional data, making it a slow and challenging process, especially since environ-
mental factors can influence performance data and require adjustments [40]. In
contrast, BSE results are immediate and straightforward—either a bull passes or
fails based on physical and semen parameters—enabling timely decisions about
breeding suitability, although it only predicts fertility and not genetic potential for
growth or carcass traits [38].

In Tanzania’s beef systems, where natural mating with locally sourced, untested
bulls is common, leading to slow genetic improvement, these tools are crucial [41].
Applying BSE to communal or locally sourced bulls would involve veterinary
checks to ensure they are physically fit and fertile, quickly identifying and remov-
ing sub-fertile animals. This immediate screening is vital for improving fertility
rates in herds that primarily rely on natural service, complementing efforts to in-
troduce Al by ensuring the bulls used, whether for natural mating or as semen
donors, are reproductively sound.

The current beef cattle breeding practices in Tanzania heavily rely on natural
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mating, where farmers primarily use bulls bred on their own farms [41]. These
bulls often lack formal performance testing, meaning their genetic potential for
traits like growth rate and meat quality is largely unknown [42]. Consequently,
the genetic improvement of Tanzanian beef cattle herds is slow and inconsistent
[43]. Al a technology that allows for the widespread use of superior genetics, re-
mains underutilized in many regions [44]. This limited adoption of Al is due to
factors such as cost, accessibility, low conception rates coupled with repeat service
and a lack of awareness among farmers about its benefits [45]. Overcoming these
challenges and promoting the use of AI, alongside more rigorous bull selection
programs, is crucial for enhancing beef production and improving the livelihoods
of Tanzanian cattle farmers [46]. By advancing the use of modern breeding tech-
nologies such as AI, Tanzania can unlock the full potential of its beef cattle and
meet the growing demand for high-quality meat products [47]. This transition
would not only benefit individual farmers but also contribute to the overall eco-

nomic development of the country’s livestock sector [48].

6. Future Directions-Proposed Strategies

The Tanzanian cattle breeding system has plenty of investment opportunities, as
the government has created an enabling environment for both domestic and for-
eign investors in a so-called “win-win” situation [14] [15] [33]. Currently, there is
a significant demand for ART services, especially Al but this demand is unmet as
the available service providers are few and cannot satisfy the market. Resolution
of this problem is not, however, simple or based on a few strategies. Rather, based
on the challenges and opportunities within the Tanzanian beef cattle breeding sys-
tem, there are a broad range of investment areas necessary to underpin improve-

ment of its performance and efficiency (Table 1).

Table 1. Potential strategies for improving cattle productivity in Tanzania.

Area of improvement

Principal strategies Methodologies

Invest in establishing and maintaining nucleus breeding herds of improved

Establishment of nucleus  beef cattle breeds (both indigenous and exotic) at TALIRI centres and

breeding herds selected private farms. These herds will serve as heifer and bull banks of

superior genetics for dissemination to the wider farming community.

Implement comprehensive performance recording systems to track key

Performance recording and traits such as growth rate, carcass quality, reproductive performance, and

Genetic improvement
programs

Artificial Insemination (AI)
and Embryo Transfer (ET)
infrastructure

Genomic selection
technologies

genetic evaluation disease resistance. Use this data to conduct genetic evaluations and identify

superior breeding animals.

Invest in Al and ET infrastructure, including semen and embryo
production facilities, training of AI technicians, and provision of Al
services to smallholder farmers. This will accelerate the dissemination of
improved genetics.

Explore the use of genomic selection technologies to identify superior
breeding animals at a young age, reducing the generation interval and
accelerating genetic progress.
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Continued

Improved pasture and forage

Feed and nutrition

conservation technologies

production

Feed processing and

Invest in research and development of improved pasture and forage
varieties that are adapted to local environments and provide high-quality

nutrition for beef cattle.

Develop and promote affordable and effective dry-season feed
Dry season feed supplementation strategies, such as multi-nutrient blocks (MNBs) and
supplementation silage production, to mitigate the impact of feed scarcity on livestock

productivity.

Invest in technologies for processing and conserving feed resources, such as
haymaking, silage making, and feed pelleting, to improve feed utilization
and reduce wastage.

Disease surveillance and  Strengthen disease surveillance and control programs to prevent and

Animal health

Veterinary infrastructure
and services

control manage outbreaks of economically important diseases of beef cattle.

Invest in veterinary infrastructure and services, including diagnostic
laboratories, veterinary clinics, and training of veterinary personnel, to
provide timely and effective animal health care.

Vaccine production and  Support the local production and distribution of vaccines for key beef cattle

distribution diseases.

7. Implementation Roadmap for Advancing Beef Cattle
Breeding in Tanzania

This is a comprehensive, phased strategy designed to systematically enhance the
nation’s beef cattle sector. This roadmap clearly delineates responsibilities among
key stakeholders, including the Government, the Tanzania Livestock Research In-
stitute (TALIRI), National Artificial Insemination Centre (NAIC), Private AI Pro-
viders, and Farmer Organizations. The initial phase, encompassing near-term ac-
tions within the first two years, prioritizes the critical foundational elements for
progress. This includes a strong focus on strengthening the existing Artificial In-
semination (AI) infrastructure, ensuring it is robust and accessible. Concurrently,
significant effort will be directed towards enhancing performance recording and
data collection systems, which are vital for informed breeding decisions. Improv-
ing disease surveillance and basic animal health programs is also a key near-term
objective to safeguard herd productivity. Moving into the medium-term, span-
ning two to five years, the roadmap outlines more advanced strategies for genetic
improvement and technological adoption. A pivotal medium-term action in-
volves establishing nucleus breeding herds, which will serve as centers of excel-
lence for superior genetics. This will be complemented by the implementation of
robust genetic evaluation systems to identify and propagate the best breeding an-
imals. Furthermore, the roadmap emphasizes the expansion and optimization of
Al and Embryo Transfer (ET) services, making these advanced reproductive tech-
nologies more widely available. Integrating improved feed and nutrition strategies
is crucial for maximizing the genetic potential of the beef cattle. Finally, the me-
dium-term phase includes the development and implementation of supportive

policies and financial mechanisms to ensure the sustainability and widespread
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adoption of these advancements. Collectively, these near-term and medium-term
actions are designed to systematically improve beef cattle breeding practices
across Tanzania, ultimately leading to enhanced productivity, improved farmer
livelihoods, and a more robust national livestock sector.

By strategically investing in these key areas, Tanzania could significantly im-
prove the performance and efficiency of its beef cattle breeding system, leading to
increased livestock productivity, improved farmer livelihoods, and enhanced food
security.

Areas of investment that are more specific to AI uptake could strategically focus
on: 1) provision of sufficient and reliable AI delivery systems; 2) production and
distribution of high-quality fresh and frozen bovine semen; 3) production and
distribution of liquid nitrogen (LN) gas to stakeholders if cryopreserved semen is
to be used, 4) investing in capacity building to the AI service providers; and 5)
ensuring minimum levels of qualification (e.g. Certificate in Animal Health &
Production) for personnel involved in Al processes.

Of these strategies, the one that might yield the strongest immediate results is
the use of chilled or ambient temperature semen diluents, in preference to cryo-
preserved semen. Historically, such diluents have been associated with relatively

high conception rates, and relatively limited demands upon infrastructure.

8. Development of Non-Frozen Diluents for Bovine Semen

Preserving semen at ambient temperature or chilled to ~4°C has some advantages
over cryopreservation (—196°C), as it is a much cheaper technique of preserving
semen and requires much less expensive equipment and, hence, is much easier to
use in the field [49]. However, semen preserved at ambient temperatures cannot
be stored much beyond 3 - 4 days, which is a much shorter period than cryopres-
ervation [50], in which life span appears to be prolonged indefinitely. The length
of time over which cryopreserved semen can be stored and used is thus its main
advantage, which also helps in disease control as the semen can be quarantined
until the donor bulls are proven to be free of diseases transmissible via semen.
However, in addition to being expensive, time consuming and requiring signifi-
cant infrastructure, cryopreservation can adversely affect the function of sperm,
particularly in terms of swimming characteristics and the time-course of sperm
capacitation. Further, the semen of some bulls does not survive cryopreservation
very well [51]. In consequence, the dilution rates of semen for cryopreservation is
much less than for ambient/chilled diluents. For cryopreservation, semen is usu-
ally diluted to 80 - 100 x 10° sperm/mL (20 - 25 x 10° sperm/insemination dose),
whereas insemination doses for semen extended in Caprogen diluent can be as
low as 5 x 10° sperm/dose [52].

The earliest use of bovine semen in Al programs was based upon its dilution in
simple egg yolk-buffer extenders [44] [53]. Chilling semen to ~5°C slowed the
metabolic rate of sperm, such that, under optimal conditions, it could retain ade-

quate fertility for about 4 days. However, alternative methods were sought which
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improved the lifespan of store semen. Two main routes were followed: cryopres-
ervation, or improved inhibition of sperm metabolism without freezing.

Following the discovery of cryoprotectants (as viewed by [53]), cryopreserva-
tion soon became the preferred method of storing and disseminating bovine se-
men. Advantages of the method are: 1) indefinite lifespan, provided the frozen
state is maintained and 2) the ability to ensure that bulls remain disease-free be-
fore their semen is distributed through the Al network (WOAH Terrestrial Code).
Its main disadvantages are: 1) the need for relevant infrastructure (primarily the
ability to produce and store liquid nitrogen), the high loss of sperm during the
freezing/thawing process, necessitating limited dilution rates of ejaculates and 2)
sperm survival is highly variable between individual bulls. Hence, AI services
based on cryopreserved semen have been most widespread in developed econo-
mies, or, in developing economies, for the importation of semen from genetically-
improved sires.

Parallel research examined the feasibility of maintaining semen at ambient or
chilled (i.e. unfrozen) temperatures. Chilled extension relied solely upon temper-
ature to inhibit sperm metabolism, with the components of the diluent providing
volume, nutrients and buffering. Chilled extension requires less complex infra-
structure than cryopreservation, but still requires that reliable refrigeration can be
sustained under the field conditions of an AI service. Further research examined
the use of diluents that would maintain sperm viability under ambient tempera-
tures or with only modest temperature control. Such systems were based on the
use of bicarbonate/CO; to slow sperm metabolism: of which the development of
the Illinois Variable Temperature diluent (IVT) was pivotal [54]. Many variations
on the original IVT have been developed, and have been very widely used for Al
of species whose semen tolerate cryopreservation very poorly.

The success of cryopreservation largely halted the application of non-frozen
methods of preservation of bovine semen, until it was revived in the form of the
Caprogen diluent [55]-[57].

9. Caprogen Diluent as a Modern for Non-Frozen
Preservation of Bovine Semen

Caprogen diluent is a variant of IVT. As well as the bicarbonate buffering system,
sperm metabolic rate is further reduced by removing oxygen from the diluent by
saturating it with nitrogen gas. The diluent also contains catalase, to remove per-
oxides produced in the media by sperm metabolism and/or sperm death. The in-
itial development of Caprogen diluent was focused on preserving bull semen at
5°C. However, when it was stored at 15°C - 27°C, the semen yielded better fertility
performances, and thus, its utilisation was then widely applied at ambient tem-
perature [58].

Caprogen remains an important ambient-temperature semen diluent for bo-
vine Al in New Zealand, where a very substantial proportion of dairy cattle insem-

inations uses unfrozen semen preserved in that diluent. Caprogen has been exten-
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sively utilised in the New Zealand AI industry over decades and has produced
good fertility outcomes. Specifically, it allows for a smaller number of sperm in an
insemination dose (as low as 2 x 10° total sperm/insemination: [59]), which allows
each ejaculate to be divided into more insemination doses. Secondly, at least in
the short term, sperm do not undergo the acrosome damage associated with cry-
opreservation, which may enable higher conception rates and/or greater leeway
in the timing of insemination to ovulation. It is also less expensive than cryopres-
ervation, as it does not require the industrial infrastructure required for producing
liquid nitrogen; and hence there is potential for simplification and cost reduction
in the supply chain between production and insemination. These benefits could
improve the uptake of cattle Al in situations where cost and supply chain difficul-

ties are presently prohibitive.

10. Use of Semen Extended at Chilled or Ambient
Temperatures

Stored semen chilled at 4°C or at ambient temperature has a short storage lifespan
of about 1 - 4 days, which poses some limitations to its use. Further limitations
are observed when semen is stored at ambient temperature (15°C - 27°C) giving
a shorter lifespan of about 1 - 2 days as compared to storage at chilled tempera-
tures [58] [60]. The fertility of sperm preserved at ambient temperatures declines
with time, mainly due to physiological changes such as extracellular oxidation,
energy depletion and pH/osmotic damage. The limited lifespan of semen pre-
served at ambient temperatures or at 4°C means it is best used alongside accu-
rately detected oestrus or fixed-time Al using a relatively low sperm dose/insem-
ination in a short period of time, as it is conducted in New Zealand [49].

Preliminary studies of ambient temperature diluents in Tanzania have given
promising results. Sperm consistently survived at levels compatible with success-
ful conception rates to Al for 48 h in egg yolk-TRIS diluent (Minitube, Tiefenbach,
Germany); and Optixcell diluent (IMV, L’Aigle, France), with maintenance of
motility in semen from individual animals through to 72 h or even 120 h [61]. As
expected, survival was better at +17°C than +33°C, but, even so, survival at the
ambient temperatures of Tanzania would be adequate for FTAI with AT semen.
Furthermore, [61] [62] compared conception rates to cryopreserved versus ambi-
ent temperature semen of Mpwapwa bulls to FTAI after oestrus synchronisation
on Mpwapwa cows, finding that 62% of cows conceived after FTAI to AT semen
versus 38% for cryopreserved semen. Whilst the scale of that study was inadequate
to demonstrate higher CR to AT than cryopreserved semen, it does support the
notion that acceptable CRs can be achieved by AT semen under Tanzanian con-
dition.

Disease control in Al centres

Disease control in ambient temperature semen requires that Al centres comply
with adequate biosecurity conditions as laid down by the [63]: they must apply

biosecurity measures to the semen collection facilities, semen laboratory, manage-
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ment of bulls, and disease control. Screening for several diseases is recommended:
bovine tuberculosis, brucellosis, leptospirosis, bovine viral diarrhoea virus, cam-
pylobacteriosis and venereal trichomonosis. It is common practice in Al centres
to screen for these diseases when bulls enter an Al stud, and thereafter to maintain
strict segregation from other cattle/artiodactyls. The TALIRI research centre at
Mpwapwa has biosecurity measures that could relatively easily be augmented to
fit these standards. The most common disease that would be screened at the start
of the programme are foot-and-mouth disease (FMD), brucellosis, and tubercu-
losis (TB). The Al facility and operating personnel would comply to the IAO

standards at the start of the programme.

11. Conclusion

The presence of weak Al programmes accompanied by the high costs of the liquid
nitrogen and Al delivery services, have created the need for the re-establishment
of an ambient temperature Al programme into the Tanzanian cattle breeding sys-
tem. At present, liquid nitrogen availability is one of the key constraints to the use
of Al in Tanzania; given that it is both expensive and, at times, difficult to source.
Preservatives that allow survival of sperm at ambient temperatures are available,
and their use could significantly reduce the costs of AI, making it much more af-
fordable for smallholders and thus increasing uptake. The benefits of available ambi-
ent temperature diluents allow the potential for application of Al using fresh/liquid
semen, which could help to improve and strengthen the Al programme in the Tan-
zanian cattle breeding system. However, ambient temperature Al has not been used
widely in Tanzanian cattle, especially in recent years, so the technology needs test-
ing before it can be recommended. Additionally, in contrast to Al using cryo-
preserved semen, where relatively small number of bulls distant from the farm are
used as semen donors, Al using ambient temperature semen requires bulls to be
more locally sourced. Most farms in an area currently have communal bulls on
site, so this would not require major on- farm changes (using ambient AI will
reduce the number of bulls needed as fewer better bulls would be selected), but all
selected bulls would need to be tested for fertility to ensure that they are suitable
for use. Due caution will, of course, be needed to maintain adequate biosecurity
of these bulls. Oestrus observation is a further limiting factor in the use of Al in
beef cattle. Low body condition and low quality feed reduce the chance of cows
displaying oestrus. In addition, herd sizes are small, so the sexually active group
is small—further limiting the chance of observation. Furthermore, inseminating
small numbers of cows on a daily basis is much less cost-effective than planned Al
of multiple cows on a single day. The development of a cheap and effective syn-
chronisation programme, preferably using a prostaglandin-based protocol as it is

currently used, could thus increase the use of Al in beef cattle.
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