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Abstract

Assisted reproductive technologies (ART) that have come to stay and are still 
being improved upon in developed countries are still in their infancy stage in devel-
oping countries like Nigeria. Nigeria’s cattle population is estimated to be around 
18.4 million. The number is far insufficient to meet the country’s demand for meat, 
milk, and other cow products, let alone contribute to GDP. N’dama and Muturu are 
both Nigerian breeds that are resistant to trypanosomosis. They are humpless long-
horn and humpless shorthorn types of beef cattle. The dairy and beef cow indus-
tries’ inadequate adoption of ART is partly to blame for Nigeria’s low cattle output. 
Sex determination, multiple-ovulation and embryo transfer (MOET), oestrus 
synchronization, artificial insemination (AI), in vitro fertilization (IVF), cloning, 
and genetic engineering are all examples of assisted reproductive technologies. It 
has been reported in humans, rodents and domestic animals, abnormal fetuses, 
newborns and adult offspring arise from ART. Improper matching of breeding 
animals mostly leads to overfat calves. This review centers on the applications and 
potentials of ART in the production of trypanotolerant N’dama and Muturu cattle 
breeds. Some unorthodox medicines which have proven effective in human repro-
duction can circumvent the shortfalls in the adoption of ART.

Keywords: assisted reproductive technologies, N’dama, Muturu, Trypanosomosis, 
Nigeria

1. Introduction

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].

ART has some drawbacks and restrictions. In vitro embryo production 
(IVEP), which was the predominant method for creating bovine embryos for 
transfer in 2017 [2], demonstrated reduced pregnancy rates after the transfer of in 
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vitro-produced (IVP) embryos when compared to natural breeding, AI, or even 
transfer of in vivo-derived embryos [3–5].

The use of IVEP in cattle is limited due to a high percentage of pregnancy losses 
[6, 7]. Despite improvements in IVEP procedures over the years, current studies 
have found greater early and late embryo mortality in IVEP-derived pregnancies 
when compared to in vivo approaches such as AI or multiple ovulation and embryo 
transfer (MOET) [8, 9]. Calving difficulty and abnormal birth weight [10], dis-
turbed fetal development [11, 12] and epigenetic dysregulation [13] have also been 
reported recently.

Cattle production accounts for a greater proportion of the economy of commer-
cial and semi-commercialized farmers in undeveloped countries globally. It sustains 
the economy of most developed countries through meat, milk and skin production. 
Cattle have as well been on the forefront of researches in biomedicine and repro-
duction. With the recent promotion in biotechnology, cattle have been improved for 
better production efficiencies.

The cattle population in Nigeria at present is 18,404,661 million [14] and an 
annual growth rate of 1.5 percent is being estimated in the herd. It is disturbing 
that although developing countries account for about two-thirds of the World 
Cattle Population, while the developed countries account for about two-thirds of 
total beef population [15]. The three predominant production systems and their 
contributions to the total population are extensive (82.1%), semi-intensive (16.8%) 
and intensive (1.1%). Cattle population by geographic zones reveals the percentages 
as follows: North-West (52%), North-East (27%), North-Central (19%) and South 
(2%) [16] as shown in Figure 1.

Indigenous breeds dominate the cattle industry in Nigeria and they primarily 
serve the purpose meat production and for savings as well as milk production. 
Foreign breeds like Holstein Friesian, Brown Swiss, Jersey and their crosses can only 
be found in more intensive, specialized dairy farms [17]. Agricultural Policy for 
Nigeria [18] advocated the upgrading of local breeds of animals through the use of 
exotic breeds to a level not exceeding 50 percent to maintain hybrid vigor. Sequel to 
this, there is a high cost of importing an exotic bull or cow coupled with the physi-
ological processes the animal must undergo before leaving a temperate region to 
the tropical region. Such processes like acclimation, acclimatization and adaptation 
must be achieved in time and space for a successful importation of an exotic breed 
into Nigeria. The economic implication of such venture is enormous.

Figure 1. 
Cattle population by geographic zones in Nigeria.
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An easier approach to the above processes is the integration of ART into prac-
tices in the Nigerian cattle industry to boost production. There has been a signifi-
cant increase in the utilization of ART, particularly AI and MOET, by developed and 
developing countries to produce millions of cattle. The adoption has led to a tre-
mendous increase in both dairy and beef cattle production in several countries such 
as the United States and Brazil. In the national animal production research institute 
(NAPRI), Zaria, Nigeria, AI has been routinely performed since 1978.

Other interests include the monitoring of reproductive hormones and the 
improvement of oestrus synchronization and heat detection. Crossbreeding of the 
indigenous breeds of cattle with the exotic breeds is also on-going in an effort to 
upgrade their traits for beef production. Efforts have also been made to improve 
the milk productivity of indigenous cattle through crossbreeding with exotic cattle 
(Friesian) to produce crossbred cows (Friesian-Bunaji) with a genetic potential for 
increased milk yield per day [19].

Apart from NAPRI, AI is also performed in a few private commercial cattle 
farms. Unfortunately, these efforts impact a small proportion of cattle population 
in Nigeria. A recent study in northern Nigeria also revealed poor extension contact 
among dairy farmers, which blocks farmers from access to sources of improved 
dairy cattle technologies [20]. Tertiary institutions in Nigeria also present plat-
forms for the utilization of ART in research that can improve animal reproduction 
and productivity. Many of these institutions have made considerable efforts in 
some areas of animal production, and in the treatment of reproductive diseases. 
Regrettably, there is a low potential for the application of ART, partly due to the 
absence of a number of equipment and facilities but also due to shortage of human 
skill or training [19] and the fear of the attendant consequences of embracing ART.

Clearly, an intensive application of ART will assist in improving reproductive 
efficiency and productivity in dairy and beef cattle farming in Nigeria through 
several approaches. Tertiary institutions and research institutes should be 
adequately funded and provided with modern research facilities, laboratories and 
equipment. Skills in ARTs should be incorporated and exploited in both teaching 
and research in animal science and veterinary medicine curriculums. There should 
be an increased synergy between farmers and researchers through agricultural 
extension services and above all, the farmers fears of post-ART consequences 
should be addressed through research.

The present turn of events in Nigeria demands that the discussion of the applica-
tion of reproductive biotechnologies in cattle and their impact for future achieve-
ments be done.

The current discussion summarizes ART-based successes and implications 
in cattle breeding while also aiming to apply it to the effective enhancement of 
Nigerian dairy and beef herds.

2. Cattle breeds and distribution in Nigeria

2.1 White Fulani (Bunaji)

White Fulani ranks first among number and distribution in all the cattle breeds 
in Nigerian [21, 22]. It is estimated that it makes up roughly 37% of the national 
herd [23, 24]. They can be found in Nigeria’s Western, Northern, and Middle Belt 
regions. They are completely missing in Borno, where Rahaji and Wadara abound, 
and in the south-east, where Zebu is scarce. Bunaji are said to be superior to all 
other Zebu breeds in terms of disease resistance and hardiness, which has favored 
their expansion into the derived savannah and the humid zone’s edge [21, 22]. 
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Late sexual maturity, a long interval between calving, and a short lactation period 
are some of the breed’s drawbacks. The Bunaji, on the other hand, are known for 
their genetic aptitude to be sturdy, heat tolerant, and suited to local conditions 
[24]. A white coat color, a relatively large size, and a height of about 130 cm are all 
phenotypes. At maturity, bulls and cows weigh about 500 kg and 325 kg, respec-
tively. They have a prominent hump, a little belly flab, and medium-length, upcurv-
ing, lyre-shaped horns. The White Fulani has three key economic characteristics: 
milk production capacities of around 2,300 kg per lactation, the ability to fatten 
for beef cum milk production, and the bull’s proclivity to be utilized as a draught 
animal. At NAPRI-Shika, Zaria, offspring of White Fulani and Holstein crosses have 
resulted in improved milk production [24]. The average age for first calving was 
42–45 months, however it might go as high as 5 years in Fulani herds. They contrib-
ute a large portion of the beef consumed in Nigeria [24, 25].

2.2 Red Bororo (Rahaji)

The Rahaji cattle herd is Nigeria’s third largest, accounting for around 22% of the  
country’s total herd. Except for a small population in southern Kaduna during the 
rainy season and an isolated population in the north-east Mambila Plateau, it is 
generally restricted to Nigeria’s arid and semi-arid regions [21, 22]. The Red Bororo is 
one of the largest Zebu breeds, and it is distinguished by its rich red coat, enormous 
ears, and long, thick horns [26, 27]. The breed is adored by Fulani pastoralists who 
integrate it into their herds of ‘white’ cattle for crossbreeding purposes. It is adversely 
affected by poor nutrition and it is susceptible to humidity-related diseases [21]. 
Due to high mortality rates among the animals orchestrated by the movement of the 
herders down south into the Middle Belt, a Fulani clan, the Rahaji, who traditionally 
herded the breed and imprinted their name on it, has strikingly exchanged their stock 
for Bunaji [22].

2.3 Sokoto Gudali

According to [23], Gudali accounts for roughly 32% of the national herd. In 
Nigeria, there are two distinct forms of Gudali: the Sokoto Gudali (Bokolooji) and 
the Adamawa Gudali. The Bokoloji is found primarily in Nigeria’s northwestern 
region, but it has recently spread throughout the country [25–27]. The Bokoloji 
is nearly hornless and has a homogeneous cream, light gray, or dun coloration. 
It has a lot of dewlap and skin wrinkles on it. The hair is short, and the skin is 
pigmented and thickIt has droopy ears, which milkers appreciate. At the National 
Animal Production Research Institute (NAPRI), Shika, the Sokoto Gudali beat the 
White Fulani in terms of milk yield [24, 25]. The calving interval is 360–450 days. 
The females have well developed udders with good teats which make them to be 
regarded as indigenous dairy breed. The average weights at maturity are 330 kg for 
the female and 450 kg for the male. The average milk production per lactation of the 
female is 1,500 kg [25].

2.4 Adamawa Gudali

As its name suggests, the Adamawa Gudali is only found in Adamawa [21, 22]. 
It is thought to account for roughly 2% of the national herd [23]. In Nigeria, two 
prominent local kinds are recognized: the Banyo, who have Rahaji blood and big 
horns, as well as a white face and red eye patches, and the Yola, who have a Muturu 
admixture [28]. Since the 1950s, the Muturu characteristics have gradually van-
ished, and local herders no longer identify the Yola breed as a separate variation. 
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Adamawa Gudali has a similar conformation to Bunaji. Its horns are normally pied 
and medium in length, and its size ranges from medium to giant. The coat can be 
white, black, red, or brown. The pendulous hump, however, is the most reliable 
distinguishing feature between Adamawa Gudali and Bunaji. Both Kanuri and 
Fulani pastoralists share ownership of the land. Kanuri and Fulani both have mixed 
Adamawa Gudali and Wadara herds, Bunaji or Rahaji. Many farmers consider 
Adamawa Gudali to be the traditional race of the region, where they work in the 
fields. They are normally fattened in the compound and brought to market when 
they become too large to pull a plow successfully [25, 29].

2.5 Wadara

Wadara cattle are another Nigerian breed. They are light, medium-sized, and 
dark-red, black, pied, or brown in color. They have short horns and a little upright 
hump, and account for approximately 6.6 percent of the national herd. They are 
Borno’s “indigenous” cattle, which the Koyam and other pastoralists refer to as 
“our” cattle. In literature, the Wadara is most commonly referred to as ‘Shuwa,’ after 
the Shuwa Arabs who also herd them. The Ambala, a kindred white-coated breed 
from Chad, is frequently imported into Nigeria [21, 22].

2.6 Azawak

The Azawak is another breed found in Nigeria and is an indigenous cattle the 
Azawak valley North-East of Nigeria. It is distributed along its North-Western 
border. It has medium-length horns. The color variations range from red for 
Azawak in Niger Republic to fawn, white, brown, pied and black color for those that 
enter Nigeria. They represent about 0.7% of the national herd. Except for minute 
population kept by indigenous herders in Nigeria throughout the year, the majority 
is seasonally transhumant [23]. They are majorly distributed along the border North 
and West of Sokoto but scanty populations are found in the North-West of Borgu 
and the border between Sokoto and Katsina [21, 22].

2.7 Muturu

The Muturu is a breed of West African dwarf shorthorn cattle with a small body. 
It has a blocky shape with fine-boned, short limbs. The body is compact, without 
a hump, and has a broad head and a straight back. Their horns are relatively short 
and have a somewhat dished face. In South-Central Nigeria, the Muturu are pre-
dominantly black or black and white. They are usually black and white on the Jos 
Plateau, but they are noticeably larger than those found in the lowlands. Northern 
populations are made up of brown, red, or tawny animals. Muturu cattle have a very 
disjointed distribution within Nigeria, implying a gradual retreat of a once-widely 
distributed population [25, 30]. Blench et al. [30] has examined Muturu’s manage-
ment, productivity, history, and distribution. Due to insufficient maps of Muturu 
distribution, accurate estimates of their numbers are difficult to come by. Muturu 
cattle are widely spread and less apparent than Zebu cattle, and they are generally 
kept in stalls where they are fed. As a result, published population figures are inac-
curate. Northern Muturu data is lacking, and their trypano-tolerance has not been 
assessed, making them ineligible for inclusion in estimations of ‘trypano-tolerant’ 
cattle. International Livestock Centre for Africa [31], who estimated 120,000 
Muturu, should be compared to [32], who estimated 60,000 Muturu, or 0.7 percent 
of the national herd. Akinwumi and Ikpi [33] found 85,000 people in five southern 
states after conducting a poll. Nigerian National Livestock Resource Survey [23], the 
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first survey to take into account all of the populated islands, estimated a population 
of 115,000 in 1990 [15]. Isolated Muturu populations exist along the Republic of 
Cameroon border, extending into South-Eastern Borno and merging with Adamawa’s 
Michika-Mubi area. In the dry savannah, small populations can be found in the 
Atlantika mountains, south-east of Yola, near Cham, east of Bauchi, and south-east 
of the Jos Plateau [21, 22]. Another Muturu group appears north of Tegina in the 
North-West, with widely varying coat colors, implying a link with the North-East 
populations. Muturu once inhabited much of southern Nigeria and the west bank 
of the Niger River, with its extinction in many parts occurring only recently. Either 
Keteku or Zebu have supplanted Muturu, or Muturu is no longer kept by communi-
ties. Muturu once inhabited much of southern Nigeria and the Niger Valley west of 
the river, but they have since vanished from many areas. Muturu has been replaced 
by Keteku or Zebu, or Muturu is no longer kept by communities.

2.8 Keteku

Blench et al. [30] investigated the distribution and productivity of Keteku cattle 
in greater depth. Due to an increasing amount of Zebu blood in ‘Keteku’ herds, 
purelines of Keteku have become difficult to come by in recent years. Zebu cattle are 
being used to replace village herds as Fulani pastoralists migrate southwards, invad-
ing territories traditionally restricted to trypano-tolerant stock. The progeny of a 
Zebu x Savannah Muturu hybrid found near Biu in southern Borno and published in 
the literature [28] is a good illustration of how the local Zebu gene pool has become 
dominant. The name Keteku for a certain animal may represent the owner’s cultural 
background as well as the animal’s genotype. According to [31], the population of 
Keteku in Nigeria is 180,000 people. Keteku is less common than previously thought, 
with a wide range of distribution. It’s unlikely that there are 100,000 of any kind.

Keteku is a variant of Borgu and is a stabilized Muturu x Zebu hybrid that is 
also trypano-tolerant [28]. It is also known as Kataku, Ketari, Borgu, Borgawa, and 
Kaiama. The Muturu and Bunaji characteristics are combined in this breed, with 
white, gray, and black being the most common colors, with red and brown appear-
ing on occasion. It has longer horns, a smaller hump, and shorter legs than Muturu 
and Bunaji. In Nigeria, the populations of Keteku herds are limited to a narrow band 
along the Benin Republic border in the region known as ‘Borgu,’ as well as areas near 
to settlements in Northern Yoruba land. Throughout this region, Keteku coexisted 
with West African dwarf shorthorn, both filling the same niche [21, 22]. Keteku 
is sometimes purchased as an investment stock in the Ondo area by farmers who 
value its combination of size and trypano-tolerance. Keteku cattle have tradition-
ally been raised on breeding farms and dispersed as part of livestock extension 
programs. Keteku is kept in the Government Livestock Centre in Ado-Ekiti [21, 22]. 
Crossbreeding of Zebu and Muturu is popular in various West African countries. 
Despite the fact that the two types came into touch, there have been few ‘new’ 
crossings of Zebu and Muturu in Southern Nigeria. Incompatibility and religious 
strictures have been cited by farmers in the South East for not crossbreeding the 
duo. In the Jos Plateau, ethnic competitions between the livestock farmers and 
animal production considerations have been cited as reasons for continuing genetic 
separation [21, 22].

2.9 N’dama

N’dama cattle are indigenous to Senegambia and neighboring areas in West 
Africa [29, 30, 34]. In 1939, N’dama cattle were introduced into Nigeria from Guinea 
for research purposes due to their trypanotolerance and larger size than Muturu 
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cattle [30, 35]. N’dama cattle are humpless and have a medium-sized compact body 
with lyre-shaped black-tipped horns. The male has a large head and a small dew-
lap. Light brown N’dama are commonly brought into Nigeria, however black and 
pied N’dama are found in Guinea. They were sold to farmers and pastoralists in an 
attempt to boost local herds’ resistance to trypanosomiasis. Outside of institutions, 
there are few pure N’dama due to herders crossing N’dama with Zebu, yet pockets of 
N’dama exist in Northern Yoruba region [21, 22].

2.10 Kuri

The Kuri is a humpless long-horn with a huge body [21, 22, 29]. Its exact histori-
cal origin is uncertain. Kuri horns are unique in that they are swollen and spongy, 
unlike those of any other breed. It is 1.5 meters tall and weighs up to 550 kilograms. 
In terms of size, it is one of the largest African cow breeds. Kuri cattle come in a 
variety of hues and have the capacity to sustain in semi-aquatic environments. The 
Kuri cattle population is primarily concentrated in the old Lake Chad basin particu-
larly along the lake’s eastern coasts. Kuri cattle can be found in Nigeria’s Yobe valley 
and as far west as Gashagar. Kuri cattle are sent to Kano’s North East district to be 
employed as traction animals. The breeds are crossed with the Zebu in Komadugu 
Yobe and are typically called Jetkoram in the literature [21, 22].

3. Herd size and productivity of cattle in Nigeria

3.1 Herd size

Only after several variables have been evaluated can the optimal herd size for 
an area and a population be estimated [34]. The notion of optimum herd size takes 
into account the current environmental conditions, the species biological capability 
(performance), herd management technique, resource utilization, and distribution 
in general principles [36]. The world’s cattle population stands at 1,000,967,000 
with the top ten producers being the India, Brazil, China, United States, European 
Union, Argentina, Australia, Russia, Mexico and Uruguay. The above data are 
based on the 2021 ranking of countries with the most cattle [37]. The average beef 
cow herds are 43.5 for United States [38], 69 Canada [39] and 41 for Nigeria [40]. 
Nigeria with an estimated cattle population of 18,404,661 million [14] and an 
annual growth rate of 1.5 percent could not feature among the first 17 countries as 
shown in Table 1.

However, the current paper is based on the literature evidence based on the 
assumptions in Nigeria. Cunnings [41] estimated the size of the Fulani cattle herd 
to be 100–150, while [42] estimated it to be 80–100. Another study [43] found that 
the average cattle herd size was 41, and that the majority of herders (46.4 percent) 
herded 41 to 60 cattle. The pastoralist herd size ranged from 16 to 69 animals per 
herd, according to a recent survey of pastoralist households in Zaria and surrounds 
by [34]. In the humid rainforest of Imo State, Nigeria, the majority of Fulani pas-
toralists (63.60 percent) maintained herd sizes of 41 to 70 heads, according to [43]. 
With a population of more than 170 million people, Nigeria requires a large number 
of cattle to meet its demand for cattle and cattle products. As long as more than 80% 
of the cattle population is in the hands of traditional herders, supply will not be able 
to meet demand. Cattle importation is thus practiced in order to bridge the deficit. 
The imported total was 5,142 heads per year in January 1996. In a study conducted 
by [44], the pastoralist’s operational sizes were evaluated to determine the makeup 
of the herds in terms of the class of cattle—steers, lactating or non-lactating cows, 
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and calves. Small scale pastoralists (SSP), medium scale pastoralists (MSP), and 
large scale pastoralists (LSP) were the three kinds of pastoralists (LSP). According 
to the findings, the SSP had an average herd size of roughly 17 cattle, while the 
MSP and LSP had 32 and 73 cattle, respectively. Furthermore, the LSP had more 
lactating and non-lactating cows, as well as calves, than the SSP and MSP, whereas 
the MSP had the most steer in the herd [45]. The herd pattern in Zaria revealed 
a gender disparity, with more cows than bulls, with cows accounting for 60 to 75 
percent of each herd on average. Keeping more cows than bulls is advantageous to 
pastoralists because a simulation of herd dynamics demonstrates that when female 
calves outnumber male calves in the kraal, the herd’s maximum growth is achieved 
[36]. The herd size had a 50 percent preponderance of young animals, with females 
(35 percent) and males (35 percent) as the genders (15 percent). The breeding 
cows made up 49.1 percent of the herd, while the breeding bulls made up 6%. The 
number of breeding cows and young females in a herd impacts the profitability of 
any cattle operation to a large extent [46]. This helps to explain why the Fulani herd 
has such a high number of breeding cows and young females. Except for selected 
and retained breeding bulls, the young males, who had previously been plentiful, 
were sold out before to breeding to supplement the family’s revenue. Because the 
mating ratio is usually 1 bull: 20 cows, keeping a large number of bulls in the herd is 
uneconomical [47]. The ratio of cows to young animals in the herd was practically 
equal, according to the data (0.98). The ratio of breeding bulls to young animals 
was low (0.14), implying that breeding bulls and cows were almost equal (0.15). 
The ratio of young males to young females was 0.42, indicating that young females 
outnumber young males [36].

World 1,000,967,000

Rank Country 2021 % of World

1 India 305,500,000 30.52%

2 Brazil 252,700,000 25.25%

3 China 95,620,000 9.55%

4 United States 93,595,000 9.35%

5 European Union 85,545,000 8.55%

6 Argentina 53,831,000 5.38%

7 Australia 23,217,000 2.32%

8 Russia 17,953,000 1.79%

9 Mexico 17,000,000 1.70%

10 Uruguay 11,946,000 1.19%

11 Canada 11,150,000 1.11%

12 New Zealand 10,063,000 1.01%

13 Egypt 7,850,000 0.78%

14 Belarus 4,300,000 0.43%

15 Japan 3,922,000 0.39%

16 Korea, South 3,744,000 0.38%

17 Ukraine 3,001,000 0.30%

Foreign Agricultural Service/United States Department of Agriculture [37].

Table 1. 
Ranking of countries with the most cattle.
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3.2 Reproductive performance

Reproduction is the major determinant of profitability in a cattle enterprise. 
A cow needs to be re-bred in 80 to 85 days post calving to sustain a 365-day calving 
interval. Percentage of body fats in cows is directly linked to poor reproductive 
performance. Inadequate nutrition causes poor reproductive performance and 
researchers have discovered that for proper functioning of the reproductive system, 
a certain level of body fat must be attained. It becomes easier to develop more 
cost-effective a nutrition program if all of the farm’s cows can be managed similarly. 
This is certainly relevant when a farm’s entire herd of cows is maintained as a single 
herd, which is common in small production units [29]. All cows suffer from poor 
body condition at vital times due to year-round calving. Reduced income per cow, 
prolonged time before rebreeding, poorly conditioned calves at birth, low qual-
ity and scarce colostrum, decreased milk production, a high rate of dystocia, and 
lower calf weaning weights are all possible consequences. A longer interval between 
rebreeding and weaning will result in a younger, smaller calf at weaning the follow-
ing year, resulting in lower profits if the animal is sold at weaning. Calves that were 
weak at birth may find it difficult to get reasonable amount of colostrums. This may 
give rise to high susceptibility to diseases, light weaning weights, decreased feedlot 
performance and poor carcass traits. As reported by researchers, there is clear 
evidence cows with a moderate body condition had a shorter delay between calving 
and initial estrus than cows with a bad body condition [29].

According to [44], 6–10 calving per cow per reproductive cycle is allowed by 
about 90.90% of pastoralists in Nigeria, while about 9.10% usually allow about 
11–15 calving per cow. Therefore, majority of the aged cows are often slaughtered 
for sale in most abattoirs [48]. However, cattle production and breeding efficiency 
on Northern Nigerian grazing rangelands is low, especially during the dry season 
[49]. Cows, for example, have a two-year age at first calving and a two-year calv-
ing interval [50, 51], steers achieve slaughter weight between 24 and 30 months of 
age [52], and off-take rates range from 2 to 10% per year [49]. The median age at 
first calving for the reproduction was 4.75 years, according to [34]. The findings 
corroborated previous data on Bunaji cattle herds gathered from the Jos Plateau 
[52]. However, the result was higher than 37-month reported at the National 
Veterinary Research Institute, Vom, a government farm [53]. The difference 
is due primarily to the dry season’s low amount and quality of feed on grazing 
fields [50, 54]. In such circumstances, providing feed supplements to boost cow 
output may be recommended. However, before any nutritional modifications are 
proposed, it’s critical to figure out which nutrients are restricting cattle produc-
tivity in a certain zone [55]. Akpa et al. [34] equally reported a before breeding, 
the average age was 4.05 years for bulls in the pastoral cattle herds. This may be 
probably occasioned by poor nutrition acting together with other environmental 
stressors. Ndlovu et al. [56] made findings that the age at which young bulls reach 
puberty is affected by nutrition and feed intake. However, [47] suggested that 
where controlled breeding is being practiced, young bulls of about 15 months 
of age should not run with the cows in the pasture. Some researchers have used 
standard technical coefficients to compare results obtained in research institu-
tions such as the National Animal Production Research Institute in Zaria or the 
National Veterinary Research Institute in Vom, as well as those in Nigeria’s tradi-
tional model [44]. Data were collected on reproductive performance and milk to 
butter ratio. The results, inter alia showed that the proportion of milk to butter 
was 1 liter to 100 grams. When compared to the data above, it can be seen that 
the calving cycle in Nigeria ranges from 29 to 43 months. The average age at first 
calving is 30 to 42 months, with a productive life of between 9 and 14 years [44].
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3.3 Productivity

The most important nutrients influencing milk and beef production in semi-
arid environments are protein, energy, and minerals [57]. Some studies have 
revealed that energy and minerals are not the limiting requirements for grazing 
cattle, but rather protein deficits are the cause of cattle productivity losses [58, 59]. 
Blezinger et al. [57, 60] however, reported that rangelands fail to supply energy and 
minerals in adequate quantity during the early to mid-wet season. The consequence 
is a retarded growth rate of cattle which turns out to be a main stumbling block to 
boosting body weight growth [61, 62] and, as a result, impacting semi-arid beef 
production In the semi-arid areas, rangeland energy and mineral supplies in the late 
wet and dry seasons are usually perceived as sufficient to support cattle production 
needs on pastoral systems [59, 60]. Thus, in community rangelands in semi-arid 
areas, cattle production efficiency is sometimes governed by nutrient availability, 
which is affected primarily by temperature and seasonal rainfall distribution [54]. 
The traditional cattle sector in Nigeria is characterized by low productivity due to 
seasonality of quantitative and qualitative feed shortages, which is arguably the 
most significant barrier to improving smallholder enterprise production and pro-
ductivity [63, 64]. Permanent land damage is prevented through grazing on large 
expanse of land. The pastoralists use the approach to maximize spatial resource 
use by allowing soil rejuvenation. Negative consequences of seasonal fluctuations 
in feed supplies have not been adequately established on performance parameters 
of pasture cattle in the Guinea Savannah Zone of Nigeria. Such data is required for 
the development of effective feeding and disease prevention strategies. Cattle, for 
example, are susceptible to stomach discomfort due to a seasonal shift in food [64]. 
The changeover from a forage-based to a finishing diet strong in grain aids marbling 
in beef, but it also causes gastric distress. This may have a negative impact on their 
development. Similarly, seasonal variations in the quantity and quality of feed sup-
plies have an impact on beef cattle performance and carcass quality [64, 65].

3.4 Assisted reproductive technologies in animal production

Assisted reproductive technologies (ART) are widely used in humans and 
animals in many parts of the world to expand our understanding of reproductive 
processes and to improve reproductive efficiency. Oestrus synchronization, artifi-
cial insemination (AI), multipleovulation and embryo transfer (MOET), in vitro 
fertilization (IVF), sex determination, cloning, and genetic engineering are some of 
the technologies used in animal production [66]. These are powerful technologies 
capable of enhancing productivity, and when combined with bioinformatics will 
provide more impact in the future of animal production [66]. The cow is typically 
monotocous with an average gestation length of 40 weeks and therefore a relatively 
long generation interval. The rate at which a highly desirable cow can be used to 
enhance the genetic state of a herd is slow if no interference is made [67]. Hence 
ARTs are particularly useful in this species because of the low reproductive rates 
and long generation intervals. In the cattle industry, ARTs were initially developed 
to increase the production of calves from parent cattle with high genetic potentials, 
but now offer many opportunities for beef and dairy cattle production.

3.4.1 Oestrus synchronization

Oestrous synchronization involves the application of pharmacologic means 
to control oestrus and ovulation in farm animals. As a result, female animals are 
forced to go through oestrus (ovulation) at a specified, opportune time rather than 
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when it would naturally occur. In general, the procedures rely on either artificially 
inducing premature luteolysis with luteolytic drugs (e.g. prostaglandin F2 alpha or 
its analogues) or temporarily suppressing ovarian function with progestagens.

Synchronization offers several advantages and facilitates the maximal and batch 
managements of AI and calving in cattle herds, thereby increasing productivity and 
decreasing costs in dairy and beef cattle production [68].

Synchronization may have some benefits in beef herds, such as decreasing the 
calving to conception gap, and hence the calving interval and possibly the calving 
season. Accurate detection of oestrus is critical to achieving high pregnancy rates 
particularly in large cattle herds. Hence oestrous synchronization offers another 
strategy to circumvent the critical problem of oestrus detection [69].

3.4.2 Artificial insemination (AI)

Artificial insemination has been utilized worldwide for more than 50 years. It is 
still the predominant technology applied for the improvement of reproductive effi-
ciency and productivity in cattle through progeny testing and genetic improvement 
[67]. AI is the introduction of live spermatozoa into the genital tract of the female 
to cause fertilization by means other than natural mating. Semen from bulls can be 
extended and preserved at 4–5°C for a few days or frozen in plastic straws in liquid 
nitrogen at −196°C for years or decades. Semen from a few high-performance bulls 
can then be used to breed large number of cows leading to rapid genetic improve-
ment and dissemination of new breeds within cattle populations [65].

Movement of preserved semen instead of live bulls would also improve trade, 
reduce production cost and also decrease the spread of cattle diseases usually 
transmitted by direct contact between cattle. The use of AI also prevents the rearing 
of bulls that involve added cost along with the possibility of causing injury or death 
to farmers or staff. Controlling and recording the time of AI helps to avoid indis-
criminate mating (often observed in natural mating), thereby facilitating proper 
farm recordkeeping and fertility management.

3.4.3 Multiple ovulation and embryo transfer (MOET)

MOET was first proposed in 1987, and it demonstrated how MOET programs 
may increase genetic gains by raising selection intensity and shortening generation 
intervals [70]. Multiple-ovulation (superovulation) is a pharmacologic procedure 
that increases the number of oocytes released at ovulation by 2 to 10 times, hence 
raising the quantity of embryos that can be produced. Embryo transfer (ET), on 
the other hand, refers to the techniques used to collect embryos from a female 
(donor) and transfer them into the uterus of another female (recipient) where they 
develop to term. Typically, a cow ovulates a single oocyte during each reproductive 
cycle, and therefore may produce only 8 to 12 calves in her reproductive lifetime. 
However, utilizing the technology for MOET, it is possible to obtain 30 to 40 calves 
from a single cow over a period of a year [71]. Through MOET, the numbers of 
imported highly valuable and scarce cattle breeds could be multiplied rapidly, 
leading to increased genetic improvement of cattle populations [72]. Highly valued 
cows that are injured or too old to carry normal pregnancy could also be made to 
continue producing calves via MOET, rather than these animals being culled or sold 
for slaughter. Natural twinning ranges from 1 to 2% in beef cattle, but the efficiency 
of beef production could also be increased in intensively managed farms by induc-
ing twinning using MOET. This technology also offers commercial advantage to 
farmers via a lower cost of importation of cryopreserved embryos compared to live 
cattle [68].
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3.4.4 In vitro fertilization (IVF)

In vitro fertilization (IVF) is a technology via which fertilization and maturation 
of oocytes takes place outside of the female (in the laboratory). The method is also 
called in vitro embryo production. The resulting embryos are then transferred back 
to the same or different females for development. Mature oocytes can be collected 
by flushing the oviducts shortly after ovulation. Alternatively, immature oocytes 
can be obtained from abattoir ovaries or by aspiration of pre-ovulatory follicles 
using ovum pick up (OPU) from live cows. These oocytes must be cultured in vitro 
for 24 hours in sterile medium to allow for nuclear maturation prior to fertilization. 
Following in vitro maturation of oocytes, spermatozoa must also be capacitated 
using a capacitation medium (or alternatively by using ejaculated sperm) before 
they are capable of fertilizing the oocyte [66]. The technology offers the potential 
for large numbers of in vitro produced embryos together with exciting opportuni-
ties for other technologies in cattle reproduction such as sex determination, cloning, 
genetic engineering and embryo transfer.

3.4.5 Sex determination

This technology is useful when calves of a particular sex are considered to be 
more valuable than those of the opposite sex. For instance, dairy farmers would 
desire that the majority of their calves be female (replacement heifers for the 
milking herd) whereas beef farmers would prefer bull calves for their higher body 
mass and beef production potential. Sex could be determined either by semen 
sexing or embryo sexing. The presence of Y chromosome determines male off-
spring in mammals. In cattle, the X-bearing sperm contain 3.8% more DNA than 
the Y-bearing sperm. Thus, sperm can be separated using specific dye (Hoechst 
33342) that binds to DNA and a flow cytometer/cell sorter. Embryos can also be 
sexed using several techniques including chromosome analysis (karyotyping), 
immunology, DNA analysis and detection of metabolic differences [66]. Sexed 
semen could be applied in farms to inseminate cows in order to create neces-
sary sex calves, or to fertilize oocytes in vitro in order to produce required sex 
embryos. Sexed embryos could likewise be implanted into recipient cows to create 
sex-matched calves [73].

3.4.6 Cloning and nuclear transfer

These technologies involve cloning by embryo splitting to produce identical 
twins, triplets and quadruplets or the use of nuclear transfer to produce large 
numbers of genetically-identical or cloned cattle. In the nuclear transfer tech-
nique, the nuclei from either a blastomere (from early-stage embryos) or a somatic 
cell (other body cells) are fused individually to enucleated oocytes. The resulting 
zygotes are then cultured and transferred to recipient cows to develop till term. 
Interestingly, this technique has attracted much international attention since 1996 
when the first mammal (the sheep, Dolly) was cloned [74] followed later by clon-
ing in cattle [75]. With cloning technology, it is possible to exceed pregnancy rates 
of 100% in cattle farms. It also offers the potential for producing large numbers of 
genetically-superior cattle to drive increased dairy and beef production [69]. For 
instance, it normally requires 78 months to reach production flock status in cows, 
but this can be achieved within 33 months with the nuclear transfer technology 
[67]. The success rate for propagating animals by nuclear transfer is expected to 
increase along with a reduction in the cost as newer methods are developed in the 
technology.
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3.4.7 Genetic engineering

Transgenic livestock (pigs and sheep) were produced for the first time in 1985 
[76]. This technology involves transferring a selected gene into an embryo so that 
the resulting offspring carry and express that gene later in life. Animals that carry a 
copy of a desired foreign gene are referred to as being transgenic [69, 77]. Generally, 
transgenic technologies utilize embryo-mediated or cell-mediated genetic modi-
fication to generate an entire animal. In recent years, new technologies referred to 
as “gene editing” have also been added to the molecular tool box for genetic engi-
neering of various organisms. Efficient and robust protocols are now available for 
producing sheep, goats, pigs, cattle and other species in which specific genes have 
been targeted for editing [78].

The technology has been applied to improve different aspects of animal produc-
tion. In cattle, these include the enhancement of milk quality, muscle yield, disease 
resistance (mastitis, tuberculosis), or improved welfare such as the production of 
hornless dairy cattle [77, 79, 80]. Nevertheless, the application of genetic engineer-
ing in livestock production has been limited by several significant factors. These 
include the cost of large animals, long generation times, and most importantly, 
legal, ethical and public health concerns and considerations [78]. However, it is 
likely some of the newer technologies involving gene editing will become more 
acceptable particularly in the face of the increasing global animal protein demands 
and food insecurity. Already, the first genetically engineered salmon has received 
approval to be sold as food by regulatory agencies in the US and Canada [81]. It is 
likely that other international agencies will begin to reconsider regulatory gridlocks 
on animal products from genetic engineering. In Africa, and particularly Nigeria, 
genetic engineering of bovine embryos may offer opportunities for the production 
of cattle that retain the genetic predisposition to hardiness, adaptation to the tropi-
cal environment (e.g. heat stress) and tolerance to tropical diseases (e.g. trypano-
somosis) while incorporating genetic potential for rapid growth and increased milk 
and beef production [82].

4.  Main abnormalities observed as post-transfer consequences of bovine 
in vitro-produced (IVP) embryos in some breeds of cattle

4.1 Holstein x beef breeds

In Holstein x beef breeds, main abnormalities observed include problem of 
increased loss of embryos in Grade 2 IVP embryos, increased fetal size, increased 
fetal body weight in IVP, no placentomes in IVP [6]; increased birth weight, 
increased percentage dystocia, increased mortality in IVP in Holstein; Holstein x 
Angus cross-breeds [83]; increased birth weight and oversized calves at birth in IVP, 
increased percentage dystocia, increased heart weight at 13 months in IVP frozen 
in Simmental bulls [84]; increased percentage males, increased gestation length, 
increased percentage congenital malformations, increased birth weight, increased 
perinatal mortality and calving difficulty (all in IVP) in Holstein Friesian breed 
[85]; decreased pregnancy rates, increased percentage males, increased spontane-
ous abortion, increased birth weight, increased dystocia, increased calf mortality, 
increased abnormalities of the fetus and reduced intensity of labour in recipients 
(all in IVP) and removal of serum did not correct abnormalities in Holstein breed 
[3]; increased IGF2 expression, increased dystocia and increased mortality in IVP 
in Holstein breed [86]; decreased fetal size in early pregnancy, decreased number 
of cotyledons, increased cotyledon size, increased birth weight in Angus; Angus x 
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Hereford cross-breeds [87] increased expression of genes (Heat shock protein fam-
ily A (Hsp70) member 1A (HSP70.1), Sodium dimustase (Cu/Zn-SOD), Glucose 
transporter type 3 (GLUT3), Glucose transporter type43 (GLUT4), Basic fibroblast 
growth factor (bFGF), Insulin-like growth factor 1 receptor (IGF1R)) in blastocysts 
and increased calf birth weight in Holstein-Friesian breed [88].

5. Latching the lacuna

Technology adoption and transfer have been major problems in developing 
countries owing to so many reasons. Principal among them is lack of technical 
know-how, poor or near absence of funding, diversion of released funds for specific 
projects/corruption and weak agricultural extension agents who are either unaware 
of recent findings or who reluctantly refuse to diffuse information from research 
institutes to farmers.

ART in Nigeria should be given a linear but additive approach starting with AI 
which is the oldest and most pliable form of it. This can be combined with sperm 
sexing in the long run. Individuals and corporate bodies san train manpower on 
semen collection, estrous synchronization and artificial insemination. Reproductive 
physiologists should brace up for the challenge in this field.

Nigerian is blessed with tropical herbs which are used in unorthodox medicines 
by herbalists. Some of these herbs have proven to be potent in managing pregnan-
cies and parturitions in humans. The same crude technology can be extended to 
N’dama and Muturu. In humans, pregnancies that exceed forty weeks without 
labour and parturition are managed with these herbs to prevent the fetus from 
becoming overfat so that labour and normal vaginal delivery will set in a short 
time. This will be averted if the gravid woman was placed on these herbs as a 
routine during the course of the pregnancy. These two breeds became animals of 
choice due to their resistance to trypanosomosis which has made it possible for 
them to thrive where other breeds have failed to thrive without inoculation against 
trypanosomosis. Pregnancy complications arising from using say Holstein Friesian 
semen to upgrade the duo will be managed with these tropical herbs which abound 
in Nigeria. This will open up new frontiers in research on cattle which may help to 
solve some of the problems outlined in Section 2.4 of this work.

6. Conclusions

It is worthy of note that the cattle population in Nigeria of above 18 million may 
appear false and misleading as it was not captured in the FAS/USDA 2021 ranking 
of countries with the most cattle. If the figure were true, Nigeria would have come 
displaced Russia to rank 8th in the list of countries.

Assisted reproductive technologies will not only bridge the gap in meat and 
milk consumption of Nigerians but it will open up a goldmine which will reduce the 
unemployment rate in this region. This technology undoubtedly will start in Nigeria 
and spread to neighboring countries in Africa.

Cattle production in Nigeria, which hitherto was business of the North will 
become a smooth running business in the South if N’dama and Muturu which have 
adapted to the more humid and disease-tolerant southern climate are improved 
upon using the ARTs. This will go a long way to improve the economy of Nigeria 
and equally mitigate the farmers-herders crisis which has consumed so many lives 
and properties. Above all, it well help Nigeria to attain self-sufficiency in meat 
production in the near future, become an exporter of beef and dairy products.
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