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Survival of sperm of Mpwapwa bulls in ambient-temperature diluents in the climatic conditions of Tanzania 
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ABSTRACT 

	The survival of sperm of Mpwapwa breed bulls in ambient temperature diluents was examined, to determine whether such diluents might be appropriate for use in a local artificial insemination (AI) program. Two studies were undertaken: in Year 1 semen (n=3 bulls) was diluted 1:1 in Tris-egg yolk (Tris), Optixcell or coconut water diluents and incubated at 20°C, 27°C and 33°C. In Year 2 (n=35 bulls), the range of temperatures was 8°C, 17°C and 33°C. In both years, straws (n=1 per ejaculate) were removed after 6, 24, 48, 72 and 120 h of incubation to assess the proportion of sperm demonstrating progressive motility (surviving). In Year 1, sperm survival was better at 20oC than 33oC, and was better in Optixcell and Tris than coconut water. In Year 2, sperm survival was better at 8oC than 32oC and was much poorer in coconut water than in Tris and Optixcell. Using a threshold of 50% survival as being adequate for use in AI, mean motility was above this threshold at 48 h for sperm stored in Optixcell at 8 or 17oC, but only at 8oC for sperm stored in Tris. In conclusion, sperm survival was, as expected, better at lower than higher temperatures, but a sufficient number of sperm survived for long enough at 17oC to be compatible with use in a local AI service based on ambient temperature diluents.
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1. INTRODUCTION 

Cattle artificial insemination (AI) services in Tanzania in areas other than the principal dairying regions have largely fallen into abeyance. The historical reasons for this have been described elsewhere [8, 13], but the result has been that, for beef cattle in general, and the Mpwapwa breed in particular, AI is a rarely used method of breeding [8, 13]. Consequently, local beef cattle remain largely unimproved Bos indicus (Tanzanian Short Horn and crosses), whose productivity is severely limited [10, 13]. Even the Mpwapwa breed, which was created in the post-colonial period as a means of improving local beef animals, has been subject to minimal selection for production or fertility traits in the intervening period. Re-establishing an AI service for Tanzanian smallholder beef farmers is seen as a way to remedy this situation [9, 8] providing that the difficulties of sustaining an AI service can be met. Foremost amongst these is the difficulty and expense of procuring liquid nitrogen for cryopreservation of semen. Hence, an alternative method of preserving and disseminating semen is needed, which circumvents the difficulties of cryopreservation. 
The ability of sperm to survive and retain the capacity to fertilise after ejaculation is a key determinant of the success of any AI regimen [6, 41, 4, 44]. For cattle AI, sperm survival is primarily determined by the provision of diluents/extenders that will prolong the life of sperm in vitro. In turn, this depends upon reducing the metabolic demands of sperm for the duration of their storage, either by reducing temperature or by directly inhibiting their metabolism [33, 6, 41, 4]. Cryopreservation takes this to an extreme, whereby the metabolic activities of the sperm are completely suspended. It does so, however, at the price of losing 40-60% of viable sperm during the freezing and thawing processes. Ambient-temperature and chilled diluents maintain much higher proportions of viable sperm, at least initially, but are only able to sustain sperm in the short term, as their effectiveness is limited by time and temperature. 
Assessment of sperm survival is therefore a critical step in the processing of bovine semen. It is needed to determine the number of sperm that are required per insemination dose; primarily to ensure that there are sufficient sperm to result in a high probability of conception [33, 6, 41, 44], and it is needed to optimise preservation conditions for storage. For cryopreserved semen, this is relatively straightforward, as frozen semen does not deteriorate as long as it is maintained at 196oC, but for non-frozen semen, conditions of temperature and diluents/extenders [41, 4, 17, 44] are critical. Included in these latter assessments are the duration for which extended semen can sustain numbers of viable sperm that are sufficient to cause pregnancy, and, therefore, the rate of decline of numbers of viable sperm in different diluents under different conditions of temperature and time [41]. 
The length of time over which unfrozen semen can be stored is mainly affected by temperature and diluents/extenders [41]. The literature on bovine AI, particularly that emanating from before the widespread introduction of cryopreservation contains a plethora of potentially useable techniques [5]. In general, these have been based upon relatively simple diluents (buff plus either milk or egg yolk) that maintain viability at ~4oC for 24-48 h, or more complex diluents, particularly those based on the Illinois Variable Temperature diluent that have been developed into a range of chilled- or ambient-temperature diluents whose modus operandi is either end-point inhibition of metabolism of the creation of a sufficiently hypoxic environment that sperm metabolism is markedly attenuated. Which of these dilution and storage regimens is the most appropriate depends upon the environment in which the semen is to be used (especially the climate), the AI service that is provided (e.g. technician vs owner-inseminator), and the supply chain logistics between collection and insemination. 
Despite the substantial literature on semen preservation in general, including from B. indicus cattle [34, 3], in order to provide an effective AI service for Mpwapwa bulls, specific information is needed on the optimisation of survival characteristics of the semen of Mpwapwa bulls. Given that cryopreservation is not a feasible option, the two key questions are i) identifying whether the use of an ambient-temperature diluent is feasible; and, depending on that outcome, ii) which diluent is most suitable for use. This present study therefore aimed to evaluate sperm survival in semen produced from Mpwapwa breed bulls to determine the optimum temperatures, time, and diluents/extenders for ambient temperature preservation of semen for use in a putative AI and program. 


2. materialS and methods 

Animals
This study was at the TALIRI Mpwapwa research centre, Dodoma, Tanzania. All bulls came from the TALIRI Mpwapwa research herd. There were a total of 120 mature (≥2 years old) Mpwapwa breed bulls available for selection, of which breeding soundness examination was undertaken on the heaviest 53 (Kabuni et al., submitted for publication), and 35 were selected for examination of the response of their semen to extension and preservation in different diluents. The study was conducted over 2 years: in Year 1, a pilot study was undertaken with 3 of these bulls, and in Year 2, all 35 bulls were studied. 
Semen collection, evaluation and processing
Semen was collected by electroejaculation and immediately evaluated for volume, sperm density, mass and individual motility and morphology (see Table 1), as previously described by Kabuni et al., (submitted for publication). Thereafter, each ejaculate divided into three aliquots and, within 5 min of collection, was diluted with one of three diluents: i) coconut water [43, 20]; ii) Egg yolk-TRIS diluent (Minitube, Tiefenbach, Germany); or iii) Optixcell diluent (IMV, L’Aigle, France). in a one-step dilution protocol [1]. Each aliquot was diluted at a constant ratio of 1:1, regardless of the sperm concentration of the initial ejaculate. Semen samples were diluted at the ambient temperature of 32°C. After dilution, semen was loaded into 0.25 mL French straws (IMV, L’Aigle, France), which were then then maintained in water baths set to three different temperatures. In Year 1, straws were incubated at 20°C, 27°C and 33°C; in Year 2, they were incubated at 8°C, 17°C and 33°C. Straws (n=1 per ejaculate) were removed after 0, 6, 24, 48, 72 and 120 h incubation for evaluation of sperm motility. Time zero evaluations were performed immediately after dilution. Sperm motility was evaluated using computer-assisted sperm analysis (CASA, Microptic Automatic Diagnostic Systems, Barcelona, Spain) [37]. The study methodology is summarised in Figure 1.
Statistical methods
Data were initially summarised by using descriptive statistics. Thereafter sperm survival data were analysed with respect to diluent, temperature, time and bull. In these analyses, sperm motility data were treated as count data (i.e. number of motile sperm counted per 100 total sperm). The presence of high numbers of zeros in the data and a variance that was greater than the mean (over-dispersion) meant that a two-stage zero-inflated negative binomial model had to be used. In the first component, excess structural zeroes were modelled using a repeated-measures binary logistic model, with the presence/absence of motile sperm as the outcome; with diluent, incubation temperature, time and all two-way interactions as the fixed predictor variables and bull as a random effect. The second component was a repeated measures negative binomial model, with motile sperm as the outcome; and diluent, incubation temperature, time and all two-way interactions as fixed predictor variables and bull as a random effect. In this component, the outcome (motile sperm) could still be zero (sample zero) even if the logistic model identified an absence of a structural zero). For both models, a backward selection procedure was used with fixed predictors, and their two-way interactions removed when p>0.05. 

3. results and discussion

In Year 1, overall mean survival at each time point was 76.9%, 75.6%, 36.3%, 22.9%, 8.4% and 3.0%, respectively. Overall mean survival at 20oC, 27oC and 33oC from 0 to 48 h was 66.2%, 58.8% and 33.1% respectively. Survival in coconut water was substantially poorer than in the other two diluents, with mean values for survival at 6-48 h being 77.9%, 57.9% and 31.0% for Optixcell, Tris and Coconut water, respectively. The main findings of the Year 1 study were that sperm remained viable for up to 48 h (72 h in Optixcell) and that there was a progressive decline of motility with time in all diluents, with this decline being more marked as temperature increased. The reduction in the proportion of motile sperm was markedly worse in coconut water than in other diluents.

Results for Year 2 are summarised in Table 2. Results were consistent with those of Year 1, with sperm survival being higher at lower storage temperatures (with the data for 17°C in Year 2 being broadly comparable with those from 20°C in Year 1). Similarly, survival in coconut water was poorer than for the other diluents at all temperatures, whereas survival rates in Tris and Optixcell were largely similar to each other. Survival results for individual bulls averaged across the three storage temperatures but separated by diluent, are illustrated in Figure 2.
	
Results from the zero-inflated negative binomial model
The model confirmed that the data did not fit the Poisson distribution with the dispersion parameter being affected by both time and temperature (p<0.001). The zero-inflated component of the model identified that increasing temperature and time both increased the odds of motility being 0% (Table 3a). The backward selection procedure did not identify diluent or any of the interactions as being a statistically significant in this component of the model. For the negative binomial component, the model identified that temperature, time and diluent were all significantly associated with the proportion of motile sperm, and that there was an interaction between diluent and time (Table 3b). Based upon the models in Table 3a, predicted survival rates over time for sperm in different diluents and different storage temperatures were calculated. These are illustrated in Figure 3. 

Evaluating individual bulls for potential use as AI sires
Based on the criteria of [33] of requiring a minimum number of sperm per AI dose of 2 106 and the criteria of [12] of requiring a minimum of 50% viable sperm in an AI dose, mean motility was above this threshold at 48 h for sperm stored in Optixcell at 8 or 17oC, but only at 8oC for sperm stored in Tris. However, some individual bulls had markedly better survival than the mean values: 3 bulls had >50% survival for 72 h at 32oC; 5 bulls for 72 h at 17oC; and 4 for 120 h at either 8o or 17oC (Table 4).

Sperm survival at temperatures at which their metabolism is not completely inhibited is crucial for an AI service based on methods of semen preservation other than cryopreservation. Sperm not only have to survive the processes of dilution and processing but also have to survive the vagaries of storage conditions through the semen supply chain. Only if the diluents are robust enough to protect the sperm through the supply chain to the point of insemination can the use of the AI service result in the advancement of animal fertility, genetics and health [40]. The current study aimed to determine whether there were preservation conditions (i.e. with respect to time, diluent and temperatures) for ambient storage of liquid/fresh Mpwapwa bulls’ semen that would be compatible with a local AI service to smallholder farmers in Tanzania. Non-cryopreserved semen was the mainstay of pioneering bovine AI services [25, 26, 31, 30], but has largely been superseded by cryopreserved semen, although a significant precedent for present-day use of non-cryopreserved semen remains in the dairy AI service of New Zealand, which is based on the Caprogen-based ambient-temperature diluent [34]. The fundamental difference between both the present-day use of ambient temperature diluents in New Zealand and most of the earlier work with chilled/ambient temperature diluents is that the ‘ambient temperatures’ in Tanzania are commonly >30oC, whereas most of the other studies have been undertaken in temperate climates. Mean survival rates at 32oC were >40% only at 24 h in Optixcell and Tris diluents, and had declined to ~20% by 48 h. Mean survival at 72 h was <20% at 17oC and only around 25% at 8oC in Optixcell and Tris (noting that coconut water was not an effective diluent in this study). On the other hand, semen of individual bulls showed >50% survival at 48, 72 and, in a few cases, 120 h in Optixcell and Tris diluents. Taken together, these results suggest that, even at the high ambient temperature of 32oC, the semen of most bulls showed adequate survival for use in AI for 24oh, and, if the temperature could be dropped at little (i.e. to ~17oC) semen viability could be extended, with a reasonable level of assurance, to 48 h. 
Regardless of appearing to be a relatively low figure, 50% survival is regarded as a threshold for survival in cryopreserved semen [12]. If that threshold is satisfactory for the relatively damaged cells that survive freezing and thawing, cells that have been preserved in chilled/ambient temperature diluents are likely to be less damaged than those that have been cryopreserved, so 40% survival should be a reasonable threshold for the ambient temperature semen. The modelling process in this study that indicates that sperm survival should be maintained at above 40% until 48 h after dilution in Optixcell and Tris, but would not be maintained above 60% much beyond 24 h. However, survival of more than 60% of sperm is seldom achieved through cryopreservation [27], so this might be regarded as too stringent a standard to apply to the semen in the present study. Thus, of the storage times that were examined, 48 h seemed to be an achievable maximum across all semen samples in Optixcell and Tris (although not Coconut water) across the range of ambient temperatures (i.e. 8°C, 17°C, 32°C and 33°C) that were studied.

However, temperature had a substantial effect on survival, such that survival decreased as storage temperature increased from 8oC to 32oC. Temperature-dependent decreases in survival were, of course, not unexpected, given the well-established effects of temperature on the metabolic rate of cells. Interestingly, there are studies in the literature [1, 40] that have used Optixcell with reasonable success up to 22oC but no studies were found that had used it at temperatures as high as those commonly found in Tanzania (i.e. 32oC, the maximum incubation temperature used in the present study). It was important therefore, in the present study, to note that the predicted survival of sperm in Optixcell at 48 h at 32oC was substantially less than its survival at 17oC, and had declined to well below the 40% threshold that has been previously discussed. The implications of this effect of temperature on the distribution network of a potential AI service are discussed below.
 
There are, however, other approaches to managing ambient-temperature dilution that might mitigate the high ambient temperatures of Tanzania. Dilution at the ambient temperature of 32oC is unlikely to have contributed to loss of sperm viability [34, 18, 19], inasmuch as close synchrony between the temperature of the semen and temperature of the diluent minimises the risk of cold- or diluent-related loss of viability. Only when glycerol is used (i.e. in cryopreservation diluents) is there a significant risk to sperm of adding that component at too high a temperature [34, 23]. Semen that is to be stored in a chilled format would, of course, be rapidly reduced in temperature from 32oC to ~5oC after dilution, but the temperature at which extension is performed does not appear to have an adverse effect upon sperm survival per se. Indeed, sudden change in temperature (such as might occur if semen at body temperature were suddenly added to a diluent at ~5oC) would undoubtedly be harmful [30], so taken together, there seems to be little evidence that extension at 32oC would be harmful of itself.
 
In New Zealand, the ambient-temperature/liquid semen AI service is based on the Caprogen diluent. That diluent, as well as having the usual properties of an ambient temperature diluent (i.e. carbonation-based suppression of metabolic activity), further suppresses motility by creating very low oxygen tension by saturating the diluent with N2 gas [42]. In that diluent, the achievable preservation period in the ambient temperatures of New Zealand is, as reported by [42], 72‑120 hours (i.e. 3‑5 days). This period of is rather better than the duration of sperm survival recorded in both Tris and Optixcell diluents (i.e. up to 48 h) in the present study. Differences between the present results and those reported elsewhere for Caprogen diluent are worth consideration. As pointed out by [42], minimising oxidative stress by decreasing the oxygen tension through adding antioxidant and chelating agents is pivotal to extending sperm shelf life and storage period whilst maintaining its motility at ambient environment. However, as used in New Zealand, ambient temperatures rarely exceed mid-20soC during the AI season, so, again, the potential for differences in preservation qualities at higher temperatures remains largely unexplored. 

Extending the shelf life for semen in the face of high ambient temperatures therefore remains an important topic for research. In the present study, storage at 8°C produced the best sperm survival performance followed by 17°C, 20°C, 27°C and 33°C; an effect that was most significant at 48 h. On the other hand, when the survival of sperm of individual bulls (rather than mean survival) is examined, some rather different conclusions might be drawn. Three bulls (14755, 14836, 14841 and 14869) had >50% sperm survival at 120 h at 8oC and 8 bulls had >50% survival at 72 h. Interestingly, also, although Optixcell had the best overall performance, based upon the mean survival of sperm, most of the bulls that achieved survival at 72 or 120 h did so in the Tris diluent. The number of such bulls in the present study is, of course, small, and generalisation on larger numbers of bulls and more repeats per bull would be necessary to establish this as a trait that could be exploited. Nonetheless, if repeatable, these results might mean that because, unlike dairy bulls in developed countries, these Mpwapwa bulls are entirely unselected for semen quality and/or the ability of sperm to survive extension, there could be sufficient genetic variation in sperm ‘quality’ to allow for the possibility of selecting animals as AI sires on the basis of the ability of their sperm to survive for (e.g.) 72 h at 17oC. Such considerations could be important when determining the feasibility of an ambient-temperature AI service. 

However, regardless of whether some of the semen of some bulls survives for a little longer than others, it is important to determine whether it is feasible within the infrastructural capabilities of the Mpwapwa region of Tanzania, to introduce some form of temperature control for the diluted semen. Under the conditions that pertain in the beef-producing regions of the country, the use of cryopreservation is not feasible, but more modest cooling might be. Basic refrigeration in the semen processing centre (i.e. to mitigate temperature effects after dilution) or in the distribution network (which could be as simple as ‘chilly bins’ and ice packs, or as complicated as vehicle-mounted mini-fridges) would probably be sufficient to maintain temperatures at ~17oC, at which temperature sperm survival at 48 h is well above a 40% threshold. Whether a combination of reducing temperatures to 8oC and selecting bulls whose semen survives for 72-120 h, would confer additional advantages would be a matter for further exploration. 
  
The dilution rate is dependent upon the volume and the number of sperm an insemination dose should have and, hence, the volume and density of the initial ejaculate. In practice, of course, the constant dilution rate used in the present experiment would not be repeated for field use. In the early days of cattle AI, there was much concern that the process of dilution per se caused damage to sperm [30]. This notion of a ‘dilution effect’ was largely discredited in subsequent practice [2, 7, 39, 24], but there still seems to be a critical minimum dilution ratio that is needed for sperm to be exposed to adequate quantities of the components of the diluent. By analogy with the sheep, in which semen for intra-cervical insemination commonly has very low dilution rates [46] the low dilution rate (1:1) used in the present study might have impaired the responses of the sperm at higher temperatures and/or longer durations of study. On the other hand, the sperm densities of the ejaculates used in the present study were relatively low (all <800 x106/mL), so the opportunity for high dilution rates (and, hence, exposure to high concentrations of beneficial diluent components) was reduced. Even so, if insemination doses of 5 x106 sperm [33] were achievable with Mpwapwa bulls, dilution rates of ~1:20 for even low density ejaculates of might be achievable: a figure that is commensurate with that used to good effect for cryopreserved ejaculates.
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Figure 1 Straw creation, dilution, incubation and selection process for sperm survival study

Table 1. Range of semen scores of the bulls that were selected from the population of 35 for use in the study
	Volume (mL)
	Mass activity 
(0 – +++)
	Individual motility (%)
	Morphology (% normal)
	Sperm  x106/mL

	2.8 – 8.0 
	++ – +++           
	75 – 90 
	 75 – 80 
	734 – 966  



Table 2: Effect of time, storage temperature and diluent on the proportion of motile sperm 
(Year 1, pilot study, n = 3 bulls)
	Time (hours)
	Diluent
	Proportion of motile sperm (%)

	
	
	Temperatures (°C)

	
	
	20
	27
	33

	0
	Optixcell
	94.7
	83.9
	84.8

	
	Tris
	93.5
	83.0
	80.1

	
	Coconut
	76.1
	68.5
	27.9

	6
	Optixcell
	93.3
	82.5
	82.9

	
	Tris
	92.2
	81.4
	90.7

	
	Coconut
	74.2
	67.8
	15.6

	24
	Optixcell
	86.5
	78.1
	5.7

	
	Tris
	61.3
	61.7
	9.6

	
	Coconut
	13.6
	10.2
	0.0

	48
	Optixcell
	66.3
	60.8
	0.0

	
	Tris
	32.5
	18.0
	0.0

	
	Coconut
	10.7
	9.4
	0.0

	72
	Optixcell
	32.8
	9.3
	0.0

	
	Tris
	27.0
	6.7
	0.0

	
	Coconut
	0.0
	0.0
	0.0

	120
	Optixcell
	6.7
	7.7
	0.0

	
	Tris
	12.6
	0.0
	0.0

	
	Coconut
	0.0
	0.0
	0.0



Table 3a: Effect of time, storage temperature and diluent on the proportion of motile sperm
 (Year 2, n = 35 bulls)

	Time (hours)
	Diluent
	Proportion of motile sperm (%)

	
	
	Temperatures (°C)

	
	
	8
	17
	33

	0
	Optixcell
	96.7
	89.5
	85.0

	
	Tris
	94.1
	87.2
	81.3

	
	Coconut
	77.5
	73.8
	49.9

	6
	Optixcell
	85.2
	77.5
	69.6

	
	Tris
	81.5
	73.0
	66.8

	
	Coconut
	70.1
	59.8
	42.8

	24
	Optixcell
	79.7
	72.0
	62.1

	
	Tris
	65.4
	56.5
	44.6

	
	Coconut
	43.2
	33.4
	23.3

	48
	Optixcell
	63.2
	54.6
	22.9

	
	Tris
	46.9
	37.8
	21.4

	
	Coconut
	23.3
	14.7
	4.9

	72
	Optixcell
	24.2
	14.7
	0.0

	
	Tris
	24.6
	17.6
	0.0

	
	Coconut
	0.0
	0.0
	0.0

	120
	Optixcell
	11.4
	8.0
	0.0

	
	Tris
	14.0
	0.0
	0.0

	
	Coconut
	0.0
	0.0
	0.0
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Figure 2 Effect of time (6-120 h) and diluent on % motile sperm for samples from individual (Data are for 35 bulls with results averaged across three temperatures: 8, 17 and 33 °C). 

Table 3b: Effect of time and temperature on odds of sperm motility being 0% (structural zero from zero-inflated part of model). Example interpretation of odds ratio: the odds of a semen sample having a structural count of zero) was 6.33 (95%CI 4.11-9.75) times higher for semen stored at 32°C than for semen stored at 8°C.

	
	Odds Ratio (95% CI)

	Reference temperature 8°C
	

	Temperature 17°C
	1.34 (0.88 – 2.04)

	Temperature 32°C 
	6.33 (4.11 – 9.75)

	
	

	Reference time 6 hours
	

	Time 24 hours
	5.25 (1.87 – 14.75)

	Time 48 hours
	28.73 (10.79 – 76.5)

	Time 72 hours
	131.53 (48.65 – 355.6)

	Time 120 hours
	131.92 (45.88 – 379.33)
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Figure 3 Predicted survival (linear prediction) of sperm (% motile sperm) at different durations of incubation, with respect to diluent and incubation temperature 

	Table 4. Individual bull motility exceeding 40% threshold at different times and temperatures, in Tris and Optixcell diluents.

	Bull ID
	Diluent
	Temperature (°C)
	Time (h)
	Motility (%)

	13139
	Tris
	8
	72
	51

	13174
	Tris
	8
	72
	54

	
	Optixcell
	17
	72
	54

	14755
	
Tris

	8
	72
	59

	
	
	8
	120
	52

	
	
	17
	72
	52

	14802
	Optixcell
	8
	72
	50

	14836

	

Tris
	8
	72
	60

	
	
	8
	120
	56

	
	
	17
	72
	55

	
	
	17
	120
	50

	
	
	32
	72
	53

	14841
	

Tris
	8
	72
	57

	
	
	8
	120
	53

	
	
	17
	72
	52

	
	
	32
	72
	50

	14869
	Optixcell
	8
	72
	53

	
	

Tris
	8
	72
	72

	
	
	8
	120
	66

	
	
	17
	72
	57

	
	
	17
	120
	53

	
	
	32
	72
	52

	14967
	Optixcell
	8
	72
	50

	14980
	Optixcell
	8
	72
	50


4. Conclusion

The present study has shown that Tris-egg yolk and Optixcell diluents, when used at a 1:1 dilution ratio can successfully sustain sperm survival for up to 48 h, and in some individuals for up to 72 or even 120 h. Coconut water, despite a promising showing in the literature, was ineffective. Sperm survival was also dependent upon temperature, with survival declining in nearly linear manner from 8oC to 32oC. To manage these effects in an AI service based upon liquid (or ambient) temperature semen, a number of further possibilities could be considered; namely, (i) higher dilution rates; (ii) use of alternative diluents (notably Caprogen); (iii) making initial dilutions at a lower ambient temperature and (iv) provision of low-cost refrigeration/cooling in the distribution chain. Despite these caveats, the results of the present experiment show that simple diluents are capable of sustaining sperm survival for a sufficient period of time to be usable in a local AI service.
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Each ejaculate divided into 3 aliquots

Each aliquot diluted within 5 minutes of collection at a ratio of 1:1

1= aliquot diluted with 2 aliquot diluted with 3+ aliquot diluted with
coconut water diluent: Egg yolk-TRIS diluent: Optixcell diluent:
15 straws 15 straws 15 straws

3 water baths set to 3 different temperatures.
(8°C, 17°C and 33°C in March 2022).
5 straws per diluent put in each bath.

1 straw per diluent per water bath removed after 6, 24, 48, 72 and 120 hours.
(3 straws per timepoint per water bath)

Evaluation of sperm motility
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