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 Abstract 
Quality and affordable semen extenders are essential for successful artificial 
insemination. Extenders from natural sources have been found to be effective and 
affordable. Using two matured West African Dwarf rams (18.67±1.45kg), the 
effectiveness of graded mixtures of mango and carrot juices (100% Mango (M), 100% 
Carrot (C) 90%M10%C, 70%M30%C, 50%M50%C, 30%M70%C and 10%M90%C), and 
conventional egg yolk citrate (EYC) as ram semen extender was studied. Each diluent 
was constituted in five aliquots using standard methods and pH determined 
electronically. Semen collection in three trials using electro-ejaculator method was 
followed by evaluation for colour, volume, pre-extended sperm motility, concentration, 
percentage liveability and morphological normality. Thereafter, semen were extended 
with different diluents by adding 0.2ml of semen to 7.5ml of diluents. Immediately, 
hourly evaluation for sperm motility from zero to eight hours then twenty-four hours 
post-extension was done. Diluents revealed in the study as the most effective semen 
extender were subjected to proximate analyses. The pH of the diluents ranged from 
4.56±0.11 (70%M30%C) to 6.40± 0.14 (90%C10%M). The mean ejaculate volume was 
0.8±0.00ml while colour observed was creamy. The pre-extended mean spermatozoa 
motility, morphological abnormality, percentage liveability and concentration were 
94.5±4.5%, 7.0±2.83%, 88.75±2.5% and 0.3×109 sperm cell/ml respectively. 
Spermatozoa motility declined progressively in all the diluents from 0-24hours post-
extension. The decline was observed to be significantly rapid (p≤0.05) in 100%Carrot 
diluent from 94±2.4% at zero hour to 0% at three hours post extension. Only diluents 
90%M10%C, 100%M and Egg Yolk Citrate provided sperm motility score of 30% and 
above at eight hours post extension. Proximate analyses of 90%M10%C and 100%M 
revealed presence of essential minerals which are found to be naturally occurring in ram 
ejaculate. The work established that mixture of mango and carrot (90%M10%C) and 
100% mango juices could be used as a suitable semen extender in preserving West 
African Ram semen at room temperature. 
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Introduction
Sheep plays important economic and cultural roles in 
the livelihood of both rural and urban dwellers of 
Nigeria and other West African states (Dossa et al., 
2015). With small body size, high productive capacity 
and rapid growth rates, sheep are ideally suited for 
production by resource poor small holders. Semen 
quality is one of the most valuable indicators of male 
reproductive health (Alesia, 2013; Oloye et al., 2019) 
and the physical characteristics of the seminal fluid 
can affect its fertility (Ogbuewu, 2008). Rams reach 
puberty at 5-7 months of age at 50-60% of their 
mature body weight. The average volume of ram 
semen is 1.0ml (0.5-2.0ml) and it is non-fractionated. 
Average sperm concentration (×106/ml) is 2000 
(1250-3000). The average motility (%) is 90 and 
average normal spermatozoa (%) is 85 (Noakes & 
Parkison, 2001). The pH of ram semen containing 
normal numbers of spermatozoa is 6.9 or less 
(Loubser & Van Niekerk, 1983). Artificial Insemination 
is one of the important management tools for 
optimizing the production performance and 
maximizing the use of high value rams even by small 
farmers who don’t have breeding rams (Kumar & 
Naqvi, 2010). However, to gain these advantages in 
West African Dwarf ram production, the ram semen 
will require proper processing including collection, 
extension and storage (Oloye et al., 2019). Semen 
extension is made possible through the use of semen 
extenders which are liquid diluents that are added to 
semen to preserve its fertilizing ability. It acts as a 
buffer to protect the sperm from their own toxic 
byproducts and it protects the sperm cells from cold 
and osmotic shocks during chilling and freezing 
process. It guarantees increase in the rate of genetic 
improvement, reduce cost of maintaining male 
animals and allow several female animals to be bred 
at the same time through the use of estrus 
synchronization (Smith, 2003). 
These extenders must therefore possess the ability to 
shield the spermatozoa against cold shock, microbial 
attack, provide energy and buffer (Oloye et al., 2008). 
They must be easily accessible and affordable 
especially for the peasant sheep breeders, a condition 
well satisfied by natural semen extenders. The 
different types of these natural extenders are egg yolk 
medium, pawpaw juice medium, coconut milk 
medium and tomato juice medium (Oloye et al., 
2019). Kusum et al. (2018) reported that egg yolk 
comprises of 51.1% water, 16% protein, 30.6% fat, 
1.7% mineral following chemical analysis of an egg. As 
semen extenders, the egg-yolk citrate has been 
known to minimize the adverse effect of low 

temperatures and provide protection to the sperm 
during cooling (Katila et al., 1997). Mango (Mangifera 
indica) is a member of the Anacardiaceae family 
which comprises of more than 70 genera. (Mukherjee 
& Litz, 2009). Mango is a tropical fruit grown in about 
85 countries in the tropics and developing countries 
(such as Nigeria). It is rich in antioxidants, vitamins, 
minerals and phytonutrients (Zafar & Sidhu, 2017) all 
of which are important for fertility because of their 
role in hormonal and acid- alkaline balance which are 
necessary for gamete health. Carrot (Daucus sativus) 
is a root vegetable, usually orange in colour, although 
purple, black, yellow, red and white cultivars exist 
(Singh et al., 2018) and is largely cultivated in the 
Northern part of Nigeria such as Zaria, Kano, Sokoto 
and Jos. It is a good source of carotenoids, flavonoids, 
polyacetylenes, vitamins, and minerals, all of which 
possess numerous nutritional and health benefits (da 
Silva Dias, 2014). Nouri et al. (2009) reported that 
carrot seed extract induces spermatogenesis 
following gentamicin toxicity probably mainly 
through the elevation of testosterone levels. Ewuola 
& Odefemi (2019) also reported increase sperm 
reserve and increase daily sperm production 
following the administration of carrot fruit extract to 
rabbit buck. Carrot and mango juices are readily 
available in our climate and are quite cheap, 
especially when in season. They contain essential 
minerals that may boost spermatozoa health by 
aiding motility and improving viability and could be an 
appropriate alternative to conventional egg yolk 
citrate which has the disadvantage of causing 
clumping or agglutination of spermatozoa when used 
as semen extender. This work, therefore, examined 
the suitability of graded mixture of mango juice and 
carrot juice and compare with egg yolk citrate at room 
temperature (24℃). 
 

Materials and Methods 
Two matured West African Dwarf rams 
(18.67±1.45kg) were use for the study. They were 
acclimatized and given prophylactic treatment. 
 
Semen collection and Pre- extended semen evaluation 
Fresh semen was collected through the electro-
ejaculator method once per week for three weeks and 
pooled. Sperm concentration, Sperm motility, sperm 
morphology and the life dead ratio of the sperm in the 
semen collected were evaluated immediately using 
method described by Zemjanis (1977). 
To evaluate motility of sperms cells, a drop of semen 
was placed on a pre-warmed glass slide and viewed 
under ×40 objective lens using a light microscope 
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(Zemjanis, 1977). The motility was then scored 
according to the scale presented in Table 1 credited 
to Singh (2005). 
To evaluate sperm morphology, 5-6 drops of Eosin-
nigrosin was placed on a clean glass slide; a drop of 
semen was added into the stain and stirred with a 
glass rod. After one minute, then a smear was made 
on a clean glass slide. The smear was examined after 
air drying. Individual spermatozoa were examined at 
×1000 magnification under oil immersion under the 
microscope. Deviations from the normal contours of 
the head, attachment of midpiece and tail was 
observed. At least 400 spermatozoa were observed in 
different fields and the defects categorized into head, 
mid-piece and tail defects (Singh, 2005) 
The concentration of the spermatozoa was estimated 
by diluting 25 μl semen into 5.0ml distilled water then 
pipetting 15μl of the solution into each chamber of a 
Neuberhaemocytometer (Karagiannidis et al., 2000; 
Kheramand et al., 2006). 
The live/dead ratio was evaluated with the Eosin-
nigrosin staining technique in which 5-6 drops of the 
eosin-nigrosin stain was placed on a clean glass slide, 
followed by a drop of semen mixed with the stain 
carefully. A smear was made on a clean glass slide and 
examined after drying. 
The diagnostic feature for live and dead is that the 
dead spermatozoa absorb the stain and look pink 
while the live spermatozoa do not absorb the stain 
and look white or unstained. A total of 300 
spermatozoa were counted from different fields 
(Singh, 2005). 
 
Buffer preparation 
Trisodium citrate dehydrate (2.9gm) was dissolved in 
100ml of distilled water. This was thoroughly stirred 
until the solution was completely dissolved in the 
solvent (Oloye et al., 2019). 

Extension media preparation 
Egg yolk citrate: The intact egg was thoroughly 
washed with distilled water and disinfected with an 
antiseptic agent. The egg was gently cracked at the tip 
and the egg yolk was manually and carefully 
separated from the albumen. It was stirred with a 
stirrer until a homogenous mixture was gotten.40mls 
of citrate was added to 10mls of the egg yolk to 
constitute 80% citrate: 20% egg yolk. 0.5ml penicillin- 
streptomycin preparation was added to the extender. 
 
Mango juice: The mango was washed with distilled 
water, skin was peeled, and then, the flesh was sliced 
and blended until a fairly smooth consistency was 
achieved. It was sieved using a sterilized cotton 
material squeeze out the juice. Three fresh mango 
fruits were utilized at each preparation. 
 
Carrot juice: The carrot was washed, cut into bits, 
grated and blended. The juice was squeezed out 
through a sterile sieved made from sterilized cotton 
material. 10-20 fresh carrots was utilized at each 
preparation depending on their size. 
 
Graded mango-carrot mixture preparation: This was 
constituted as presented in Table 2. 
To each of the mixture, sodium citrate was added at 
a ratio of 20% mixture: 80% citrate. 0.5ml of penicillin-
streptomycin preparation, v/v, was added to each 
extender. 
 
pH Evaluation: The pH of the diluents was measured 
after constitution using electronic (Metler®PHS-3C) 
pH meter. 
 
Extension and storage 
To each graded mixture diluents, and the yolk sodium 

 
Table 1: Markers for sperm motility grading (Singh, 2005) 

Grade Movement of spermatozoa Percentage of motile spermatozoa 

0 Nil Nil 
0.5 Very weak 10 
1.0 Oscillatory movement 20 
1.5 Rapid 30 
2.0 Fair rapid and vigorous 40 
2.5 Rapid vigorous and progressive 50 
3.0 Good, very rapid and vigorously progressive 60 
3.5 Most vigorous, progressive and active 70 
4.0 Very good, most vigorous with progressive swirling activity 80 
4.5 Highly vigorous and progressive with slight waves and full activity 90 
5.0 Excellent, highly vigorous progressive and waves in all directions 100 
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citrate, fresh semen was added at a rate of 0.2ml of 
semen to 7.5 ml of diluents. 
 
Extended semen evaluation 
A drop of extended semen was placed on a sterile 
slide. The slide was examined for sperm motility using 
method described by Zemjanis (1977). The evaluation 
was carried out at 0, 1, 2, 3, 4, 5, 6, 7, 8 and 24 hours 
of storage at room temperature. 
 
Statistical analysis 
Descriptive statistical analysis was used. Mean and 
standard error of the mean were calculated. 
Differences of mean was compared using one way 
Analysis of Variance (ANOVA). Tukey multiple 
comparison was used to separate significant mean 
scores at confidence level of 95%. 

 
Results 
The mean pH of the diluents: 100% Mango (M), 100% 
Carrot (C), 90%M10%C, 90%C10%M, 70%M30%, 
30%M70%C, 50%M50%C, were 5.68±0.05, 6.39±0.06, 
5.57±0.18, 6.40±0.14, 4.56±0.11, 5.39±0.05 and 
5.80±0.05 respectively (Table 3). The mean ejaculate 
volume was 0.8±0.00ml. The semen colour observed 
was creamy. The mean pre-extended spermatozoa 
motility, percentage morphological abnormalities, 
concentration and percentage liveability were 
94.5±4.5%, 7.0±2.83%, 0.3×109 spermatozoa/ml and 
88.75±2.5% respectively (Table 4). The spermatozoal 
morphological abnormalities cut across the head, 
midpiece and tail of the spermatozoa (Table 5). 

 
Table 2: Graded mango-carrot juice mixtures 

Diluents Mango juice% Carrot juice% 

1 10 90 

2 30 70 
3 50 50 
4 70 30 
5 90 10 
6 100 0 
7 0 100 

 
 
Table 3: Mean pH values of Diluents (n=5) 

Diluents+ 
buffer  

100%M 100%C 90%M 10%C 90%C 10%M 70%M 30%C 70%C 30%M 50%M 50%C 

pH 5.68±0.05 6.39±0.06 5.57±0.18 6.40±0.14 4.56±0.11 5.39±0.05 5.80±0.05 

 
 

Table 4: Pre-extension spermatozoa characteristics (n=2) 

Sperm 

Characteristics 

Sperm Motility 

(%) 

Sperm Concentration 

(Sperm cell/ml) 

Percentage Morphological  

abnormalities 

Percentage spermatozoa 

liveability 

Mean±SD 94.5±4.5%, 0.3x109   7.0±2.83%, 88.75±2.5% 

 
 

Table 5: Mean pre-extended spermatozoa morphological abnormalities 

 FT FH BT CT DwT AcD MPB Total number of 
spermatozoa 

Total Abnormal 
sperm cells 

Normal sperm 
cells 

Trial 1 2  6 1 0 0 0 0 100 9 (9%) 91(91%) 
Trial 2 3 1 0 0 0 1 0 100 5 (5%) 95(95%) 
Mean±SD 2.5±

0.71 
3.5±
3.53 

0.5±
0.71 

0.0±
0.0 

0.0 ± 
0.0 

0.5±0.
71 

0.0 ± 
0.0 

100±0.0 7.0±2.83 
(7.0±2.83%) 

93.0±2.83 
(93.0±2.83%) 

KEYS: FT: Free tail (Headless); FH: Free head (Tailess); BT: Bent tail; CT: Coiled tail; DwT: Dwarf tail; AcD: Acrosomal defects 
and MPB: Mid-piece Bent 
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At zero hour post extension, 30%M 70%C had a 
significantly lower motility score of 74±19. 17% 
compared to Egg yolk citrate (99.6±0.55%) which gave 
the highest score, 50%M 50%C (89±2.24%) and 
100%C (94±2.24%) (p≤ 0.05). 
At one hour post extension, motility score of 100%C 
group had reduced to 31±2.24% and was significant 
compared to EYC (98±1.20%), 30%M 70%C 
(61±2.24%), 50%M 50%C (89±2.24%), 70%M 30%C 
(51±2.24%), 90%M 10%C (83±2.74%), 90%C 10%M 
(49±2.24%) and 100%M (81±2.24%) at p≤ 0.05. The 
score of 100%C group further reduced at two hours 
post extension to 11±2.24% significantly when 
compared with EYC (95±1.79%), 30%M 70%C 
(68±5.70%), 70%M 30%C (50±3.54%), 50%M 50%C 
(88±2.74%), 100%M (50± 3.54%), 90%M 10%C 
(80±0.00%) and 90%C 10%M (50±3.54%) (p≤ 0.05.) 
At three hours post extension, 100%C motility score 
had become 0% compared to EYC (94±3.19%), 30%M 

70%C (40±3.54%), 70%M 30%C (46±2.24%), 50%M 
50%C (73±2.74%), 100%M (50± 3.54%), 90%M 10%C 
(45±0.00%) and 90%C 10%M (30±3.54%) (p≤ 0.05.) 
At four hours post extension, EYC had the highest 
motility score (93±2.74%) followed by 90%M10%C 
(59±5.48) and both were significantly different from 
other diluents when compared with them. This trend 
repeated itself at five hours, six hours, seven hours 
and eight hours post extension. 
At twenty-four hours post extension, EYC motility 
score had reduced to 31±2.24% and was significantly 
different from all other diluents, while 90%M10%C 
had a motility score of 9.6±1.01% that was 
significantly different compared with the other 
diluents except EYC. 
Proximate analysis done for the best diluent 
combination (90%M10%C) and 100%M revealed 
5.17±0.00% and 15.84±0.099% carbohydrate content 
respectively (Table 6). 

 
Table 6: Proximate analysis of 100%M   90%M 10%C 

S/n Diluent Trials MC% Dry matter Ash% Fat% CF% CP% CHO% 

1 100%M 1st 75.47 24.53 1.93 1.40 0.09 5.25 15.91 
2nd 75.45 24.55 1.99 1.42 0.10 5.27 15.77 
Mean 75.46±0.014 24.54±0.014 1.96±0.042 1.41±0.014 0.095±0.007 5.26±0.014 15.84±0.099 

2 90%M10
%C 

1st 93.41 6.59 0.18 0.10 0.02 1.12 5.17 
2nd 93.44 6.56 0.16 0.09 0.03 1.11 5.17 
Mean 93.43±0.021 6.575±0.021 0.17±0.014 0.095±0.007 0.025±0.007 1.115±0.007 5.17±0.00 

Keys: MC: Moisture content; ASH: Ash content; FAT: Fat content; CF: Crude fiber; CP: Crude protein and CHO: Carbohydrate 
 
 

 

 

 
Figure 1: Motility means at zero hour 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 Figure 2: Motility means at one hour 
Legend: Y axis- Means of zero hour and X axis- Diluents 
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Figure 3: Motility means at two hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 Figure 4: Motility means at three hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 

 

 

 
Figure 5: Motility means at four hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 Figure 6: Motility means at five hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 

 

 

 
Figure 7: Motility means at six hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 Figure 8: Motility means at seven hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 
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Figure 9: Motility means at eight hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 Figure 10: Motility means at nine hours 
Legend: Y axis- Means of zero hour and X axis- Diluents 

 
Discussion 
The mean ejaculate volume collected was 0.8ml and 
fell within the range of 0.3-1.0ml reported by 
Oyeyemi et al. (2009) for West African dwarf ram. The 
semen colour observed was creamy aligning with the 
finding of Oyeyemi et al. (2009). The pre-extended 
motility of the spermatozoa was 94.5±4.5% and 
higher than the value of 83% obtained by Hossian 
(2013). The mean pre-extended spermatozoa 
normality was 93±2% and was within the range 
reported by Robert & Walker (2007). At zero hour 
post extension, 100%C had a high motility score of 
94±2.24% which could be attributed to carrot 
nutrient composition and their antioxidant 
properties. Also the pH of 100%C (6.39±0.06) was 
within the normal range for ram semen (5.9- 7.3.; 
Singh, 2005). However, there was a drastic drop in 
motility of this diluent (100%C) from zero hour to one 
hour post extension (31±2.24%) and eventually to 
three hours post extension at which the score had 
become 0%. This drastic reduction might have arisen 
because of the rapid fermentation of carrot juice at 
room temperature thereby increasing the pH of the 
storage medium ultimately becoming spermicidal. At 
Four to Eight hours post extension, motility values of 
100%M and 90%M 10%Cwere better compared with 
other graded diluents and fell within the range 
acceptable for successful artificial insemination in the 
ovine species (30%) (Robert & Walker, 2007). At these 
hours, 90%M10%C appeared better than 100%M 
probably because of the added value of beta carotene 
provided by 10% carrot as against its absence in 100% 
mango. Also, the fermentation of the 10% carrot 

could probably be insignificant to cause spermicidal 
effect in the diluents. 
Egg yolk citrate shows good semen keeping quality 
above all the graded diluents from zero hour to 24 
hours post extension as it sustained spermatozoa 
motility score well into 24 hours post extension 
(31±2.24%). The ability of the diluents; 100%M and 
90%M10%C which had more mango to have motility 
scores comparable to egg yolk citrate up to the eight 
hour maybe due to its rich carbohydrate content as 
established from the proximate analysis done for 
100%M and 90%M10%C. This carbohydrate serves as 
energy source enhancing spermatozoa survival 
(Sengupta et al., 2020). Mango is also rich in 
antioxidants, vitamins minerals and phytonutrients 
which are important for sperm viability. The pHs of 
the two diluents were also consistent with the 
requirement (5.9-7.3) for spermatozoa survivability. 
However, non-measurement of pH of the diluents, 
post-semen extension, is a limitation of this study. 
In conclusion, this study shows that a diluent 
combination of 90% mango 10% carrot and a diluent 
of 100% mango juice can sustain at room 
temperature, ram spermatozoa motility up to eight 
hours post extension, thus recommended for use as 
semen extenders for the preservation of semen 
within eight hours of post extension in this specie. 
However, storage at refrigerator temperature is 
recommended as this may present better storage 
compared to room temperature storage. 
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