
Reprod Dev Biol 38(4) : 159-163 (2014) ISSN : 1738-2432 (P r i n t)
http://dx.doi.org/10.12749/RDB.2014.38.4.159 ISSN : 2288-0151 (Online)


* This work was carried out with the support of "Cooperative Research Program for Agriculture Science & Technology Development (Pro-

ject title: Study on management technology improvement of swine artificial insemination center, Project No. PJ00948104)" Rural Develop-
ment Administration, Republic of Korea.

†Corresponding author : Phone: +82-41-580-3450, E-mail: soojinsa@korea.kr

Effect of Different Inoculation Concentration of Escherichia coli 

on Boar Sperm Quality and Reproductive Performance in Sow

Soo Jin Sa1,†, Sun Ho Choi1, Hyun Jong Kim1, Kyu ho Cho1, Joon Ki Hong1, 
Du Wan Kim1, Young Hwa Kim1, Jun Cheol Park1 and Ki Hwa Chung2

1Swine Science Division, National Institute of Animal Science, RDA, Cheonan 330-801, Korea 
2Gyeongnam National University of Science and Technology, Jinju 660-758, Korea 

ABSTRACT

The objective of this study was to determine the effects of E. coli on boar sperm quality and reproductive perfor-
mance in sows after artificial insemination. Three different levels of E. coli were artificially inoculated to semen with 
following concentrations; Control, 500, 5,000 and 50,000 colony forming unit (cfu)/ml. Semen samples were preserved 
at 17℃ for 5 days. Sperm motility was significantly decreased (p<0.05) on day 3 in the group inoculated with 5,000 
cfu/ml compared to control groups. In all treatment groups, sperm motility was gradually decreased as storage time 
increased, but the decline pattern was more drastic in the groups inoculated with 5,000 and 50,000 cfu/ml groups from 
day 3 (p<0.05) compared to control group. After 3 day of storage at 17℃, sperm viability in sample inoculated with 
the highest concentration (50,000 cfu/ml) of bacteria was less (p<0.05) than that of control group. The pH of semen 
sample pH was maintained 7.2～7.5 in all groups during the experimental period. No differences (p>0.05) were found 
for both storage time and bacterial concentration. The pregnancy rate and live born piglets tend to decrease by 
increasing the concentration of E. coli in semen. In particular, the rate of pregnancy was lower in the group inoculated 
with 50,000 cfu/ml (58.3%) compare to the other groups (81.8, 75.0, 76.5%). These results suggest that the contami-
nation of E. coli in boar semen negatively affects fertilizing ability of boar sperm and the reproductive performance 
obtained from sows after artificial insemination.
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INTRODUCTION       

Artificial insemination (AI) is the technology of re-
production widely used in the swine industry. The-
refore, the quality control of the boar fresh and exte-
nded semen is fundamental for successful swine AI 
programs. Bacterial contamination of boar semen can 
be occurred commonly during routine collection, proce-
ssing and storage (Althouse and Lu, 2005; Waberski et 
al., 2010). High levels of bacterial contamination in the 
extended semen are associated with a high incidence of 
poor sperm motility, damaged acrosomes, sperm agglu-
tination, and decreased sperm longevity (Althouse et 
al., 2000; Althouse and Lu, 2005). Maes et al. (2008) 
also reported that it could result in embryonic or fetal 

death, endometritis and/or disease in the recipient fe-
male. 

E. coli is one of the most frequently isolated bacteria 
in boar semen (Dagnall, 1986; Sone et al., 1989; Arre-
dondo et al., 2001; Althouse and Lu, 2005) and the 
presence of E. coli in semen might affect semen quality 
and longevity during preservation and storage (Kuster 
and Althouse, 1997; Althouse et al., 2000; Althouse and 
Lu, 2005). The diminution of sperm quality by bacterial 
contamination can result in reductions in reproductive 
performance and may lead to major economic losses 
for the swine industry. Although correlations have been 
reported between E. coli contamination and boar sperm 
quality, the relationship between E. coli contamination 
and reproductive performance after AI have not been 
determined in Korea.

159



Sa et al.160

Therefore, the aim of this study was to the effect of 
different concentration of E. coli on boar sperm quality 
during semen storage and reproductive performance in 
sow after AI.

MATERIALS AND METHODS

Semen Collection and Preparation
 Semen samples from Duroc boars raised in National 

Institute of Animal Science were collected. Boars were 
used and were average of 18 months of age and about 
170 kg body weight. Boars were housed individually to 
a combination of concrete and plastic flooring pen and 
fed according to the guideline for breeder boars of Na-
tional Institute of Animal Science.

Semen samples collected by gloved-hand technique 
from 6 boars of proven fertility were extended in equal 
volumes of BTS extender that did not contain antibio-
tics. The sperm suspension was diluted to a concentra-
tion of 3×107 cells/ml with extender.  

 
Bacterial Inoculation 
Bacteria used in this study was hemolytic and enter-

oaggregative E. coli heat-stable enterotoxin 1 (EAST-1)- 
positive. E. coli was isolated from fresh boar semen col-
lected at dedicated boar studs. The prepared semen sam-
ples were split into four fractions. Three samples were 
inoculated with E. coli and one sample used as a con-
trol that did not contain any bacterial contamination. 
Bacterial suspensions of the following initial concentra-
tions were used in the experiment with E. coli: 500, 5,000 
and 50,000 cfu/ml and a control with extender. Semen 
samples were incubated at 17℃ during 5 days.

Analysis of Sperm Motility 
emen samples were stored at 17℃ for 5 days. Semen 

sample was incubated for 30 min at 37℃ water bath 
and 10μl of semen were applied to pre-warmed ma-
kler counting chamber (Sefi-Medical, Israel). Sperm mo-
tility was analyzed by CASA system (Medical Supply 
Co. Ltd., Korea) connected with CCD camera (Veltek, 
Korea) on microscope (Olympus, Japan) with a warm 
plate (37℃). Result was expressed as percentage of to-
tal motile spermatozoa on the total number of eval-
uated sperm cells. At least five non-consecutive, rando-
mly selected microscopic fields per sample were scan-
ned by recording at least 400 motile sperm.

Analysis of Sperm Viability 
The viability was measured by SYBR-14/Propidium 

iodide stain. Ten μl of diluted spermatozoa were mi-

xed with 5 μl of the working solution of SYBR-14 and 
10 μl of propidium iodide. After incubation at 37℃ 
for 15 min, a total of 300 spermatozoa were assessed 
under fluorescence microscope at magnification of × 
400. The nuclei of spermatozoa with intact plasma mem-
brane stained green with SYBR-14, while those with 
damaged membranes stained red with propidium iodi-
de.

Analysis of pH 
The pH of each sample was measured using a pH 

meter (SevenMulti S-47K, Metter-Toledo, Schwerzenba-
ch, Switzerland). To avoid contamination between treat-
ments, the electrode was thoroughly washed before 
and after each measurement with distilled water. Three 
measures per treatment were performed in each time 
point.

Reproductive Performance in Sows after Artificial Inse-
mination

Fifty-six herds of weaned Duroc sows were artifi-
cially inseminated. Semen inoculated with E. coli was 
stored at 17℃ for 3 days before artificial insemination 
(AI). The possible impact of E. coli contamination of 
the semen on reproductive performance was evaluated 
by calculating the parameters, such as pregnancy rate, 
farrowing rate, total piglets born and live born piglets.

Statistics 
Data were analyzed by ANOVA using the General 

Linear Models procedure of the Statistical Analysis Sys-
tem (SAS Institute Inc., Cary, NC, USA). Differences 
among treatment means were determined by using the 
Duncan's multiple range tests. A probability of p<0.05 
was considered statistically significant. 

RESULTS

This study was shown that the effect of different con-
centration of E. coli on boar sperm quality and repro-
duction performance of sows after artificial insemina-
tion (AI). Sperm motility was significantly decreased 
(p<0.05) on day 3 in the group inoculated with 5,000 
cfu/ml compared to control groups. In all treatment gr-
oups, sperm motility was gradually decreased as stor-
age time increased, but the decline pattern was more 
drastic in the groups inoculated with 5,000 and 50,000 
cfu/ml groups from day 3 (p<0.05) compared to control 
group (Table 1). Similar to the results for sperm mo-
tility, sperm viability was an effect of both storage time 
and bacterial concentration (p<0.05). After 3 day of sto-
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Storage time
(days)

Concentration of E. coli (cfu/ml)

Control 500 5,000 50,000

0 84.4±4.5a,A 82.5±4.5a,A 81.8±4.6a,A 81.9±2.8a,A

1 81.6±3.0a,AB 82.1±4.9a,A 81.0±2.5a,A 82.1±5.7a,A

3 80.8±4.8a,AB 75.5±3.1a,AB 68.0±2.3b,B 65.4±5.0b,B

5 74.9±4.3a,B 70.7±3.4ab,B 65.3±3.7bc,B 62.2±2.6c,B

A,B Means with different superscripts in same column differ significantly (p<0.05).
a～c Means with different superscripts in same row differ significantly (p<0.05).
Values are expressed as Mean±SD.

Table 1. Effect of different infective concentration of E. coli on sperm motility (%) over 5 days of storage at 17℃

Storage time
(days)

Concentration of E. coli (cfu/ml)

Control 500 5,000 50,000

0 86.2±1.4a,A 85.4±2.0a,A 84.4±2.9a,A 81.0±3.9a,A

1 83.7±2.8a,A 82.7±4.9a,AB 81.6±2.1ab,A 75.8±1.8b,AB

3 77.8±2.8a,B 78.2±1.9a,BC 75.2±2.0ab,B 71.3±2.8b,B

5 73.9±4.2a,B 72.7±4.0a,C 69.2±1.0ab,B 65.6±2.9b,C

A,B Means with different superscripts in same column differ significantly (p<0.05).
a～c Means with different superscripts in same row differ significantly (p<0.05).
Values are expressed as Mean±SD.

Table 2. Effect of different infective concentration of E. coli on sperm viability (%) over 5 days of storage at 17℃

Storage time
(days)

Concentration of E. coli (cfu/ml)

Control 500 5,000 50,000

0 7.5±0.2 7.5±0.2 7.4±0.2 7.3±0.1

1 7.3±0.1 7.4±0.1 7.3±0.1 7.4±0.2

3 7.5±0.1 7.3±0.1 7.2±0.2 7.4±0.1

5 7.4±0.2 7.5±0.2 7.5±0.1 7.5±0.2

No differences (p>0.05) were found between treatments.
Values are expressed as Mean±SD.

Table 3. Effect of different infective concentration of E. coli on semen pH over 5 days of storage at 17℃

Variables
Concentration of E. coli (cfu/ml)

Control 500 5,000 50,000

Pregnancy rate, % (n/n) 81.8 (9/11) 75.0 (12/16) 76.5 (13/17) 58.3 (7/12)

Farrowing rate, % (n/n) 81.8 (9/11) 68.8 (11/16) 70.6 (12/17) 50.0 (6/12)

Total piglets born* 11.0±3.7 10.5±2.8 9.3±1.7 10.7±2.9

Live born piglets* 8.1±2.9 9.4±2.4 8.1±2.4 7.7±2.3

No differences (p>0.05) were found between treatments.
Values are expressed as Mean±SD.

Table 4. Effect of different infective concentration of E. coli on reproductive performance in sows after artificial insemination
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rage at 17℃, the percentage of viable spermatozoa in 
samples inoculated with the highest concentration of 
bacteria was less (p<0.05) than that of control group 
(Table 2). The pH of semen sample pH was mainta-
ined 7.2～7.5 in all groups during the experimental 
period. No differences (p>0.05) were found for both sto-
rage time and bacterial concentration (Table 3). The preg-
nancy rate and live born piglets tend to decrease by 
increasing the concentration of E. coli in semen (Table 
4). In particular, the rate of pregnancy was lower in 
the group inoculated with 50,000 cfu/ml (58.3%) com-
pare to the other groups (81.8, 75.0, 76.5%).

DISCUSSION

Bacterial contamination of raw boar semen can be occu-
rred commonly during routine collection and process-
ing from boar studs (Althouse and Lu, 2005; Waberski 
et al., 2010). E. coli is one of the most frequently iso-
lated bacteria in boar semen (Dagnall, 1986; Sone et al., 
1989; Arredondo et al., 2001; Althouse and Lu, 2005). 
Several studies have shown that bacterial contamination 
might affect semen quality and longevity during pres-
ervation and storage (Maes et al., 2008; Sepulveda et al., 
2013).

Results of this study showed that the semen quality 
such as sperm motility and viability decreased by in-
creasing the concentration of E. coli in semen samples. 
Kaur et al. (1986) reported that the attachment of E. coli 
to sperm cells might cause reduction of motility and 
agglutination of sperm cells. In our previous study, we 
also reported that E. coli contamination in extended se-
men reduced the sperm motility and agglutinated 
sperm. Also, sperm motility and viability in the experi-
ment done at 17℃ was significantly reduced even day 
0 from the group inoculated with 50,0000 cfu/ml E. coli 
(So et al., 2011).

Office of International Epizooties (OIE) has estab-
lished the standard that 5.013×103 cfu/ml as a limit for 
the bacterial contamination in semen samles (2001). Ma-
roto Martin et al. (2010) reported that litter size was re-
duced significantly when semen used for AI is con-
taminated with E. coli above a threshold value of 3,500 
cfu/ml. In present study, the pregnancy rate and live 
born piglets tend to decrease by increasing the concen-
tration of E. coli in semen samples. In particular, the 
rate of pregnancy was lower in the group inoculated 
with 50,000 cfu/ml compare to the other groups. This 
result is similar to those obtained by Mirjyn (1999) 
who reported that the presence of E. coli contamination 
in semen samples is able to produce a significant re-
duction of sperm quality and affects its fertilizing abi-

lity.
Our data showed that the contamination of E. coli in 

boar semen negatively affects fertilizing ability of boar 
sperm and the reproductive performance obtained from 
sows after artificial insemination. Thus, strict hygienic 
management should be considered in boar studs dur-
ing semen production process to minimize the bacterial 
contamination of commercial semen doses and the eco-
nomic losses for the swine industry.

REFERENCES

1. Althouse GC, Kuster CE, Clarck SG, Weisiger RM 
(2000): Field investigations of bacterial contaminants 
and their effects on extended porcine semen. The-
riogenology 53:1167-1176.

2. Althouse GC, Lu KG (2005): Bacteriospermia in ex-
tended porcine semen. Theriogenology 63:573-584.

3. Arredondo C, Fernandez A, Lazo L, Cruz E, Ma-
chado J (2001): Bacteriological studies of swine se-
men. Preliminar evaluation of the effect of Esche-
richia coli lectins on spermagglutination. Rev Cub 
Sal Animal 23:73-79.

4. Dagnall GJR (1986): An investigation of the bac-
terial flora of the preputial diverticulum and of the 
semen of boars. M.Ph. Thesis. Royal Veterinary Co-
llege, Hertfordshire.

5. Kaur M, Tripathi KK, Bansal MR, Jain PK, Cupta 
KG (1986): Bacteriology of cervix in cases of infer-
tility: effect on human sperm. Am J Reprod Immu-
nol Microbiol 12:21-24.

6. Kuster CE, Althouse GC (1997): Sperm agglutina-
tion of extended semen caused by gentamicin resis-
tant bacteria. In: Proceedings of the 28th American 
Association of Swine Practitioners Meeting, pp 293- 
295.

7. Maes D, Nauwynck H, Rijsselaere T, Mateusen B, 
Vyt P, de Kruif A, Van Soom A (2008): Diseases in 
swine transmitted by artificial insemination: an ov-
erview. Theriogenology 70:1337-1345.

8. Maroto Martin LO, Munoz EC, Cupere FD, Drie-
ssche EV, Echemendia-Blanco D, Machado Rodri-
guez JM, Beeckmans S (2010): Bacterial contamina-
tion of boar semen affects the litter size. Ani Re-
prod Sci 120:95-104.

9. Mirjyn A. (1999): Stimulation and Detection of Heat 
in Gilts and Sows. Tech Report 12, NCSU.

10. OIE (2001): Semen de vovinos. Codigo Zoosani-
tario Internacional. Parte 3. Titulo 3.2. Anexo 3.2.1. 
Disponible de: http://www.oie.int.

11. Sepulveda L, Bussalleu E, Yeste M, Torner E, Bo-
net S (2013): How do different concentrations of 



Effect of E. coli on Boar Semen Quality and Reproductive Performance in Sow 163

Clostridium perfringens affect the quality of exten-
ded boar spermatozoa? Anim Reprod Sci 140:83- 
91.

12. So KM, Sa SJ, Kim HJ, Chung KH, Jung BY, Son 
JH, Kim IC (2011): Effects of Escherichia coli conta-
mination on extend porcine semen parameters. Re-
prod Dev Biol 35(4):479-483.

13. Sone M, Kawarasaki T, Ogasa A, Nahara T (1989): 

Effects of bacteria-contaminated boar semen on re-
productive performance. Jpn J Anim Reprod 35(3): 
159-164.

14. Waberski D, Weyand A, Seedorf J, Weitze KF (2010): 
Hygiene measures in boar semen production. Acta 
Scientiae Veterinariae 38 (Suppl. 1):1-7. 

(Received: November 12 2014/ Accepted: November 26 2014) 


