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Abstract 
Breeding soundness examination, semen examination and sperm DNA frag-
mentation were assessed in Mpwapwa breed bulls to determine their suitability 
for use as natural service or AI sires. Based on the available research facility, 53 
of the 120 Mpwapwa bulls at the Tanzania Livestock Research Institute 
(TALIRI) were examined. Bulls were 28 - 49 months old (Mean: 40.7, SD: 13.6 
months) and BCS 4 (1 - 5 scale). Mean scrotal circumference was 27.5 cm 
(Range: 24 - 33 cm, SD: 1.9) cm, and was unrelated to age (p > 0.50). Semen 
was collected by electro ejaculation. Six bulls produced only seminal plasma. 
Mean volume of the remaining ejaculates was 5.5 mL (range: 1.9 - 14.9 mL, SD: 
1.9 mL). Mean ejaculate density was 303 × 106 sperm/mL (range: 57 - 966, SD: 
258): 31 bulls produced ejaculates with ≤400 × 106 sperm/mL and 8 bulls ejac-
ulates with ≥700 × 106 sperm/mL. The mode score for mass motility (4-point 
scale: −, +, ++, +++) was ++ (24 bulls: 51%), 23% of bulls (11) were scored as 
+++ and 12 (26%) as +. Most (41/47: 87.2%) bulls had ≥70% motile sperm, but 
only 19 bulls had ≥80% motile sperm. Few (4/47, 8.5%) bulls had <70% mor-
phologically normal sperm. Most bulls had few fragmented sperm (unfrag-
mented mean: 94.7%, mode: 100%). The proportion of unfragmented sperm 
was unrelated to progressive motility or bull age. Eight bulls had semen (den-
sity, morphology and motility) results that met established criteria for use in 
AI. A total of 15 bulls with ejaculate density ≥300 × 106 sperm/mL and normal 
morphology ≥80% would be suitable for use as natural service sires for low-
intensity breeding. 

How to cite this paper: Kabuni, K.T., 
Komba, E.V.G., Bura, D.B., Parkinson, T., 
Laven, R. and Peters, A. (2025) Breeding 
Soundness Examination of Mpwapwa 
Breed Bulls: Suitability for Use as Natural 
Service and Artificial Insemination Sires. 
Open Access Library Journal, 12: e13543. 
https://doi.org/10.4236/oalib.1113543 
 
Received: April 29, 2025 
Accepted: July 25, 2025 
Published: July 28, 2025 
 
Copyright © 2025 by author(s) and Open 
Access Library Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/ 

  
Open Access

https://doi.org/10.4236/oalib.1113543
http://www.oalib.com/journal
https://doi.org/10.4236/oalib.1113543
http://creativecommons.org/licenses/by/4.0/


K. T. Kabuni et al. 
 

 

DOI: 10.4236/oalib.1113543 2 Open Access Library Journal 
 

Subject Areas 
Bull Fertility and Artificial Insemination 
 

Keywords 
Artificial Insemination Breeding Programme, Breeding Soundness Examination, 
DNA Fragmentation, Mpwapwa Breed Bulls Semen Quality 

 

1. Introduction 

The Mpwapwa breed of B. indicus cattle was initially developed during the 1940s 
as a locally adapted breed to improve the quality of beef cattle in Tanzania [1]. 
Mpwapwa cattle were initially disseminated by direct sales of breeding cows and 
bulls and later by artificial insemination (AI). However, AI services in central Tan-
zania largely ceased in 1973, when AI services were transferred to the National 
Artificial Insemination Centre (NAIC) [2], resulting in a marked attenuation of 
the Mpwapwa dissemination programme. Consequently, on-farm breeding of 
Mpwapwa cattle has become significantly limited, to the extent that, even when 
they are bred, it is largely through natural service by local non-selected bulls. Ge-
netic improvement has therefore largely ceased [3]-[5], except at the Tanzania 
Livestock Research Institute (TALIRI), where a herd of Mpwapwa cattle has been 
maintained. The Mpwapwa bulls at TALIRI have undergone genetic selection for 
conformation, growth rate and feed conversion efficiency during the period from 
1973, so the herd represents a potential nucleus herd which could form the basis 
of an AI service for smallholder beef farmers, although, there are has been no se-
lection of bulls in the TALIRI herd for breeding soundness or fertility traits. 

In 2018, TALIRI re-equipped its animal biotechnology laboratory so that it could 
restart an AI programme for local beef producers. The focus of that programme is 
to, initially at least, increase the use of Mpwapwa genetics within local herds. Two 
potential routes have been identified: firstly, by the reinstatement of an AI pro-
gramme and, secondly, by supplying bulls from TALIRI directly to beef farmers in 
the central zone of Tanzania. An AI service would require appropriate infrastruc-
ture at both the TALIRI stud and for the distribution of semen across the region, 
whereas direct sale of bulls would require much less investment. Regardless, any 
dissemination of Mpwapwa genetics requires that bulls have semen of adequate 
quality (i.e. in terms of potential fertilizing capacity) and quantity [6] [7]. Standards 
for AI sires are generally higher than those for natural-service sires, but in either 
case, elimination of animals likely to be of low fertility and promotion of animals 
likely to be of high/adequate fertility is essential. As the potential fertility of 
Mpwapwa bulls has not been assessed (at least since 1973), doing so is an essential 
prerequisite for the re-establishment of an AI service and/or direct bull sales.  

There are several, broadly similar, bull soundness examination (BSE) protocols 
for assessing bull fertility (e.g. [8] [9]). Such BSE schemes provide simple, repeat-
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able and unambiguous procedures for bull fertility evaluation. Under the Austral-
ian Bull Check scheme [9], there are four assessment components: (i) general 
physical examination (i.e. structural and reproductive soundness); (ii) examina-
tion of the scrotum (scrotal circumference, testes, epididymides); (iii) assessment 
of libido and mating ability; and (iv) collection and assessment of semen (includ-
ing sperm morphology). The criteria of the American Society for Theriogenology 
[8]-[11] particularly focus on scrotal circumference, percentage of motile sperm 
and percentage of sperm with normal morphology; with bulls being classified as 
either satisfactory (potentially fertile), deferred, or unsatisfactory (potentially sub-
fertile/sterile). The evaluation of bovine semen during a BSE is generally confined 
to motility, concentration and morphology [12]-[16], although additional func-
tional tests are sometimes included in the evaluation of semen for use in high-
intensity AI services. Whilst it is generally recognised that meeting the minimum 
acceptance criteria does not correlate highly with conception rates, bulls that do 
not meet the minimum criteria are unlikely to perform adequately, so can be 
screened out of use in the programme.  

Because the standard BSE does not directly predict bulls’ fertility [12] [13] [17] 
[18], additional methods are sometimes used to try to assess fertility more directly. 
The inclusion of emerging molecular technologies in the BSE evaluation pro-
gramme has therefore been suggested as a means of improving the efficiency of 
predicting sperm fertility [18] [19]. One such method is the assessment of DNA 
fragmentation. Sperm DNA fragmentation has been identified in recent years as 
a major cause of human male infertility with causal effects on fragmentation as-
cribed to environmental insults [20] [21] and advancing age [22]-[24]. Fragmen-
tation has also been identified as a cause of impaired fertility in bulls [25] [26]. 
Estimation of the degree of DNA fragmentation may therefore be useful for iden-
tifying bulls in AI programmes that are at risk of having inherently impaired fer-
tility, especially in a population that has not been subjected to selection for fertility 
over a long period of time.  

The purpose of this study was therefore to undertake breeding soundness and 
semen examination of the stud of Mpwapwa bulls in the TALIRI nucleus herd, to 
determine the suitability of those bulls as natural service sires and as AI semen 
donors. DNA fragmentation was also examined, as it may provide additional in-
formation regarding the likely fertility of the bulls. Further, as the opportunities 
for studying sperm DNA fragmentation in an entirely unselected population of 
bulls are few and far between, the relationship of DNA fragmentation with classic 
semen examination was of particular interest. 

2. Materials and Methods 

Breeding soundness examination of Mpwapwa bulls was undertaken at the TALIRI 
research centre in the Dodoma region of Tanzania. The climate of Mpwapwa is 
subtropical but is modified by altitude. There are two breeding seasons for cattle: 
the first between March and May (at the end of the rainy season) and the second 
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between September and November (at the end of the dry season). All animal-re-
lated manipulations received Livestock Research Ethical Clearance from the Tan-
zanian Livestock Research Institute (TALIRI) (12/02/2021) prior to the start of 
the study. All bulls came from the TALIRI Mpwapwa research herd. There were 
120 mature (≥2 years old) Mpwapwa breed bulls available for selection. Bulls were 
weighed and body condition scored (1 - 5 scale; [27]) and 53 bulls selected for the 
BSE study based on available research facility. The 53 selected bulls were treated 
with 5 mg/kg levamisole (Levamizole, Eagle Vet. Tech Co. Kenya) for endopara-
sites control. For a period of 4-weeks before examination, all animals were given 
access to unrestricted grazing (stocking rate 0.36 livestock units/ha) in 15 ha pad-
docks and were trough-fed 0.6 kg/bull/day of a compound ration made from 600 
g/kg maize bran, 390 g/kg sunflower seed cake and 10 g/kg salt, and had access to 
mineral lick blocks (Farmers Centres Ltd, Tanzania) at an allocation rate of 400 
g/bull/week. Bulls were dipped weekly in a bath containing 100 g/L alphacyper-
methrin (Paranex, Farm Base Ltd, Tanzania) for ectoparasites control. BCS (1 - 5 
scale; [27]) was assessed and weight measured as each bull left the crush after the 
4-week management period.  

2.1. Breeding Soundness Examination 

Ten or 11 bulls were examined per day over a period of 5 days. The BSE compo-
nent was based on the procedures outlined by [8]-[10] [28]. Bulls were observed 
walking on a hard surface to check for lameness and locomotion problems that 
could affect mating ability. They were then confined in a crush for external and 
transrectal examination of the genital system, with the scrotum (testes), epididy-
mis and spermatic cords being examined to see if they were non-painful, smooth 
and moved freely. The prepuce and penis were then checked for thickening, ad-
hesions and the presence of discharge. This examination was followed by meas-
urement of scrotal circumference (SC). 

Semen was collected by electroejaculation (Ejakulator, Minitube GmbH, Ger-
many) into an artificial vagina cone. Ejaculates were maintained at ambient tem-
perature (~30˚C) and taken to the laboratory within 1 to 2 minutes of collection. 
The volume of the ejaculate was recorded, its colour assessed and the absence of 
blood and urine staining confirmed. Concentration was measured by diluting 10 
μL semen with 1 mL of sodium chloride solution (0.9% w/v) in a cuvette and plac-
ing into a previously-calibrated spectrophotometer (Accuread Photometer, Bio-
chrom Ltd, USA) for absorbance reading. Mass motility was examined in undi-
luted semen, and individual motility examined after 1:1 dilution in Optixcell dil-
uent (IMV, L’Aigle, France) using phase-contrast microscopy (MBL2000 Kruss 
Optronic GmbH, Germany) at ×10 (mass) and ×100 - ×400 (individual) magnifi-
cations. Smears were made of undiluted semen and were stained with eosin-ni-
grosin for morphology examination: 100 sperm were randomly counted at x1000 
magnification. Sperm with abnormal morphology were classified by site and, ac-
cording to the criteria of [29], into major/minor defects. 
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2.2. DNA Fragmentation 

Sperm DNA fragmentation experiment was undertaken as a joint venture with 
NAIC in Arusha. Fragmentation was assessed using the Sperm Chromatin Dis-
persion (SCD) (GoldCyto DNA: Microptic, Barcelona, Spain) method, according 
to the manufacturer’s instructions. The principle of the method is that sperm with 
DNA fragmentation will fail to produce the halo characteristic of the dispersed 
DNA loops that are present in sperm that have non-fragmented DNA, after acid 
denaturation and removal of nuclear proteins [30] [31]. For this process, intact, 
unfixed sperm are immersed in an inert agarose microgel on a pre-treated slide. 
An initial acid treatment is then used to denature any fragmented DNA present 
in those sperm. This is followed by a lysing solution which removes most of the 
nuclear proteins and, in the absence of DNA breakage, produces nucleoids with 
large halos of spreading DNA loops that emerge from a central core. In contrast, 
the nucleoids from sperm with fragmented DNA either do not show a dispersion 
halo or have a small halo only. Sperm without a halo or a small halo are classified 
as having DNA fragmentation, whereas those with larger halos are classified as 
normal. Degraded sperm are not counted. 

2.3. Statistical Methods 

Descriptive data were compiled and presented as box-plots or bar charts. Where 
appropriate, data were compared using Spearman’s rank correlation or univariate 
ANOVA. 

3. Results  

All bulls were assessed as having adequate conformation and locomotor action. 
No bulls were observed as having gross lesions of the external or internal genitalia. 
SC ranged from: 24 - 33 cm (mean 27.5 cm, SD: 1.9 cm) (Figure 1), and was un-
related to age (ρ = 0.24; p = 0.19). Furthermore, when bulls were separated into 
those ≤ 36 months and those ≥ 36 months, mean SC for the two groups were sim-
ilar (27.1, SD: 1.6 cm versus 27.8, SD: 2.0 cm, respectively).  
 

 
Figure 1. Box plot of scrotal circumference of 53 Mpwapwa bulls. 
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Semen was successfully collected from 47/53 bulls; the remaining six animals pro-
duced only seminal plasma. Mean ejaculate volume over all bulls was 5.5 mL (range: 
1.9 - 14.9 mL, SD: 2.6 mL). When bulls that produced seminal plasma were ex-
cluded, there was no change in mean volume (mean: 5.5 mL, SD: 2.7 mL). Excluding 
bulls that produced only seminal plasma, mean ejaculate density was relatively low, 
at 303 × 106 sperm/mL (range: 57 - 966 × 106 sperm/mL, SD: 258 × 106 sperm/mL), 
with 31/47 (66%) bulls producing ejaculates with ≤400 × 106 sperm/mL. Eight bulls 
produced ejaculates with ≥700 × 106 sperm/mL. All other ejaculates were ≤600 × 106 
sperm/mL. Ejaculate density data are shown in Figure 2. Ejaculate density was not 
correlated with SC or bull age (ρ = 0.2 and 0.01, respectively; p ≥ 0.177).  
 

 
Figure 2. Ejaculates of different densities after electroejaculation of 53 Mpwapwa bulls. 

 
Mass motility scores varied from + (12 bulls: 26%), ++ (24 bulls: 51%) to +++ (11 

bulls: 23%). No bulls whose ejaculates contained sperm had zero (−) mass motility. 
Individual motility scores were generally ≥70%, with only 6/47 bulls having scores 
of ≤60% (Figure 3). However, only 19 bulls had ejaculates that contained ≥80% mo-
tile sperm. Proportion of progressively motile sperm was associated with mass mo-
tility scores (P<0.001) with bulls with +++ scores having higher numbers of motile 
sperm (85%; 95% confidence interval (CI) 79.1 - 90.9) than bulls with + scores 
(64.2%; 95% CI ± 58.6% - 69.8%) or ++ scores (74.4%; 95%CI ± 70.4% - 78.4%).  
 

 
Figure 3. Proportions of progressively motile sperm in the ejaculates of Mpwapwa bulls. 
Data from 47 bulls as data excluded from the 6 bulls which produced aspermic ejaculates 
(see Figure 1). 
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Figure 4. Proportions of sperm with normal morphology in ejaculates from 47 Mpwapwa 
bulls. 
 

 
Figure 5. Distribution of the proportion of unfragmented sperm in ejaculates from 35 
Mpwapwa bulls. 
 

Interpretation Figure 1 and Figure 5: The central box spans the quartiles, and 
the line in the box denotes the median. The line extends from the box (whiskers) 
to 1.5 times the interquartile range. Observations more than 1.5 times the inter-
quartile range from the median are plotted individually as possible outliers (aster-
isks). 

Proportions of morphologically normal sperm are shown in Figure 4. Only 
4/47 (8.5%) of bulls had less than 70% morphologically normal sperm in their 
ejaculates. There were very limited differences in the site of abnormalities or in 
the distribution of major/minor defects between bulls. Results for the proportion 
of undegraded sperm (i.e. no DNA fragmentation) are shown in Figure 5. Most 
bulls clustered around the mean of 94.7% (SD: 6.8, Mode: 100%). The proportion 
of unfragmented sperm was unrelated to bull age or to initial progressive motility 
of the ejaculate (ρ = 0.12 and −0.09, respectively; p > 0.5). 

Overall assessment 
Four bulls met the criteria of ≥800 x106 sperm/mL ejaculate density, at least ++ 

on mass activity, ≥80% progressive motility and ≥70% morphologically normal 
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sperm which are generally recommended when a bull is to be used for AI [8] [9] 
[12]. Four other bulls met three of these four criteria and were close to meeting 
the fourth. The results of these eight bulls are shown in Table 1. Inclusion of an 
SC target of ≥28 cm [32] reduced the number of bulls meeting all criteria to two 
(14983 and 14911). 
 

Table 1. Scrotal circumference and semen quality data from eight Mpwapwa bulls that met/almost met the minimum criteria for 
use in an AI service. 

ID SC (cm) 
Volume 

(mL) 
Mass activity 

Individual motility 
(%) 

Morphology  
(% normal) 

Sperm/mL 
(×106) 

Fragmentation 
(%) 

14967 28 5.8 +++ 75 80 966 6.7 

14983 29 2.8 +++ 80 85 896 0 

14901 25 3 +++ 90 80 873 4.6 

13128 29 8 ++ 75 75 829 8.8 

14804 26 5.5 +++ 85 75 820 0 

14911 29 8 +++ 90 80 815 5.7 

14841 33 6 ++ 80 80 746 9.1 

14842 29 8 +++ 85 80 734 12 

SC: scrotal circumference, Mass activity: +++ = vigorous swirling, ++ = moderate swirling; Box colour: Light green: result meets the 
minimum criteria for use in an AI service; Buff: result is marginal for use in an AI service. Box colour for individual bulls is light 
green if all criteria meet minimum standards and buff if one or more results is marginal. 

 
Fifteen bulls (numbers 13128, 14967, 14975, 14980, 14983, 14966, 14922, 14924, 

14901, 14911, 14841, 14842, 14858, 14791 and 14804) had ejaculates of density 
≥300 × 106 sperm/mL and ≥70% morphologically normal sperm. These bulls meet 
the criteria for B. indicus bulls for widespread use as natural service sires. 

4. Discussion 

This is the first large-scale study of the breeding characteristics of Mpwapwa bulls 
that has been reported since the breed was developed during the 1940s. Although 
the breed has been maintained for dissemination and conservation, it has only 
been subject to a relatively low-level of selection for production and has had no 
selection for breeding. Several studies have been conducted on the female repro-
ductive performance of Tanzania Short-horned Zebu (TSZ) cattle (e.g. [33] [34]), 
but studies on breeding bulls of Tanzanian origin are rare.  

The routine use of BSE in bulls has a significant impact on the reproductive 
performance of herds, particularly in terms of conception/pregnancy rate. Con-
sistently higher pregnancy rates are reported from bulls that are classified as sat-
isfactory compared to bulls not tested or which failed to score a satisfactory stand-
ard [35]. An early study of the outcomes of BSE in Bos taurus in the USA reported 
75%, 52% and 12% pregnancy rates using single-sire bulls classified as satisfactory, 
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questionable and unsatisfactory respectively [36]. Similarly, an improvement in 
pregnancy rate was reported in cows bred to bulls selected for semen quality ver-
sus cows bred to unselected bulls [37].  

After eliminating bulls that have physical incapacity for breeding (e.g. lame, 
penile lesions), scrotal circumference and semen quality are regarded as being the 
most important aspects of the BSE. In the present study, the mean SC of Mpwapwa 
bulls was 27.5 cm (SD: 1.9 cm). The recommended minimum SC for B. indicus 
and derived crosses is 28 cm [32] for 2-year-old bulls kept in a herd under semi-
arid agro-ecological conditions. In the present study only 27/53 bulls (51%) met 
this minimum, whilst a further 10 bulls (19%) had SC of 27 cm. Conversely, 20 
bulls (37%) had SC of ≤26 cm. Thus, only about half of the bulls met the criterion 
of SC ≥ 28 cm, but 79% of bulls were within 1 cm of the minimum. Whether the 
minimum of 28 cm [32] is the correct standard to apply to the Mpwapwa breed 
therefore requires some careful consideration. Firstly, it was clear that semen qual-
ity (in terms of total sperm/ejaculate and proportion of sperm with normal mor-
phology) was largely unrelated to SC, and certainly could not be divided into 
groups that were defined by having SC ≥ 28 or <28 cm. Of the bulls that were 
deemed to have produced semen that was of acceptable quality for AI (Table 1), 
2/8 had SC of <28 cm, but, despite failing to achieve the minimum SC, these bulls 
produced semen of acceptable quality. This weak correlation between SC and 
sperm production is somewhat at variance with the literature in which SC and 
capacity for sperm production generally have a positive correlation (e.g. [38]-
[40]). In a study of a similar breed of low-bodyweight B. indicus bulls in Costa 
Rica, a positive relationship between SC and sperm production, and semen quality 
was reported [41]. Perhaps the relationship between SC and semen density in the 
present study was affected by the generally low ejaculate densities, or, more likely, 
reflects the scatter that is inherent in an unselected breed.  

Most bulls in the present study were between 2 and 4.5 years: a period that is 
associated [38]-[40] with the maximum growth rate of the testes. Hence, some 
variation in the relationship between SC and ejaculate density in the present study 
might possibly be accounted for in terms of bull age. On the other hand, the lack 
of evidence for a net increase in either SC or ejaculate density between the young 
and older bulls does not support this suggestion. More extensive tracking of SC in 
bulls between 2 and 4 years of age might show in better detail how the SC of 
Mpwapwa breed bulls’ changes with time: for example, as a low body weight 
breed, it might be that SC has already reached its plateau at ~2.5 years, unlike the 
4+ years of heavy-framed animals. More general studies of B. indicus and B. tau-
rus bulls have established that different breeds of bull show significant variation 
of SC between breeds and strains within breeds. These, may be intrinsic charac-
teristics of the breeds themselves, or may be a consequence of differences in ma-
ture body weight [42]-[44]. Thus, the relatively high target for SC of B. indicus 
bulls in the Australian BSE recommendations [32], may be a reflection that they 
were based on improved B. indicus, which are typically both larger framed and 
selected for breeding, rather than the relatively unimproved animals that are com-
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mon in the B. indicus strains of East Africa, South Asia and South-East Asia. Evi-
dence that this may be the case comes from a study of TSZ breeding bulls [45], 
which found SC ranging from 24 to 34 cm, which was similar to the 25 to 33 cm 
reported in the Mpwapwa bulls included in the present study. Scrotal circumfer-
ence may also be limited by nutritional circumstances during the rearing period: 
[41] reported that SC was smaller in extensively managed B. indicus bulls with 
low BCS than in bulls with normal BCS. Likewise, [46] found that mature SC of 
B. indicus bulls raised in dry-tropical conditions was limited by the adverse cli-
matic and nutritional circumstances under which bulls had been raised, and [45] 
reported in extensively reared TSZ bulls that SC was correlated with heart girth 
(i.e. body weight/size). That study, however, unlike the present observations of 
Mpwapwa bulls, found that bulls with larger SC tended to produce ejaculates with 
higher density and volume than bulls with smaller SC. 

DNA fragmentation studies of bovine sperm are relatively few, with most com-
ing from B. taurus. Studies of B. indicus are relatively rare, and studies of the 
small-framed East African Zebu cattle are rare indeed. The scarcity of such studies 
is a reflection of the costliness of undertaking DNA fragmentation studies, which 
precludes their routine use in standard operating procedures for semen produc-
tion in most commercial AI centres. The results from the current study showed 
that there was no relationship between the proportion of unfragmented sperm 
and either the age of the bull or the initial progressive motility of the ejaculate. 
There were, however, two bulls in which the proportion of unfragmented sperm 
was well below 85%, so these animals would be worth further investigation. As, in 
general, fragmentation increases with age, the relatively young ages of the bulls in 
the present study may have precluded them from having yet having many dam-
aged sperm. Older bulls, such as dairy bulls that have been through a progeny-
testing cycle are therefore more likely to show fragmentation than the young ani-
mals in the present study [47]-[49].  

In conclusion, this study was undertaken as no systematic assessment of the 
breeding soundness of the Mpwapwa has ever been previously carried out. The 
results show that there is a great deal of bull-to-bull variation in BSE and semen 
quality results; although most bulls produce semen that would be adequate for use 
in the natural service of small herds, and at least a proportion of the bulls produce 
semen that would be acceptable for use in AI. The results which were obtained in 
this study are quite similar to the results of other BSE studies done on B. indicus 
bulls globally, particularly the smaller-framed breeds of East Africa and South East 
Asia. The findings from the sperm DNA fragmentation study indicate that sperm 
DNA fragmentation was unlikely to be of significance in Mpwapwa bulls. Oppor-
tunities exist for more thorough characterisation of the growth profile of SC over 
the period between puberty and maturity, and to determine whether there is a 
relationship between mature body size and plateau SC values. Effects of optimis-
ing the plane of nutrition during the rearing period upon mature SC would also 
be worth studying. Nevertheless, whilst there are still further avenues to be ex-
plored for enhancing the fertility of Mpwapwa, this study has shown that at least 
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some bulls produce semen that could be used in AI, and that BSE should be able 
to eliminate sires that are unlikely to achieve adequate fertility even in low-inten-
sity natural-service programmes.  
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