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SUMMARY 

 

 Two methods of semen collection from dromedary camel bulls, including electro-ejaculation (EE) versus 

conventional artificial vagina (AV) were compared in term of their effects on reaction time, physical semen 

characteristics, sperm biometry, alkaline comet assay of spermatozoa, sperm freezability. Effects on 

concentration of testosterone, some minerals and biochemicals as well as activity of some enzymes in blood 

serum of camel bulls were also evaluated. Results showed that using EE significantly increased reaction time, 
total sperm output per ejaculate, head length and tail width of spermatozoa, total percentage of sperm head 

showing comet and serum aspartate transaminase (AST) activity. On the other hand, EE significantly decreased 

sperm cell concentration, serum cholesterol, magnesium, zinc, inorganic phosphorus and testosterone 

concentrations. However, ejaculate volume, percentages of total motility, forward motility, dead, abnormality 

and acrosome damage of spermatozoa, head width, tail length,  and total length of spermatozoa, grades of 

comet assay, sperm freezability, concentration of total proteins and their fraction, serum Na, Ca and K 

concentrations and activity of alanine transaminase (ALT) and alkaline phosphatase (ALP) were not affected by 

collection method. Electro-ejaculation is considered as a suitable and repeatable technique for semen collection 

from dromedary camel bulls when semen collection by conventional artificial vagina is not possible. 
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INTRODUCTION  
 
 The dromedary camels (Camelus dromedarius) 

are extremely important livestock species in the arid 

and semiarid zones in Africa and Asia. Camels 
contribute significantly to the livelihood of the 

pastoralists and agro-pastoralists living in the fragile 

environments (Abbas et al., 2000 and Tura et al., 

2010). Low reproductive performance is one of the 

most important factors affecting camel productivity 

compared to other domestic species. Factors 

contributing to low fertility in camels are many and 

complex, for example; the advanced age at puberty 

(3-4 years) and hence late age at first calving, the 

limited libido of males and hence limited breeding 

opportunities, the relatively short breeding season. 
The importance of maintenance of high levels of 

reproduction in camel is not only for profitable 

production but also to provide ample opportunities 

for selection and genetic improvement.  

 Artificial insemination (AI) is a well-accepted 

method used to achieve faster genetic improvement 

in livestock species. AI is claimed to have been 

highly successful in Bactrian camels (Arthur, 1992), 

but results have been less encouraging in dromedary 

camels. Semen collection from camels is considered 

to be a difficult task because of the intra-corneal 

semen deposition (Franco et al., 1981) and a long 
copulation interval and copulation at ground level 

(Arthur and Tigani 1990). Refusal to serve the 

artificial vagina (AV), incomplete ejaculation and 

sand contamination are other associated problems 

(Aminu Deen et al., 2003). 

 Although AV is considered the most suitable and 
repeatable technique for semen collection from the 

males of camelids (Lichtenwalner et al., 1996), other 

methods of semen collection have been reported for 

camelids. Semen can be collected by electro-

ejaculation (EE), intra-vaginal sponges or passeries, 

post-coital vaginal aspiration and fistulation of the 

urethra (Sumar, 1991). The two main techniques used 

for semen collection from the dromedary camel are 

AV and EE techniques (Lichtenwalner et al., 1996). 

EE was used when semen collection by AV is not 

possible, since the characteristics of semen recovered 
by EE are similar to that collected by AV (Musa et 

al., 1992). 

 Semen collection from camels using EE requires 

tranquility of the animal with a special restraint 

(Hemeida et al., 2001). Semen volume collected by 

EE is usually less than that obtained by AV, but other 

semen parameters are nearly similar in both 

techniques (Marai and Zeidan 2007 and Tibary and 

Momen, 1999).  

 Testosterone concentration in peripheral blood 

could be helpful in evaluating testis activity, sexual 

desire of animal and spermatogenesis (Hafez and 
Hafez, 2000). Improvement of semen collection has 

been considered as an important step for 

generalization of artificial insemination (AI) in the 

camel (Sieme et al., 1990).  Success of AI is 
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dependent on the biophysical properties of semen 

obtained and its capacity for dilution and storage with 

minimum loss of fertilizing ability. Frozen semen of 

camel has not been as extensively studied as that of 

other species (Chen et al., 1990). Cryopreservation of 

camel spermatozoa is inefficient, primarily owing to 

lack of knowledge regarding camel sperm physiology 

and the viscous nature of the seminal plasma (Bravo 

et al., 2000a). Camel spermatozoa are generally not 

tolerant to freezing and thawing procedures (Morton 

et al., 2009). The first published work on deep 
freezing of the camel spermatozoa dates to the late 

1970s (Graham and Schmehl, 1978) using zoo 

camels and electro-ejaculated semen frozen in 

pelleted form, but the results achieved on thawing 

were unsatisfactory. Musa et al. (1992) modified the 

technique described by Westendorf et al. (1975) to 

compare different methods of freezing the camel 

semen and to test post-thawing motility, morphology 

and lifespan of spermatozoa. 

 Therefore, the present study was conducted to 

evaluate effect of using artificial vagina or electro-
ejaculation as methods of semen collection on semen 

quality, DNA fragmentation biometry and 

freezability of spermatozoa, and biochemical changes 

in blood serum of dromedary camel bulls. 
 

MATERIAL AND METHODS 

Animals: 

 Total of eight male Maghrabi camels (Camelus 

dromedarius), aging 7 to 10 years and weighing 500–

600 kg raised at the Animal Production Research 

Institute, Dokki, Giza, Egypt (Center of Studies and 

Development of Camel Production, Marsa Matrouh 
Governorate, Egypt) were used for semen collection 

in this study. On a daily basis, each camel received 5 

kg concentrate feed mixture, 5 kg rice straw and 10 

kg green food (Alfa alfa) twice daily, while water 

was offered ad libitum. 
 

Semen collection: 

 Throughout the collection period, semen was 

collected twice a week using two techniques, 

artificial vagina and electro-ejaculation, from 4 

animals for each semen collection technique. 

Throughout the collection period of semen (breeding 

season, January-March), ambient temperature varied 

between 10 and 25°C 
 

Artificial vagina technique (AV): 

 Semen was collected by a modified bovine 

artificial vagina as described by Zeidan (2002). 

Semen was collected using a long plastic sleeve 

sealed at one end and inserted within the latex inner 

lining of the AV. To keep temperature constant, the 

whole AV was covered with an electric warm cover. 
Temperature stability was controlled using a 

precision sensor attached to the AV. Once the male 

mounted the female, the prepuce was directed toward 

the AV opening. 
 

Electro-ejaculation technique (EE): 

 On the day of semen collection, bull was secured in 

sternal recumbence and then turned on his side as 

described by Tingari et al. (1986). The animal is 

restrained physically with ropes and chemically by 

sedation with 2.5 ml of 20 mg/ml xylazine (xylaject, 

Adwia co., Egypt). Electro-ejaculation was achieved by 

using bovine electro-ejaculator (Mini-Tube, Germany).  

The rectal probe was lubricated with a copious amount 

of jelly, to ensure good contact with the mucosa, and 

applying electrical impulses of 12 volts. Two sets of 

stimulation are generally used, each lasts for 2.5 minutes 

that consisted of 10-15 pulses of 3-4 seconds duration, 

with a rest of 2 minutes between each two series of 
impulses (total time of the process is 7 minutes). The 

collection is made into a water-jacketed flask held at the 

prepucial orifice with occasional milking of the prepuce 

to expel all the semen (Skidmore et al., 2013). 

 All semen collections were performed by the 

same operator for each technique. Duration of semen 

collection (reaction time) was recorded in term of the 

time elapsed from start of semen collection up to 

complete ejaculation of each camel bull. 
 

Semen evaluation: 

 Immediately after semen collection by either 

method, ejaculate volume (ml) was determined in 

graduated collection tube. Sperm motility patterns 

were classified as either total or forward progressive. 

Sperm displaying forward progressive motility when 
the distance traveled was greater than one body 

length per second, and sperm that did not display 

forward motility were considered oscillatory. 

Percentage of sperm motility was estimated 

subjectively on a pre-warmed slide using phase 

contrast microscopy (x 100). 

 Sperm livability was assessed using the eosin-

nigrosin stain by a light microscope (400×). Live 

spermatozoa (unstained ones) and dead spermatozoa 

(stained ones) were counted in field of a total of 200 

spermatozoa, then dead sperm percentage was 

calculated. Sperm abnormalities percentage was 
determined during the examination of live/dead 

sperm percentage at a high power magnification 

(400x), according to the classification adopted by 

Blom (1983). 

 Sperm cell concentration (SCC x 106/ml) was 

evaluated by Neubauer hemocytometer. Examination 

of the acrosome status was carried out using Giemsa 

stain at 37 oC for 3 h. The percentage of spermatozoa 

with intact/damage acrosome was conducted 

according to Watson (1975). 

 Total sperm output (TSO) per ejaculate was 
calculated as following: TSO/ejaculate=Ejaculate 

volume (ml) x SCC (ml). 
 

Sperm biometry: 

 Biometry of spermatozoa was measured using 
calibrated eye-piece micrometer scale (Hemeida, 

1972). Mensuration of spermatozoa biometry was 

carried out on sperm-abnormality smears stained by 

Eosin-Nigrosin stain according to Campbell et al. 

(1956). The parameters of the mensuration of 

spermatozoa included length and width of sperm 

head as well as length and width of sperm tail 
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according to Bretschneider (1948) and Kononov 

(1968). 
 

Comet assay (Single cell gel electrophoresis assay): 

 The alkaline comet assay of spermatozoa (Hughes 

et al., 1996 and 1997) was carried out. For each 

sample, three slides were prepared. Fully frosted 

glass slides were covered with 100 µl of 0.5% normal 

melting point agarose, a cover slip was added and the 

agarose was allowed to solidify. The cover slips were 

removed and 1 x 105  sperm cells in 50 µl PBS (7.2 

pH) were mixed with 50 µl of 1.2% low melting 

point agarose and used to form the second layer. The 
slides with cover slips removed were then placed in 

lysis buffer for 1 h (2.5 M NaCl, 100 mM NaEDTA, 

10 mM Tris, 1% Triton X  at a pH value of 10). The 

slides were then incubated at 37°C in 100 µl/ml of 

proteinase K in lysis buffer overnight. After draining 

the proteinase K solution from the slides, they were 

placed in a horizontal electrophoresis unit filled with 

freshly prepared alkaline electrophoresis solution 

containing 300 mM NaOH and 1 mM EDTA for 20 

min to allow the DNA to denature.  Electrophoresis 

was performed at room temperature, at 25 V (0.714 

V/cm) and 300 mA, obtained by adjusting the buffer 

level, for 10 min. The slides were then washed with a 

neutralizing solution of 0.4 M Tris at pH 7 to remove 

alkali and detergents. After neutralization, the slides 

were each stained with 50 µl of 20 µg/ml ethidium 

bromide (Sigma) and mounted with a cover slip. All 

steps were carried out under yellow light to prevent 

further DNA damage. A total of 200 sperm cells were 
examined under fluorescent microscope (x 400) and 

the percentage of spermatozoa with COMET were 

recorded and categorized. The comets were classified 

into 4 grades (A-D) according to the tail length as 

was described by Shamsi et al. (2010). Different 

comets of spermatozoa examined in this study are 

presented in Fig. (1). Total percentage of sperm head 

showing comet was also calculated. 

 

 
Figure 1. The alkaline comet assay of spermatozoa showing different comets. Comets having tail length 

≤20, 20.01-30.00, 30.01-40.00 and > 40 μm were classified as grades A, B, C and D, respectively 

 

Freezing procedures: 

 Semen was extended in Shotor diluent (214.6 mM 

tris, 64.2 mM citric acid, 66.6 mM glucose, and 49.9 

mM fructose, 20% v/v egg yolk and 500I.U.ml 

Penicillin + 500µg Streptomycin sulphate/100 ml 

distilled water and having an osmolality level of 330 

mOsm/kg and pH of 6.9) (Niasari-Naslaji et al., 

2006). 

 Extended semen (1 semen: 2 extender) and the 

final pre-freezing extension rate (1 semen: 4 

extender) were used. Semen which was extended to 

the half of the proposed extension rate of 1 semen: 2 
extender (fraction A) of the extender (non dimethyl 

sulfoxide, DMSO portion of the extender) at 37°C. 

When the half extended semen has reached at 5°C 

(fraction B) of the extender (containing of 12 % 

DMSO) was then added at the same temperature, to 

obtain 6% final DMSO concentrations and final 

extension rate of 1:4 (semen: extender). Extended 

semen with glycerol or DMSO and their combination 

were left at 5 °C for up to 4 hours as an equilibration 

period. Diluted semen was then sampled in 0.25 ml 

small straws. Then, specimens were placed on a rack 

standing at 5 cm above the surface of liquid nitrogen 

during 5 min and at the surface of liquid nitrogen 

during 5 min, after that straws were immersed into 

liquid nitrogen. After 1 week, frozen semen straws 

were thawed at 37 °C for 30 second. Post thawing 

motility was checked after 0, 1, 2 and 3 h of 

incubation in a water bath at 37°C. 
 

 

Analytical analysis: 
 At the end of the semen collection period, blood 

samples were collected from the Jugular vein of 

camel bulls in each group (AV and EE).  Blood 

samples were collected in clean test tubes and blood 

serum was separated by centrifugation of the 

collected blood at 15 g for 10 min then, serum was 

kept frozen at –200C until chemical analyses. 
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Biochemical concentration: 

 Concentration of total proteins (Weichselbaum, 

1946), albumin (Doumas and Biggs, 1976) and total 

cholesterol (Allain et al., 1974) was determined 

calorimetrically using commercial kits. However, 

globulin concentration was calculated by subtracting 

albumin from total proteins concentration. 
 

Mineral determination: 

 Concentration of sodium (Trinder, 1951), calcium 

(Gindler, 1972), potassium (Taylor and Shea, 1930), 
inorganic phosphorus (Kuttner and Lichtenstein, 

1930), and zinc (Willis, 1960) in blood serum were 

determined colourimetrically. 
 

Enzyme activity: 

 Activity of aspartate transaminase (AST) and 

alanine transaminase (ALT) in blood serum was 

determined calorimetrically using commercial kits 

(QCA, Amposta, Spain) according to Ritman and 

Frankle (1957). However, activity of alkaline 

phosphatase (ALP) was determined calorimetrically 

using commercial kit (Stanbio, Texas, USA) 
according to Graham and Pace (1967). 
 

Hormonal assay: 

 Testosterone concentration was determined by 

Radioimmunoassay Technique (RIA) of Coa- Ab-

Count kits (Diagnostic Products Corporation-Los 

Angles, USA) according to Aubert and Chard (1977) 

and Pratt (1978). In addition, estrogen (estradiol 17-

β) was determined using commercial kit (Diagnostic 

Automation, INC.) according to Ashby et al. (1980). 
 

Statistical analysis: 
 The data were statistically analyzed by 

completely randomize system (SAS, 2002) according 

to the following Model: Y
ij 

= µ + M
i
 + e

ij
, where Yij = 

an observation, µ = the overall mean, M
i
 = the fixed 

effect of ith methods of collection (i= 1, 2), and e
ij = 

random error. Significant differences between means 

were determined by Duncan's Multiple Range test 

(Duncan, 1955). 

 

RESULTS AND DISCUSSION 
 

Effect of camel semen collection technique on: 
 

Reaction time and physical semen characteristics: 

 Results presented in Table (1) show that reaction 

time and total sperm output were significantly 

(P<0.001 and P<0.01, respectively) increased by 

about 145 and 26% with EE as compared to AV. 

Meanwhile, sperm cell concentration was 

significantly decreased from 297.4 for AV to 203.0 x 

106 for EE. However, other sperm characteristics 

were not affected by collection technique.  

 It is of interest to note that increasing total sperm 
output (P<0.01) despite decreasing sperm cell 

concentration (P<0.001) for EE was mainly 

associated with insignificant increase in ejaculate 

volume for EE as compared to AV (7.84 vs. 5.91, 

P<or >0.05). 

 Also, EE increased percentage of total motility 

and abnormality, while it decreased percentage of 

dead and acrosome damage of spermatozoa, but the 

differences were not significant (Table 1). 

 In comparable with the present results, reaction 

time of dromedary camel bulls ranges between 3 and 

20 min using AV (Tibary and Anouassi, 1997), 
between 5 and 12 min in conventional AV method 

using a teaser female and 20–45 min using artificial 

dummy (El-Hassanein, 2003). However, no data are 

available on reaction time of camel using EE. 

 It is of interest to note that the obtained reaction 

time had a positive relationship with ejaculate 

volume in each group. 
 

Table 1. Effect of semen collection technique on reaction time and semen characteristics of dromedary 

camel bull 

Item 

Collection technique 

Significance Electro-

ejaculation 

Artificial vagina 

Reaction time (sec.) 13.3±0.401 5.4±0.324 *** 

Ejaculate volume (ml) 7.8±0.757 5.9±0.445 NS 

Forward progressive motility (%) 64.0±3.674 58.0±2.549 NS 

Forward motility (%) 42.0±1.225 42.0±3.000 NS 

Live/dead ratio (%) 23.2±1.828 26.4±2.580 NS 

Sperm abnormalities (%) 11.0±1.095 9.0±0.707 NS 

Acrosome damage (%) 7.6±1.288 8.4±0.509 NS 

Concentration (x 106/ml) 203.0±15.215 297.4±9.912 *** 

Total sperm output (x 106/eiac.) 1594.8±54.036 1265.2±76.32 ** 
NS: Not significant. ** Significant at P<0.01.  *** Significant at P<0.001  
 

 In accordance with the present results, several 
authors found an increased ejaculate volume using 

EE as compared to AV. Giuliano et al. (2008) found 

greater semen volumes in llama for EE compared to 

AV. Also in bovine bulls, Foote (1974) reported that 

semen samples collected by EE are usually of larger 

volume than samples obtained with AV. Barszcz et 

al. (2012) found that EE resulted in greater semen 

volume of bovine bulls. It is generally accepted that 
EE often yields ejaculates which are far more 

voluminous than those collected by means of AV 

(Mann, 1964). On the other hand, Bravo et al. (2000 

b) reported that dromedary camel semen volume was 

higher with AV than EE (7.5 vs. 3.9 ml). 

 The obtained ejaculate volume in the present 

study by EE (7.84 ml) was higher than the 3.9 ml 
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(Bravo et al., 2000 b) obtained by EE, and the 3.8 ml 

reported earlier by Tingari et al. (1986) using EE. 

Under traditional AV using teaser females, higher 

ejaculate volume (12.6 and 6.87 ml) than that 

reported in our study (5.4 ml) was reported by Abdel-

Raouf and E1-Naggar (1978) and El-Hassanein 

(2003), respectively. However, much higher ejaculate 

volume was obtained by the later author (17.75 ml) 

using artificial dummy. On the other hand, the 

present semen volume collected by AV was higher 

than the 4.35 ml reported by Tibary and Anouassi 
(1997). 

 The observed increase in ejaculate volume by EE 

than AV can probably be explained by the generally 

increased volume of accessory fluid that is associated 

with EE. Giuliano et al. (2008) suggested that the 

greater volume of semen with EE could be produced 

by the electrical stimulation of the accessory sex 

glands. 

 In agreement with the present results on camel 

semen, Bravo et al. (2000 b) found lower sperm cell 

concentration with AV than EE, while no differences 
were found in percentage of motility, livability, and 

acrosome abnormality of spermatozoa camel bull 

semen. Also in bovine bull semen, Barszcz et al. 

(2012) found the same trend of both techniques (AV 

and EE) in sperm concentration, while no differences 

were apparent in the proportions of morphologically 

normal, live or actively progressive sperm. 

 Although the present total sperm output/ejaculate 

is well in accord with earlier findings which 

confirmed that the total sperm count of EE far 

exceeds values of bull semen collected by means of 

AV (Mann, 1964 and Foote, 1974), earlier reports 

showed that sperm density in semen collected by EE 

was almost double that which was collected by AV 

(Abdel-Raouf and E1-Naggar, 1978 and Tingari et 

al., 1986). Also, Giuliano et al. (2008) in llama 

reported similar total number of spermatozoa with 

AV and EE, which contrasted the present trend of 
differences in sperm cell concentration in our study. 

 Generally, using EE increased total sperm output 

with higher percentage of total motility, livability and 

intact acrosome spermatozoa, which may indicate 

beneficial effects of this method on collection of 

good quality semen in term of total count of motility, 

livability and fertilizing ability of camel spermatozoa. 

Such results indicated successful semen collection in 

dromedary camel bulls using EE as concluded in 

llama males (Director et al., 2007). 
 

Sperm biometry: 

 Data presented in Table (2) revealed effect of 

semen collection technique on biometry of camel 

spermatozoa only  in terms of increasing head length 

and middle piece and tail width (P<0.05) by EE as 
compared to AV. However, head shape index and 

tail/head length index were maintained by both 

methods. 

 

Table 2. Effect of semen collection technique on sperm biometry of dromedary camel bull 

Item 
Collection technique 

Significance 
Electro-ejaculation Artificial vagina 

Sperm head (µm): 

Length 6.61±0.040 6.16±0.017 * 

Width 2.97±0.07 2.91±0.014 NS 

Shape index 0.45 0.47 - 

Sperm middle-piece and tail (µm): 

Length 45.9±0.033 45.8±0.151 NS 

Width 1.4±0.057 1.1±0.020 * 

Total sperm (µm): 

Total length 51.6±0.162 51.6±0.149 NS 

Tail/head length index 6.94 7.40 - 

Shape index = Width/length ratio. Total index = Tail length/head length ratio. 
NS: Not significant. ** Significant at P<0.01. *** Significant at P<0.001. 
 
 As mentioned in earlier reports, the shape of the 

head of camel spermatozoa is elliptical and thus 

differs from the general ovoid shape characteristic of 

spermatozoa in bovine (Tingari et al., 1986). Camel 
sperm is smaller than that of other domestic animals 

including bull, buffalo, ram, ass and stallion. Length 

of head and middle piece of the camel spermatozoon 

is shorter than those of other animals while its tail is 

longer than that of boar and stallion spermatozoa and 

shorter than all others (Tingari et al., 1986). The 

present sperm biometry are slightly lower than that 

reported by Tingari et al. (1986), who recorded that 

camel sperm dimensions were 5.53, 6.9, 35.6 and 48 

µm for length of head, middle-piece, tail and total 

length of sperm, respectively. 

 Also, Abdel-Raouf and E1-Naggar (1976) found 

corresponding lengths of 5.6, 7.3, 34.2 and 47.2 µm, 
respectively. 

 There are no available data on camel sperm 

biometry as affected by EE, but according to the 

previous findings on sperm biometry in semen 

collected by AV, and these reported by both methods 

in this study, the present results indicated marked 

effect of semen collection method (AV and EE) on 

camel sperm biometry. 
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Comet assay of spermatozoa: 

 Examination of the alkaline comet assay of 

spermatozoa (Table 3) revealed that spermatozoa 

showing all grades of comet assay (G A-D) were 

higher in semen collected by EE than in AV, but the 

differences were not significant. These results were 

reflected in significantly (P<0.01) higher total 

percentage of sperm head showing comets in semen 

collected by EE than in AV. Such results indicated 

superiority of semen collection by EE on sperm DNA 

integrity of camel bulls as compared to AV method. 

 

Table 3. Effect of semen collection technique on sperm DNA integrity of dromedary camel bull using 

comet assay 

Item 
Collection technique 

Significance 
Electro-ejaculation Artificial vagina 

Grade1 (%) 2.20±0.374 1.80±0.339 NS 

Grade2 (%) 1.10±0.245 0.70±0.339 NS 

Grade3 (%) 0.30±0.300 0.30±0.122 NS 

Grade4 (%) 0.10±0.100 0.10±0.100 NS 

Total (%) 3.58±0.334 2.80±0.489 NS 

Grade A, B, C and D: Comets having tail length less than 20, 20.01-30.00, 30.01-40.00 and >40 μm, respectively. NS: Not 
significant. 
 

Table 4. Effect of semen collection technique on sperm motility (total and forward) in post-thawed semen 

of camel bull stored at 37 
o
C for different times 

Item 
Collection technique 

Significance 
Electro-ejaculation Artificial vagina 

Total sperm motility (%): 
0 h 26.6±1.300 30.0±4.183 NS 

1 h 17.8±1.158 22.8±3.292 NS 

2 h 10.8±1.068 12.8±3.292 NS 

3 h 3.8±0.970 5.2±1.933 NS 

Forward sperm motility (%): 
0 h 22.4±1.300 26.6±4.249 NS 

1 h 13.4±1.536 17.6±4.365 NS 

2 h 8.0±0.548 9.4±3.249 NS 

3 h 2.6±0.748 2.2±1.019 NS 

Recovery rate (%): 
Total motility 40.6 51.7 ---- 

Forward motility 52.4 54.8 ----- 
NS: Not significant. 

 

Sperm freezability: 

 Results of camel sperm freezability presented in 

Table (4) showed using AV increased both types of 

sperm motility percentage (total and forward 

motility) in post-thawed semen and stored at 37 oC 

for 3 h as compared to EE, though the differences 
were slight and insignificant. Several investigators 

found that there is no significant difference in 

freezability of bull spermatozoa obtained by AV and 

EE (Colleary and Ehlers, 1964 and Martig et al., 

1970). 

 The present results indicate a marked decrease in 

total and forward sperm motility, regardless 

collection technique, in post-thawed semen than in 

fresh semen. Such findings reflects higher recovery 

rate of total sperm motility in AV than in EE, and 

nearly similar recovery rate of forward motility in 
post-thawed semen collected by both techniques 

(Table 4). 

 It is worth noting that the initial motility 

percentage in fresh semen determines the percentage 

of forward motility in post-thawed semen, regardless 

collection technique. In this respect, Zhao et al. 

(1994) found that individual sperm motility was 53% 

in post-thawed camel semen when they used semen 

with high initial motility (78%) using different 

extenders. Using AV and EE techniques in our study, 

forward sperm motility was lower (23.8 and 22.4%) 

in post-thawed semen, because initial sperm motility 
was low (54.8 and 52.4%) in fresh semen, 

respectively. Moreover, accepted recovery rate of 

forward motility was obtained in semen collected by 

both techniques. Therefore, camel semen collected by 

EE is suitable for freezing and can be used for routine 

artificial insemination scheme. 

 

Blood parameters of camel bulls: 
 

Concentration of testosterone and some minerals: 

 Data in Table (5) showed that using EE 

significantly decreased concentrations of testosterone 
(P<0.05), cholesterol (P<0.01), magnesium (P<0.01), 

zinc (P<0.05) and inorganic phosphorus (P<0.05) in 

blood serum of camel bulls as compared to AV. 

However, the concentrations of sodium (Na), calcium 

(Ca) and potassium (K) were not affected 
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significantly by collection technique, although they 

showed a tendency of reduction by EE as compared 

to AV. 

 Testosterone is the main sex hormone controlling 

most of the reproductive functions including libido, 

later stages of spermatogenesis and the activity of 

accessory sex glands in male animals (Hafez and 

Hafez, 2000). The present values of testosterone in 

blood serum observed in the current study for bulls in 

EE and AV groups (2.16±0.43 and 1.44±0.32 ng/ml, 

respectively) were nearly similar to 1.92±0.61 ng/ml 
reported on dromedary camels during rutting period 

(Zia-ur-Rahman et al., 2007), while were lower than 

4.8±0.6 ng/ml as reported earlier for adult camels 

(Al-Qarawi et al., 2000). These discrepancies can be 

attributed to differences in the assay protocol used in 

each study (Zia-ur-Rahman et al., 2007). 

 Whitlock et al. (2012) found that significant 

increase in plasma cortisol concentrations in bulls 

following electro-ejaculation was likely owing to 

acute stress. In our study, using EE may represent a 

stress factor on camel bulls during semen collection, 
which may led to increased corticosterone level from 

adrenal cortex. Therefore, the observed reduction in 

testosterone concentration in bulls of EE group may 

be attributed to that the high levels of corticosterone 

decreased the number of LH receptors as well as 

testosterone production (Bambino and Hsueh, 1981). 

 It is of interest to note that the obsereved 

reduction in testosterone concentration in serum of 

bulls in EE group in this study was associated with 

increasing of reaction time and ejaculate volume as 

compared to those in AV group. In this respect, 
Aminu Deen (2008) recorded correlation coefficient 

values for testosterone, copulation time and volume 

of semen (r = 0.847, 0.798 and 0.957, respectively) 

showed positive correlation among endocrine and 

sexual libido parameters.  

 It is well known that steroid hormones, 

electrolytes and trace elements all play an important 

role in controlling the reproductive functions of the 

male and female animals. The present mineral values 

are within the normal range of dromedary camels 

(Zia-ur-Rahman et al. 2007). In camels, plasma 

testosterone concentrations have been found to be 

correlated significantly with the contents of Na, K, 

Ca and Mg in all genital organs but only with 
epididymal contents of P and Fe (Al-Qarawi et al., 

2000). In dromedary camels, higher serum 

concentrations of sodium, potassium, calcium and 

inorganic phosphorus in winter months have been 

reported earlier (Nazifi et al., 1999). The results of 

Zia-ur-Rahman et al. (2007) indicated that an 

increase in serum testosterone concentrations was 

associated with increased serum and testis levels of 

Na, Ca and Cu, while serum contents of K decreased 

with increase in serum testosterone level. In our 

study, this finding was proved for Na and Ca not K. 
Decreasing testosterone level in bulls of EE group 

reduced Na, Ca and K contents in blood serum as 

compared to AV group, but the differences were not 

significant. 

 In the male reproductive system, zinc ions by 

interacting with DNA of developing spermatids, 

facilitate the unique packaging of DNA in 

spermatocytes. During spermiogenesis, a high 

amount of zinc is incorporated in the outer dense 

fibers of sperms to protect them from premature 

oxidation. This may explain increasing sperm 
livability percentage (P<0.05) in semen of bulls in 

AV than in EE in relation with Zn content. 

 

Table 5. Effect of semen collection technique on concentration of testosterone and some minerals in blood 

serum of dromedary camel bull 

Item 
Collection technique 

Significance 
Electro-ejaculation Artificial vagina 

Testosterone (ng/ml) 1.44±0.32 2.16±0.43 ** 

Sodium (mg/dl) 31.66±3.357 30.656±4.673 NS 

Calcium (mg/dl) 5.71±0.839 5.63±0.575 NS 

Potassium (mg/dl) 2.70±0.735 3.35±0.931 NS 

Magnesium (mg/dl) 1.54±0.231 2.13±0.091 ** 

Zinc (µg/dl) 62.60±6.416 67.00±12.984 * 

Inorganic phosphor (mg/dl) 71.0±2.89 76.3±2.19 * 

NS: Not significant. * Significant at P<0.05. ** Significant at P<0.01. 
 

 

Concentration of some biochemicals and enzyme 

activity: 
 Data in Table (6) showed that only concentration 

of cholesterol and AST activity was affected 

significantly (P<0.01) by semen collection technique. 

Concentration of cholesterol was significantly 

(P<0.01) decreased and AST activity was 

significantly (P<0.01) increased for EE as compared 

to AV. However, activity of ALT and ALP in blood  

serum was not affected significantly by collection 

technique, although ALP activity showed a tendency 
of increase by EE as compared to AV. The tendency 

of higher concentration of total proteins and globulin 

in AV than in EE group may be due to testosterone 

concentration. Zia-ur-Rahman et al. (2007) observed 

that increasing serum testosterone concentration 

during rutting period may aid in the process of 

protein synthesis. However, limited literature 
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information is available on enzyme activity in serum 

in the dromedary camel bulla as affected by electro-

ejaculation. 

 

CONCLUSION 
 

 Based on the foregoing results, the proportion of 

successful semen collections was greater when using 

EE than AV. Using EE as the collection; ejaculates 

were obtained with higher volume, total sperm output 

per ejaculate and membrane integrity and without 

differences in sperm freezability. The most desirable 

results for the semen characteristics were obtained 

using EE as the semen collection method. Electro-

ejaculation is considered as a suitable and repeatable 

technique for semen collection from dromedary 

camel bulls when semen collection by conventional 

artificial vagina is not possible.  

 

Table 6. Effect of semen collection technique on activity of some enzymes and hormones in blood serum of 

dromedary camel bull 

Item 
Collection technique 

Significance 
Electro-ejaculation Artificial vagina 

Blood biochemicals: 
Total protein (g/dl) 4.90±0.341 5.47±0.313 NS 

Albumin (g/dl) 3.04±0.208 2.70±0.319 NS 

Globulin (g/dl) 1.88±0.307 2.77±0.424 NS 

Cholesterol (mg/dl) 17.08±2.390 30.85±4.030 * 

Enzyme activity (IU/l): 
AST 0.81±0.020 0.76±0.009 * 

ALT 0.53±0.010 0.56±0.025 NS 
ALP 51.85±14.428 29.29±7.347 NS 

NS: Not significant. * Significant at P<0.05 
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انقدزة انتجميديه وسلامت انحامض اننىوي نهحيىاناث انمنىيت نركىز انجمال وحيدة انسناو فً انسائم انمنىي انمجمع 

 باستخداو انمهبم انصناعً وانقاذف انكهسبائً
 

طازق حسن مصطفً
1

عاطف محسوض عبد انسلاو ،
1

ضياء اندين عبد انمؤمن انبدزي، 
2

عبيس محمد أنىز ،
2 

 

 ،مسكص انبحىث انصزاعيت، معهد بحىث انتناسهياث انحيىانيت -2، وشازة انصزاعت ،مسكص انبحىث انصزاعيت ،اج انحيىانًمعهد بحىث الإنت -1

 وشازة انصزاعت
 

فٙ حأثٛشْى عهٗ ٔقج سد انفعم،  (صطُبعٙ انخقهٛذ٘لإانقبرف انكٓشببئٙ يقببم انًٓبم ا) قٕسَج طشٚقخٍٛ نجًع انسبئم انًُٕ٘ يٍ الإبم 

نهحٕٛاَبث انًُٕٚت  تٚقذسة انخجًٛذانٔ تسلايت انحبيط انُٕٖٔ نهحٕٛاَبث انًُٕٚانحٕٛاَبث انًُٕٚت، قٛبسبث ئم انًُٕ٘ انطبٛعٛت، ٔخصبئص انسب

 إنٗ صٚبدةأدٖ انقبرف انكٓشٚبئٗ سخخذاو إ. أظٓشث انُخبئج أٌ فٗ سٛشو انذو بثٔحشكٛض انخسخٕسخٛشٌٔ ٔبعط انًعبدٌ فضلا عٍ َشبط الإَضًٚ

َضٚى انُبقم لإاَشبط  ٔكزنك صٚبدة ،هحٕٛاَبث انًُٕٚتن ٔعشض انزٚم شأطان، طٕل قزفت/هحٕٛاَبث انًُٕٚتانعذد انكهٗ نٔقج سد انفعم،  يعُّٕٚ فٗ

غٛش انعضٕ٘ انانفٕسفٕس ٔانضَك ٔٔانًغُٛسٕٛو انكٕنٛسخٛشٔل  كلا يٍض ٛحشكَخفبض يعُٕٖ فٗ إٔ، سٛشو انذوفٗ  (ASTنًجًٕعت الأيٍٛ )

طٕل رٚم عشض انشأط ٔ، ٔٔانشبرِ ًٛجانانًخحشكّ ٔ تنهحٕٛاَبث انًُٕٚ انُسب انًئٕٚتٔ انقزفت حجى بًُٛب نى ٚخأثش خٛشٌٔ. انخسخٕسْٔشيٌٕ 

الأَضٚى انُبقم نًجًٕعت الأيٍٛ ٔحشكٛض كلا يٍ انصٕدٕٚو ٔانكبنسٕٛو ٔانبٕحبسٕٛو َٔشبط انًُٕٚت انطٕل انكهٗ نهحٕٛاَبث  انحٕٛاَبث انًُٕٚت ٔ

(ALT) َٔضٚىإ ( أنكبنٍٛ فٕسفبحٛضALP) بطشٚقت جًع انسبئم انًُٕٖ. يعُٕٚب 

جًع  انسبئم  يكبَٛتإيُّ فٗ حبنت عذو أٚطشٚقّ  طشٚقت انجًع ببنقبرف انكٓشببئٙ حعخبش حقُٛت يُبسبت ٔقببهت نخكشاس نجًع انسبئم انًُٕ٘ يٍ الإبم 

 صطُبعٙ انخقهٛذ٘.لإبطشٚقت انًٓبم ا بملإيٍ ا انًُٕ٘

 
 

 

 

 

 

 

 

 

 

 

 
 


