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 Electroejaculation (EE) is an alternative technique for semen collection from 

untrained males or those with sexual behavior issues. However, its effects on semen 

quality in domestic ruminants remain inconsistent across studies. This study aimed 

to quantitatively evaluate the effects of EE on selected fresh and post-thaw semen 

quality parameters in the bull, male goat and ram, using a systematic review, meta-

analysis and meta-regression. The study followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A systematic 

literature search was conducted in PubMed, Scopus, EBSCOhost, ProQuest, 

ScienceDirect, and Google Scholar. Based on predefined inclusion and exclusion 

criteria, 18 studies during the period from 1990 to 2025 were included. Seven 

outcomes were evaluated including: semen volume, sperm concentration, total 

sperm motility, sperm morphology, and viability in fresh semen, as well as post-

thaw total sperm motility and DNA integrity. Standardized mean differences (SMD) 

were calculated using random-effects models. Heterogeneity was assessed using 

Cochran’s Q test and the I2 statistics. Publication bias was evaluated using funnel 

plots, Egger’s test and trim-and-fill analysis, while robustness was assessed through 

leave-one-out sensitivity analysis. Results showed that EE was positively associated 

with increased semen volume, while total sperm motility, sperm morphology, and 

post-thaw DNA integrity were not significantly affected. On the other hand, EE was 

significantly associated with decreased sperm concentration, sperm viability and 

post-thaw total motility. Meta-regression analysis showed that the overall effect size 

of EE compared with the artificial vagina (AV) method showed non-significant 

temporal change over the past three and a half decades. These findings indicate that 

EE remains a useful method for semen collection under specific circumstances. 
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INTRODUCTION 

 

Semen collection and evaluation is the basic 

procedure for breeding soundness examination (BSE) in 

domestic ruminants. The quality of collected semen is 

assessed, along with physical condition of the male to 

determine its reproductive ability (Harighi et al., 2022; 

Diaz-Miranda et al., 2024). Sperm motility and 

morphology are the most commonly considered 

parameters of the bull semen quality (Koziol and 

Armstrong, 2018; King and Hopper, 2024). While BSE 

guidelines for rams and male goats vary, sperm 

morphology, motility, and concentration are most 

commonly evaluated (Tibary et al., 2018; Harighi et al., 

2022). Besides BSE, semen collection is also the initial 

step for assisted reproductive technologies (ARTs), 

followed by semen preservation in either liquid form or 

through cryopreservation for artificial insemination 

(Bashar et al., 2025; Mulyati et al., 2025). The semen 

collection method is often overlooked, despite its potential 

influence on the interpretation of BSE in breeder selection 

or the success rate of ARTs. 
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In domestic ruminants, semen is collected through 

artificial vagina (AV) or electroejaculation (EE) 

procedures. The AV method mimics natural service, 

allowing the male to ejaculate voluntarily. Typically, AV 

requires prior training of up to 3 weeks in rams (Wulster-

Radcliffe et al., 2001). Prior adaptation and training for 3 

months successfully enabled semen collection using AV 

from all 3 Creole bulls (Argudo et al., 2019), whereas 4 

weeks of training in 20 South African indigenous male 

goats resulted in successful semen collection from only 8 

males using AV (Bopape et al., 2015). Although prior 

training is conducted, this does not guarantee that the 

male will be able to donate semen (Malejane et al., 2014; 

Bopape et al., 2015). This technique may be challenging 

when assessing large populations, such as male beef cattle 

for BSE. In contrast, EE offers several advantages, 

including the ability to collect semen from untrained 

males or those with sexual behavior issues and to obtain 

semen from a large number of animals rapidly and 

efficiently (Wulster-Radcliffe et al., 2001; Yotov et al., 

2020). However, EE is considered as an invasive 

procedure that may induce stress to the male (Khonmee et 

al., 2023; Kaka et al., 2025), which may affect quality of 

the collected semen. Although there are limited studies 

confirming this hypothesis by comparing EE and AV to 

measure both stress levels and sperm quality under 

controlled experimental conditions, most of the evidence 

instead focuses on sperm quality parameters (Argudo et 

al., 2019; Yotov et al., 2020; Lv et al., 2025). However, 

no consensus has been reached across studies in rams 

(Ledesma et al., 2014; Jiménez-Rabadán et al., 2016), 

male goats (Bopape et al., 2015; Lv et al., 2025), and 

bulls (León et al., 1991; Argudo et al., 2019). 

Understanding the potential influence of semen collection 

methods on sperm quality is necessary for improving 

breeding soundness examination and optimizing the 

success of reproductive technologies in livestock. 

To our knowledge, no quantitative study has 

comprehensively evaluated the overall effect of EE on 

semen quality in domestic ruminants. This inconsistency 

may lead to varying perspectives on the application of 

EE due to concerns regarding semen quality, beyond 

animal welfare issues. Hence, the main purpose of this 

study was to conduct a meta-analysis to assess the 

effects of EE technique on ejaculatory volume, sperm 

concentration, total motility, morphology, and viability 

of sperm in fresh semen, as well as total motility in 

frozen–thawed semen in bulls, male goats, and rams. In 

addition, the effect sizes of AV and EE across 

publication years were evaluated using meta-regression. 

The AV method was selected as the comparator because 

it is widely used and accepted as a non-invasive, and 

yields natural ejaculation. 

 

MATERIALS AND METHODS 

 

The study protocol was registered on the Open 

Science Framework (OSF; https://osf.io/xv8ej). The 

protocol and reporting of this study followed the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (Page et al., 2021). The 

search for relevant articles was conducted during the 

period from December 27, 2025 to January 24, 2026. 

Search strategy: The literature search was conducted in 

EBSCOhost, Google Scholar, ProQuest, PubMed, 

ScienceDirect, and Scopus. The following terms were 

combined using the Boolean operators “AND” and “OR”: 

“artificial vagina”, “digital manipulation”, “hand glove”, 

“electroejaculation”, “electro ejaculation”, 

“electroejaculator”, and “electro ejaculator”. Additional 

studies were identified by screening the references lists in 

the related studies (Page et al., 2021). 

 

Eligibility criteria: The inclusion criteria were based on: 

(1) population–bulls, male goats, and rams; (2) 

intervention–semen collection using electroejaculation; 

(3) comparison–between electroejaculation and the 

artificial vagina method; and (4) outcomes–at least one of 

the following parameters (ejaculatory volume, sperm 

concentration, total motility, viability, morphology, post-

thaw total motility, and DNA fragmentation or integrity of 

sperm). Studies published in languages other than English 

were excluded. There was no restriction on journal 

indexing to avoid overestimation of the true effects 

(McAuley et al., 2000). However, individual study 

appraisal was performed to assess study eligibility. Only 

studies published in or after 1990 were considered eligible 

for inclusion. Duplicate removal and title–abstract 

screening were conducted using the Rayyan Intelligent 

Systematic Review platform (www.rayyan.ai) 

independently. In cases of disagreement between the first 

and second reviewers, the issue was resolved through 

discussion until a consensus was reached or consultation 

with a third reviewer as an independent adjudicator, if 

needed. 

 

Data extraction: Data from the included studies were 

extracted into a Microsoft Excel worksheet and 

subsequently reviewed. The following data were recorded: 

author(s), year of publication, number of animals, sample 

sizes of both AV and EE groups, sperm concentration, 

semen volume, total motility, viability, normal 

morphology, frozen–thawed total motility, and DNA 

integrity, country, electro-ejaculator probe type and 

stimulation protocols. The mean and SD of all outcomes 

were recorded. Results presented in graphical form were 

extracted using Plot Digitizer (https://plotdigitizer.com/). 

Transformation and missing outcome values were 

carefully handled following the Cochrane Handbook for 

Systematic Reviews of Interventions (Higgins et al., 

2019). Further details of the data extraction strategies are 

provided in the registered protocol (https://osf.io/xv8ej).  

 

Quality appraisal of studies: The Systematic Review 

Centre for Laboratory Animal Experimentation 

(SYRCLE’s) tool was used to assess individual studies 

across the domains of selection bias, performance bias, 

detection bias, attrition bias, reporting bias, and other bias, 

comprising 10 indicators (Hooijmans et al., 2014). Studies 

with four or more high-risk judgments were excluded 

from the meta-analysis. To enhance data visualization, the 

results were presented as summary graphs using R 

(version 4.5.2; Comprehensive R Archive Network, 

Vienna, Austria), RStudio (version 2026.1.1.403), and the 

ggplot2 package (version 4.0.2; Wickham, 2016; Posit 

team, 2026). 

https://osf.io/xv8ej
https://osf.io/xv8ej
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Publication bias and sensitivity analysis: Sensitivity 

analysis was performed using the leave-one-out method to 

assess the influence of individual studies on the overall 

effect (Meng et al., 2024). If a study was found to exert an 

extreme influence on the overall analysis, exclusion was 

considered following comprehensive evaluation. Egger’s 

test and a funnel plot were performed to evaluate 

publication bias. A P-value less than 0.1 (P<0.1) indicated 

a significant presence of bias (Egger et al., 1997). 

Considering the small sample size of our meta-analysis 

(n=18 studies), a significance threshold of P<0.1 was used 

to increase the sensitivity of the test in detecting potential 

publication bias. This approach is also consistent with the 

original publication of Egger’s test (Egger et al., 1997). 

The trim-and-fill method was applied to address the 

potential presence of missing studies and to estimate the 

adjusted standardized mean differences (Duval and 

Tweedie, 2000). 

 

Statistical analysis: The effect size was calculated using 

a random-effects model with Hedges standardized mean 

difference (SMD) and a 95% confidence interval. 

Cochran’s Q test P-value and I2 were used to assess 

heterogeneity (Borenstein et al., 2009). I2 represents the 

percentage of variability in effect estimates that is 

attributable to heterogeneity. According to Higgins et al. 

(2003), heterogeneity was classified as high (75–100%), 

moderate (50–75%), low (25–50%), and no heterogeneity 

(0–25%). Significant heterogeneity was indicated when 

the P-value was less than 0.05 (P<0.05). Subgroup 

analysis was applied to explore the effects of EE on each 

related ruminant species (male goat, bull and ram). The 

trend over time was further assessed through meta-

regression. However, only outcome domains with at least 

10 studies were analyzed. Leave-one-out analysis, Egger’s 

test, funnel plot, trim-and-fill method, meta-analysis, 

meta-regression, and subgroup analysis were conducted in 

RStudio using the “meta” packages (version 8.2.1; 

Schwarzer, 2015; Harrer et al., 2021). 

 

RESULTS  

 

Characteristics of the included studies: The online 

database search resulted in 375 records, with an additional 

15 records identified through reference list screening. The 

database search yielding 375 records was performed on 

December 27, 2025, whereas the snowballing search 

identifying 15 records was conducted on January 20-24, 

2026. After duplicate removal and screening of titles, 

abstracts, and full texts, 18 studies consisting of 19 

experiments (with one study reporting data for both male 

goats and rams) published between 1990 and 2025 were 

eligible for inclusion in the systematic review and meta-

analysis (Fig. 1). Two full-text articles were excluded 

because their study design did not meet the inclusion 

criteria, specifically due to exhausted semen collection 

procedures and mixing of seminal plasma from EE and 

AV.  One additional article was excluded due to 

duplication, as it involved the same experimental animals 

and reported similar authorship, sample size, primary 

outcomes, and study period across multiple publications. 

Nine studies published before 1990 were excluded. These 

twelve studies were not included in 18 studies described 

above. The included studies involved male goats (n=7), 

bulls (n=4), and rams (n=8), with one study reporting data 

for both male goats and rams. A total of 285 biological 

units were evaluated across semen volume, sperm 

concentration, total motility, viability, normal 

morphology, post-thaw total motility, and DNA integrity 

outcomes (Table 1).  
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Fig. 1: The PRISMA flow diagram. 

 

Quality appraisal: All of 18 studies were considered 

eligible for inclusion in the meta-analysis based on the 

SYRCLE risk-of-bias assessment. No study was judged 

to have a high risk of bias across in more than four 

domains (Fig. 2). For the overall assessment, all studies 

provided sufficient baseline characteristics for all 

groups, explanations for incomplete outcome data, and 

showed no indication of selective outcome reporting or 

other bias. Blinding of outcome assessors and blinding 

of caregivers and/or investigators were not clearly stated 

in all studies. Only five studies (27.78%) reported 

random sequence generation, three studies (16.67%) 

employed allocation concealment, and two studies 

(11.11%) applied random selection for outcome 

assessment (Fig. 3). 



Pak Vet J, 2026, 46(7): 1649-1657. 
 

1652 

Table 1: Detail about included studies investigating the effects of EE on semen quality parameters 

Animal N Age (Years) Parameters Probe Protocol Country Study 

Male goat  10 2-3 Volume, concentration, total motility Not reported Voltage: increasing, max 
5Volt; Stimulation: 5s; Rest: 
5s; Series: 4× 

China Lv et al. 
(2025) 

Male goat 8 1-2 Morphology, post-thaw total motility, 
post-thaw DNA integrity 

Diameter: 2cm; length 
28cm 

Voltage: increasing, max 
5Volt; Stimulation: 4-6s; 
Rest: 4-5s; Series: 4× 

South Africa Lukusa and 
Kabuba 
(2021) 

Male goat 20 1-2 Volume, concentration, total motility, 
viability, morphology, post-thaw total 
motility, post-thaw DNA integrity 

Diameter: 2cm; length 
28cm 

Voltage: increasing, max 
5Volt; Stimulation: 4-6s; 
Rest: 4-5s; Series: 4× 

South Africa Lukusa and 
Kabuba 
(2020) 

Male goat 7 >1.5 Volume, concentration, total motility, 
post-thaw total motility, post-thaw 
DNA integrity 

A 3-electrodes probe. 
Diameter: 3.2cm; 
length 35cm 

Voltage: increasing, max 
5Volt; Stimulation: 5s; Rest: 
5s; Series: 4× 

Spain Jiménez-
Rabadán et 
al. (2016)a 

Male goat 8 1-2 Volume, concentration, total motility, 
viability 

Not reported 3-5Volt South Africa Bopape et 
al. (2015) 

Male goat 6 >1.5 Volume, concentration, total motility, 
viability, post-thaw total motility, 

post-thaw DNA integrity 

A 3-electrodes probe. 
Diameter: 3.2cm; 

length 35cm 

Voltage: increasing, max 
5Volt; Stimulation: 5s; Rest: 

5s; Series: 4× 

Spain Jiménez-
Rabadán et 

al. (2013) 
Male goat 7 >1.5 Volume, concentration, total motility, 

post-thaw total motility, post-thaw 

DNA integrity 

A 3-electrodes probe. 
Diameter: 3.2cm; 

length 35cm 

Voltage: increasing, max 
5Volt; Stimulation: 5s; Rest: 

5s; Series: 4× 

Spain Jiménez-
Rabadán et 

al. (2012) 
Bull 3 2-3 Volume, concentration, viability, 

morphology, post-thaw total motility,  
Not reported Not reported Ecuador Argudo et 

al. (2019) 

Bull 3 2-3 Volume, concentration, total motility, 
morphology 

Not reported Voltage: increasing; 
Stimulation: 2s; Rest: 2s 

Australia Rêgo et al. 
(2015) 

Bull 96 2-7 Volume, viability Not reported Not reported USA Barth et al. 

(2004) 
Bull 40 3-7 Volume, concentration, total motility, 

post-thaw total motility 
Not reported Not reported Mexico León et al. 

(1991) 
Ram 18 1-2 Volume, concentration Not reported Not reported Bulgaria Yotov et al. 

(2020) 
Ram 5 >1.5 Volume, concentration, total motility, 

post-thaw total motility, post-thaw 

DNA integrity 

A 3-electrodes probe. 
Diameter: 3.2cm; 

length 35cm 

Voltage: increasing, max 
5Volt; Stimulation: 5s; Rest: 

5s; Series: 4× 

Spain Jiménez-
Rabadán et 

al. (2016)b 

Ram 11 1-2 Volume, concentration, total motility, 
viability, morphology 

Not reported Stimulation: 3-5s South Africa Malejane et 
al. (2014) 

Ram 5 5.0 Volume, total motility  A 3-electrodes probe. 
Diameter: 2.5cm; 
length 22cm 

Voltage: increasing by 
0.5Volt; Stimulation: 2s; 
Rest: 2s 

Argentina Ledesma et 
al. (2014) 

Ram 8 5-7 Total motility, post-thaw total 
motility,  

A 3-electrodes probe. 
Diameter: 3cm; length 
25cm 

Voltage: 4Volt (average) Spain Álvarez et 
al. (2012) 

Ram 4 1-3 Volume, concentration,   Diameter: 2cm; 
length 17.5cm 

Voltage: 6Volt; Stimulation: 
4s; Rest: 4s; Series: 4× 

Chile Robayo et 
al. (2008) 

Ram 8 Mature Volume, concentration, total motility, 
post-thaw total motility 

A 3-electrodes probe. 
Diameter: 2.5cm; 

length: 22cm 

Voltage: increasing by 
1Volt; Stimulation: 2s; Rest: 

2s 

Spain Marco-
Jiménez et 

al. (2005) 
Ram 18 1-2 Volume, concentration, total motility, 

viability, morphology 
Not reported Not reported South Africa Matthews et 

al. (2003) 

Letters (a, b) following the year in citations denote independent experiments reported from the same study when multiple species were included. 
Specifically, Jiménez-Rabadán et al. (2016)a and Jiménez-Rabadán et al. (2016)b represent data from male goats and rams, respectively. 

 

Sensitivity and publication bias: The leave-one-out 

sensitivity analysis revealed that no individual experiment 

exerted an extreme influence on the overall pooled 

estimates. Funnel plot visualization demonstrated a 

symmetrical distribution for semen volume, sperm 

viability, normal morphology, and post-thaw total motility, 

while the sperm concentration, total sperm motility, and 

post-thaw DNA integrity appeared asymmetrical (Table 

2).  urther assessment using Egger’s test indicated non-

significant publication bias for semen volume, sperm 

viability, normal morphology, and post-thaw total sperm 

motility (P>0.1). Statistically significant publication bias 

was recorded for sperm concentration, total sperm 

motility, and post-thaw DNA integrity (P<0.1). Despite 

the corresponding P-value not being substantially 

changed, trim-and-fill analysis suggested an adjustment of 

the sperm normal morphology S D from − .1  ( able  ) 

to 0.13 (Table 2), due to two potentially missing studies. 

No substantial adjustments in SMD or P-value were 

suggested for ejaculate volume, sperm concentration, 

sperm total motility, sperm viability, post-thaw total 

motility, or post-thaw DNA integrity (Table 2) compared 

to the main model (Table 3). 

 
Table 2: Publication bias assessment of included studies investigating 

the effects of EE on semen quality parameters 

Parameter Funnel plot Egger’s 
test 

Trim and fill 

Missing 

study 

SMD (95% CI) P-value 

Semen volume Symmetry 0.511 2 0.58 [0.08, 1.08). 0.026 

Sperm 

concentration 

Asymmetry 0.003 6 -0.94 [-1.36, -0.51) <0.001 

Sperm total 

motility 

Asymmetry 0.075 2 0.08 [-0.27, 0.44) 0.622 

Sperm viability Symmetry 0.882 0 -0.30 (-0.53, -0.06) 0.020 
Sperm normal 

morphology 

Symmetry 0.109 2 0.13 [-0.64, 0.91) 0.692 

Post-thaw 

total motility 

Symmetry 0.376 1 -0.78 [-1.18, -0.38) 0.001 

Post-thaw 

DNA integrity 

Asymmetry 0.077 2 -0.39 [-1.78, 1.00) 0.531 

 



Pak Vet J, 2026, 46(7): 1649-1657. 
 

1653 

Meta-analysis of fresh and cryopreserved semen 

outcomes: Pooled estimates on semen volume from 17 

experiments demonstrated that electroejaculation 

significantly increased semen volume (SMD=0.71; 

P=0.004; Table 3), with moderate heterogeneity 

observed among experiments (I2=52.1%). Conversely, 

sperm concentration (SMD=-1.15; P<0.001, I2=20.3%) 

and sperm viability (SMD=-0.30; P=0.046, I2=0.0%) 

were consistently observed as significantly negatively 

affected. Small but statistically non-significant effect 

sizes were observed for sperm total motility 

(SMD=0.05; P=0.768) and normal morphology (SMD=-

0.10; P=0.724), with no (I2=24.6%; I2=20.7%) 

heterogeneity, respectively. Ten pooled experiments on 

post-thaw total motility revealed a significant negative 

effect of EE on post-thaw total motility (SMD=-0.82; 

P<0.001; Table 3), with no heterogeneity detected 

(I2=0.0%). Statistically non-significant effect of EE was 

observed on post-thaw sperm DNA integrity (SMD=-

0.93; P=0.124), although moderate heterogeneity was 

detected (I2=66.7%). 

 

Subgroup analysis: As shown in Table 3, semen volume 

was significantly increased by EE in bulls (SMD=0.72; 

P=0.007) subgroups, with no heterogeneity (I2=0.0). 

However, EE had non-significant effect on semen 

volume in male goats and rams. In contrast, EE 

demonstrated a significantly negative effect on sperm 

concentration in male goats and rams (P<0.05), with 

negative but non-significant effects in bulls. Despite a 

significant negative effect of EE on overall sperm 

viability, none of the species showed significant effects, 

with no heterogeneity detected (I2=0.0%). A plausible 

explanation is that the effect sizes for all species were 

negative, and most confidence intervals overlapped zero 

while showing a slight tendency toward negative values. 

Thus, when pooled into a larger sample size, a 

significant effect was detected. All species showed non-

significant effects of EE on sperm total motility, normal 

sperm morphology, and post-thaw sperm DNA integrity 

(Table 3). However, male goat semen showed a 

significant negative effect of EE on post-thaw total 

sperm motility (SMD=-1.15; P=0.010), with no 

heterogeneity observed (I2=0.0%). 

 

Meta-regression: The meta-regression analysis 

revealed non-significant temporal trend in the effect 

size of EE on semen volume across 35 years of 

publication (β  . 2 ;   % CI: -0.023 to 0.080, 

P=0.251; Fig. 4A). Similarly, statistically non-

significant association was observed between 

publication year and sperm concentration (β -0.009; 

95% CI: -0.047 to 0.028, P=0.603; Fig. 4B). The 

analysis also showed non-significant temporal trend in 

total motility (β -0.021; 95% CI: -0.052 to 0.010, 

P=0.171; Fig. 4C). Overall, statistically non-significant 

temporal change in the standardized mean difference 

between EE and AV was observed over time. Similarly, 

post-thaw total motility also showed non-significant 

temporal trend over the past three and a half decades 

(β -0.005; 95% CI: -0.041 to 0.031, P=0.754; Fig. 4D). 

 

 

 
Fig. 2: Risk of bias summary based on SYRCLE’s RoB, categorized as 
low (+), unclear (?) or high (×) risk of bias for each item. 

 

 

 
Fig. 3: Risk of bias graph summary presenting the percentage 
distribution of each risk-of-bias item across included studies. 
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Fig. 4: Temporal trends in effect sizes of EE compared with AV for (A) semen volume, (B) sperm concentration, (C) total sperm motility, and (D) 
post-thaw total sperm motility. 

 
Table 3: Pooled standardized mean difference and heterogeneity of semen quality parameters  

Parameter Subgroup Trials  SMD (95% CI) P-value Heterogeneity 

EE AV I2 (%) P-value (Q) 

Semen volume Overall 220 175 0.71 (0.26, 1.16) 0.004 52.1 0.006 
 Male goat 44 44 1.03 (-0.15, 2.21) 0.075 72.0 0.003 

 Bull 122 78 0.72 (0.37, 1.06) 0.007 0.0 0.678 

 Ram 54 53 0.44 (-0.37, 1.25) 0.230 50.4 0.060 
Sperm concentration Overall 119 118 -1.15 (-1.52, -0.79) <0.001 20.3 0.227 
 Male goat 44 44 -1.35 (-2.47, -0.23) 0.027 59.2 0.031 

 Bull 26 26 -1.01 (-2.24, 0.23) 0.072 0.0 0.476 
 Ram 49 48 -1.19 (-1.68, -0.69) 0.002 0.0 0.623 
Sperm total motility Overall 116 115 0.05 (-0.29, 0.39) 0.768 24.6 0.189 

 Male goat 44 44 0.02 (-0.61, 0.56) 0.949 32.1 0.195 
 Bull 23 23 -10.23 (-177.43, 156.96) 0.579 79.0 0.029 
 Ram 49 49 -0.05 (-0.51, 0.40) 0.779 0.0 0.600 
Sperm viability Overall 142 97 -0.30 (-0.60, -0.01) 0.046 0.0 0.569 

 Male goat 20 20 -0.36 (-1.57, 0.85) 0.332 0.0 0.469 
 Bull 99 55 -0.16 (-1.41, 1.10) 0.358 0.0 0.559 
 Ram 23 22 -0.75 (-1.80, 0.29) 0.069 0.0 0.792 

Normal morphology Overall 43 42 -0.10 (-0.80, 0.59) 0.724 20.7 0.278 
Male goat 14 14 -0.50 (-5.67, 4.67) 0.434 3.5 0.309 

 Bull 6 6 -0.42 (-11.65, 10.81) 0.719 43.5 0.184 

 Ram 23 22 0.33 (-2.27, 2.94) 0.350 0.0 0.497 
Post-thaw total motility Overall 78 78 -0.82 (-1.19, -0.46) <0.001 0.0 0.533 

Male goat 34 34 -1.15 (-1.85, -0.45) 0.010 0.0 0.499 

 Bull 23 23 -0.75 (-3.54, 2.04) 0.182 0.0 0.474 
 Ram 21 21 -0.47 (-1.65, 0.70) 0.226 0.0 0.533 
Post-thaw DNA integrity Overall 39 39 -0.93 (-2.22, 0.36) 0.124 66.7 0.010 

Male goat 34 34 -1.15 (-2.74, 0.45) 0.116 70.9 0.008 
 Ram 5 5 -0.00 (-1.24, 1.24) 0.995 - - 

EE=Electroejaculation; AV=Artificial vagina; P-value (Q)=Cochran’s Q test P-value
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DISCUSSION 

 

The use of EE for semen collection remains 

controversial due to animal welfare concerns (da Silva et 

al., 2024; Kaka et al., 2025). Despite these concerns, there 

is no clear consensus regarding the effects of EE on 

semen quality parameters following collection, as well as 

cryopreservation. This review provides a comprehensive 

synthesis of available evidence comparing EE and AV in 

domestic ruminants, including bulls, rams and male goats. 

The pooled evidence suggested that semen volume was 

significantly higher with EE than with AV, likely due to 

an increased proportion of seminal plasma (SP). This may 

be explained by electrical stimulation during EE, which 

activates local pelvic musculature and stimulates the 

secretory activity of accessory sex glands (Groh et al., 

2018). This overstimulation of accessory sex glands may 

result in increased SP secretion. This may also relate to 

prolonged stimulation pulses, which can last for several 

minutes, with an average duration of approximately 3 

minutes (180 seconds) in rams (Álvarez et al., 2012), 

109.1 seconds in male goats (Abril-Sánchez et al., 2017) 

and from 90 up to 214 seconds in bulls (Whitlock et al., 

2012; Pagliosa et al., 2015). According to Lv et al. 

(2024), variations in SP proportion in semen may 

influence protein abundance associated with sperm quality 

in goat semen.  In contrast, sperm concentration was 

significantly lower with EE than with AV. Most studies 

report that total sperm count per ejaculate obtained with 

EE is similar to, or slightly lower than, that obtained with 

AV, resulting in reduced sperm concentration per unit 

semen volume due to increased SP volume (Argudo et al., 

2019; Lukusa and Kabuba, 2020; Yotov et al., 2020). 

Interestingly, the overall total sperm motility and 

morphology of fresh semen were not significantly 

different between EE and AV methods.  This suggests that 

semen collected using EE may adequately reflect 

individual sperm quality, as these parameters are routinely 

evaluated in breeding soundness examination (BSE) of 

domestic ruminants (Koziol and Armstrong, 2018; 

Harighi et al., 2022; King and Hopper, 2024). 

 Sperm motility does not appear to be highly sensitive 

to electrical stimulation. In a study using human sperm, 

direct exposure to sinusoidal alternating electrical 

stimulation maintained sperm motility even under 

extremely high voltages of 80 V/2 mm (400 V/cm) for 30 

seconds (Saito et al., 1999). These findings suggest that 

the electrical stimulation applied during rectal 

electroejaculation is unlikely to impair sperm motility 

during semen collection. On the other hand, overall sperm 

viability showed a significant negative association with 

EE. The effect of EE on sperm viability remains poorly 

understood. Sperm viability is commonly assessed based 

on plasma membrane integrity (Odinius et al., 2024; Xue 

et al., 2025). Most alterations in sperm membranes are 

commonly associated with oxidative or osmotic stress 

during cryopreservation (Loetjettanarom et al., 2025), 

sperm sorting (Reese et al., 2021) and liquid preservation 

(Pantecostoma et al., 2025). Differences in seminal 

plasma protein composition have been suggested to 

contribute to plasma membrane regulation, as proteins in 

AV-collected ejaculates are primarily derived from the 

epididymis, whereas those in EE-collected ejaculates 

mainly originate from the accessory sex glands (Rêgo et 

al., 2015). For instance, albumin and serotransferrin, 

which are more abundant in AV-collected semen, have 

been associated with the protection of sperm membranes 

against reactive oxygen species (ROS). Similarly, 

arachidonic acid, a metabolite involved in maintaining 

membrane fluidity, was also reported at higher abundance 

in AV-collected semen (Lv et al., 2025). Further 

proteomic and metabolomic investigations are required to 

clarify the mechanisms underlying the effects of EE on 

sperm viability. 

A significantly negative effect of EE was observed on 

post-thaw total sperm motility in the male goat semen, 

whereas such effect was not observed in bulls or rams. 

However, post-thaw sperm DNA integrity was not 

affected by EE in any species. Further optimization of 

cryopreservation protocols for semen obtained through EE 

could be explored, as has been previously performed 

(Jiménez-Rabadán et al., 2013; Toker et al., 2024). 

Despite the use of various EE procedures and devices 

over this period, there have been no significant changes 

compared to AV since its initial development. No 

significant temporal trends were detected for semen 

volume, sperm concentration, and total sperm motility. 

Similarly, post-thaw total sperm motility did not 

demonstrate a significant temporal trend. In this study, 

AV was considered the reference standard for semen 

collection, with no substantial changes over past decades 

(Rich and Orbach, 2025). Most studies have compared the 

effects of EE and AV under different conditions, 

combined with or without other factors (season, breed, 

cryopreservation protocol, extender), by evaluating 

parameters such as semen quality, fertility, seminal 

plasma profile, and post-thaw quality. We could found 

limited studies that specifically aimed to improve semen 

quality obtained through EE by modifying the procedure, 

cryopreservation protocol, or through animal-based 

interventions. Nevertheless, a recent experiment 

investigated the administration of oral selenium to 

enhance the quality of cryopreserved semen obtained by 

EE (Lukusa and Kabuba, 2021). In addition, another study 

was aimed to optimize the cryopreservation protocol for 

semen collected through EE (Jiménez-Rabadán et al., 

2013). Other strategies that have not been compared with 

AV include brushing (Ungerfeld et al., 2021; Orihuela et 

al., 2024a), administration of cloprostenol and oxytocin 

(Ungerfeld et al., 2018), carbetocin (Orihuela et al., 

2024b), butorphanol (Ungerfeld et al., 2022), fasting prior 

to EE (Romano et al., 2 21), and habituation (O’Neill et 

al., 2024). Sedation with 2% xylazine was the most 

consistently applied procedure across several studies. 

The results of this meta-analysis suggest that EE 

performs comparably to AV for selected parameters and 

species. These findings should be carefully considered 

when utilizing EE in BSE, particularly with respect to 

sperm concentration (Koziol and Armstrong, 2018; Tibary 

et al., 2018). For cryopreservation, the observed effect 

sizes suggest that semen collected using EE may be 

acceptable, particularly in bulls and rams. Further 

investigation of seminal plasma profiles, oxidative stress 

levels, and sperm structural integrity is required to better 

understand the implications of EE on sperm quality. 

Furthermore, strategies to cryopreserve semen obtained by 
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EE through modification of protocols may improve the 

likelihood of successfully preserving semen from 

untrained or low-libido animals. 

The limitations of our study are as follows: (1) a 

small number of studies (18 only) could be included in the 

review; (2) semen quality assessment was not 

standardized, given the wide publication range over 35 

years; (3) the estimation of missing values in some studies 

could slightly affect the effect size; (4) the species, region, 

and breeding management may introduce heterogeneity; 

and (5) language restrictions and unretrieved studies may 

introduce publication bias due to limitations in language 

and data sources. Statistical approaches, including 

subgroup analysis, trim-and-fill, sensitivity analysis, 

Egger’s test, and funnel plots, were employed to 

overcome these limitations. 

 

Conclusions: This systematic review and meta-analysis 

summarize comparative studies of EE and AV in domestic 

ruminants from 1990 up to recent publications (2025), 

highlighting differential effects on selected fresh and 

frozen-thawed semen quality parameters. The functional 

and structural characteristics of fresh sperm used for 

routine assessment were generally not affected. However, 

EE may be associated with reduced post-thaw semen 

quality under certain conditions. These findings reflect the 

current progress of alternative semen collection methods, 

which highlight the need for further optimization and 

mechanistic investigation.  
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