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Abstract 
 
The paper aimed to assess the economic efficiency in sows reproduction using artificial insemination in industrial 
production conditions. For this purpose, the post-cervical method was used to inseminate the sows, and this proved 
to be the most efficient method compared to other insemination methods. The results showed a tendency to increase 
the farrowing rate by 0.68% in sows in which semen was introduced by the post-cervical method. There was also a 
tendency to increase the total number of piglets born in sows using the intravaginal insemination method. At the same 
time, no difference in multiparity was found between sows inseminated with different methods. It was found that due 
to the improvement of artificial insemination techniques and the introduction of the post-cervical method, the number 
of doses of semen required to inseminate a sow per year decreased by -13.0%, the volume of a dose of semen decreased 
by 44.4% and the total amount of semen decreased by 51.7%. The total amount of semen used to inseminate a sow 
per year decreased by 7, which proportionally reduced the cost of inseminating the entire breeding herd, the amount 
and cost of semen diluent, main catheters and semen disinfectant used decreased by 13.0% and the number of boars 
decreased by 44.0.  
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INTRODUCTION  
 
Today, the efficiency and profitability of 
industrial pork production, as asserted by [4, 
12, 35] there are closely linked to the use of 
artificial insemination of sows. 
According to [8, 13, 14, 25, 35] the procedure 
depends on the quantity and location of sperm 
deposition in the female reproductive tract. The 
traditional artificial insemination method was 
the first to be developed and remains the 
simplest to implement. It was reported [2, 3, 
25, 27] that this method involves depositing 
2.5–3 billion sperm cells in 80–100 ml of 

diluted semen into the cranio-cervical region of 
the cervix using a simple disposable catheter to 
a depth of 13–15 cm. As a result, only a small 
proportion of sperm reaches the sow's 
oviducts. 
According to [6, 32, 38], effective fertilization 
outcomes require the introduction of at least 1 
billion sperm per insemination, while [1] state 
that optimal results under production 
conditions are achieved with 2.5 billion sperm. 
As artificial insemination technology has 
advanced, producers increasingly aim to 
achieve high sow fertility while reducing the 
amount of sperm used per insemination. 
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According to [26], research into improving this 
technology began in Europe more than 15 
years ago. Efforts have gradually reduced the 
number of sperm used in conventional artificial 
insemination, allowing more high-quality 
boars to be used and improving economic 
efficiency in pork production. It was the 
reported [7] that the use of intrauterine 
insemination and its economic advantages, but 
due to technical challenges, as noted [38], it 
was only adopted in production at the end of 
the 20th century. This technique involves using 
a transcervical catheter to deposit semen into 
the cranio-cervical region of the uterus or the 
proximal end of its horns. 
The complexity of this method, as noted by 
[25, 38] arises from the difficulty of navigating 
the catheter through the cervical mucosal folds. 
In contrast, traditional artificial insemination 
deposits semen in the sow's cervix, requiring 
sperm, as noted [7], 5 minutes to 3 hours to 
reach the uterine horns. According papers [10, 
25], the duration of this process depends on 
sperm motility, uterine contractions, and the 
presence of leukocytes. It was [18, 24] reported 
that leukocytes cleanse and prepare the uterine 
surface for embryo implantation and remove 
excess sperm. 
At published paper [11, 19, 28, 36] was noted 
that leukocytes appear on the uterine mucosa 
within 30 minutes of insemination, with their 
numbers sharply increasing after 2–3 hours. 
During this time, uterine contractions occur 
under the influence of oxytocin, oestrogen, and 
prostaglandins, as reported by [20, 25, 32]. 
These contractions are essential for successful 
sperm penetration into the oviduct. It was 
suggested [20] that physical contact with a 
boar, mechanical massage of the sow's back 
and sides, and stimulation of her genitalia can 
accelerate this process. However, excessive 
uterine contractions, as [20, 23, 34] observed, 
may reduce fertility by increasing insemination 
time or the frequency of semen reflux. 
In addition, a decrease in sperm concentration 
increases the risk of reflux - the backward flow 
of sperm, which can lead to losses of up to 35% 
of the administered dose [28, 33]. It was noted 
[32] that reflux could cause up to 35% of 
semen loss, particularly problematic with low 
sperm concentrations. The degree of reflux 

depends on the sow's reproductive cycle and 
the volume and density of semen used [29, 32, 
39]. 
Post-cervical insemination requires 1 billion 
sperm, compared to 3 billion for cervical 
insemination, which [5, 31, 38] believe results 
in better sow fertility. It was recommend using 
1–1.5 billion sperm in 45–50 ml of diluted 
semen for post-cervical insemination [8, 22]. 
Studies [3, 38] reported good fertility and high 
prolificacy with 1 billion sperm using post-
cervical insemination compared to 3 billion 
with vaginal insemination. 
However it was reported significant fertility 
reduction when using 1 billion sperm under 
production conditions [13, 28, 38]. 
The introduction of artificial insemination has 
significantly reduced the time needed for both 
estrus detection and sow insemination 
compared to natural mating [30]. Research 
indicates that natural mating requires 
approximately 22 minutes per sow for 
detecting estrus and mating, whereas artificial 
insemination reduces this process to 1–2 
minutes for estrus detection and an additional 
4–5 minutes for insemination per sow [37]. 
Increased boar utilization efficiency and 
improved economic reproduction performance 
with stable fertility and prolificacy results 
when using post-cervical insemination [2, 14, 
15, 25]. 
However, the literature contains many 
contradictions regarding the effectiveness of 
various insemination methods with reduced 
sperm doses and their impact on the economic 
performance of pork production technology. 
Therefore, our study aims to investigate the 
economic consequences of traditional 
(cervical) and intrauterine (post-cervical) sow 
insemination methods under industrial 
conditions in the steppe zone of Ukraine. 
The purpose of the research is the effectiveness 
of traditional and intrauterine insemination of 
pigs, with the cervical and postcervical method 
of insemination of sows. The impact of this 
method of insemination on their fertility, the 
percentage of farrowings and the size of the 
litter. Also, it was comparatively evaluated the 
time spent on these two methods of 
insemination and their economic feasibility. 
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MATERIALS AND METHODS  
 
To compare the conventional and postcervical 
methods of insemination on the commercial 
gearbox number 1 in the city of Globino during 
2022 in accordance with the methodological 
recommendations [17], each weekly group of 
half-breed sows of the Large White Landrace 
breed, which consisted of 256-260 heads, was 
randomly divided into two parts. According to 
the research scheme presented in Table 1. 
 
Table 1. Research scheme 

Indicator Group of animals 
І Group ІІ Group 

Insemination method traditional 
insemination 

postcervical 
insemination 

Number of sows in 
the experiment, head 7,300 7,300 

Duration of the 
experiment, days 300 300 

Time of 
inseminations, times 200 200 

Source: own calculations. 
 
During the placement of sows in the 
insemination unit every Thursday, all sows, 
immediately after weaning piglets, were placed 
in individual crates, where they were divided 
into two groups by marking them with spray 
numbers. Odd numbers were assigned to 
Group I (control), and even numbers to Group 
II (experimental). The first group of sows was 
inseminated using the traditional (cervical) 
method, while the second group was 
inseminated using the post-cervical method. 
Detection of estrus in sows of both groups 
began on the Sunday of the current week after 
piglet weaning and was conducted once a day 
at 8:00 AM in the presence of a teaser boar, 
which was kept in the feeding aisle in front of 
the sows. Insemination was performed using 
mixed semen from boars of the synthetic line 
PIC-337. For cervical insemination, the semen 
dose consisted of 90 ml containing 2.5 billion 
spermatozoa, whereas post-cervical 
insemination required 50 ml with 1.5 billion 
spermatozoa. The semen extender used was 
Prymxcell Ultra at a ratio of 200 g per 5 liters 
of distilled water. 
Traditional insemination of sows commenced 
immediately after the immobility reflex was 

observed in the presence of teaser boars and 
was repeated after 24 hours. The semen was 
absorbed into the uterus naturally due to its 
contractions. During insemination, mechanical 
stimulation of the sow was performed by 
pressing on its back and nudging its groin area. 
For insemination, catheters from Magapor, 
packaging for semen storage from Minitub, 
and equipment for semen analysis and 
packaging from IMV were used. 
Post-cervical insemination began half an hour 
after the immobility reflex was observed in 
sows. Initially, a traditional Magapor catheter 
was inserted into the external part of the cervix 
for six sows simultaneously. Next, a flexible 
internal catheter was inserted through the 
conventional catheter into the sow's uterus. After 
the internal catheter was fully in place, it was 
attached to a semen package, and the semen was 
released into the uterus. The catheter was then 
removed. 
Every third week, video recordings of both 
traditional and intrauterine insemination 
processes were made using surveillance 
cameras. These recordings were later analyzed 
by qualified specialists monitoring work 
processes. The preparation time for semen, the 
handling of boars, and the insemination of 
sows were recorded. Timing began when the 
operator brought the boar between the rows of 
sows. For the traditional insemination group, 
timing ended when the last sow finished 
absorbing the semen and the final catheter was 
removed. For the post-cervical insemination 
group, timing ended when the semen was fully 
expelled into the uterus of the last sow, and 
both catheters were removed. After data 
processing, the total insemination time for each 
sow was determined. 
When entering sow insemination data into the 
recording system, a note was added regarding 
the insemination method. Using this data, the 
insemination rate was calculated as the proportion 
of sows confirmed pregnant via ultrasound to the 
total number of sows inseminated. The farrowing 
rate was determined by dividing the number of 
sows that farrowed by the total number of 
inseminated sows. After farrowing, the total 
number of piglets born and the number of viable 
piglets per farrowing were calculated. These 
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calculations were performed according to the 
biometric data analysis recommendations [16]. 
Based on the annual report on the use of 
different sow insemination methods, the 
economic efficiency of various insemination 
methods across the farm, with a population of 
15,510 productive sows, was calculated using 
the methodology [17]. 
 
RESULTS AND DISCUSSIONS 
 
As can be seen from Table 2, the same number 
of sows was taken in each group in the study. 
According to the results of ultrasound scanning 
of sows on the 35th day after insemination, no 
difference was found in the fertility rate of 
sows. 
 
Table 2. Fertility and fecundity of sows using cervical 
and postcervical methods of artificial insemination 

Indicator Group of animals 
І Group ІІ Group 

Average number of 
sows in the group, 
head 

258.9 255.5 

Fertility rate, total,% 96.61±0.11 96.65±0.17 
Farrowing rate, % 94.14±0.09 94.82±0.16 
Total number of 
piglets born, head 16.11±0.17 16.33±0.24 

Multiparity, head 15.11±0.15 15.10±0.21 
Source: own calculations. 
 
No notable differences were found in the 
farrowing rates of sows between the various 
insemination methods, though a slight trend 
indicated a 0.68% increase in farrowing rate 
for sows inseminated using the post-cervical 
method. Furthermore, a trend was observed 
suggesting an increase in the total number of 
piglets born to sows inseminated via the 
intrauterine method. However, no differences 
in prolificacy were noted between sows 
inseminated by the different methods. 
To determine the annual economic efficiency 
of the cervical and post-cervical artificial 
insemination methods, a comparative analysis 
of these two approaches was conducted for the 
productive sow herd at LLC NVP Globinsky 
Pig Compleks. As shown in Table 3, due to a 
lower number of inseminations per sow, 0.75 
fewer semen doses (13.0% less) were used for 
post-cervical insemination compared to the 

traditional method. Additionally, the volume of 
semen doses for post-cervical insemination 
was 40 ml (44.4%) lower than for the 
traditional method due to changes in the semen 
delivery location. As a result of these two 
factors, the total annual semen volume per sow 
was 519 ml for cervical insemination, 
compared to only 251 ml for post-cervical 
insemination - a difference of over twice as 
much (268 ml). 
Considering that the cost of maintaining boars 
is the same for both methods, the cost per 
semen dose, due to its smaller volume, was 
0.93 EUR (55.7%) lower for intrauterine 
insemination compared to the traditional 
method. 
 
Table 3. Sperm quantity for insemination of sows by 
different methods 

Indicators Insemination method 
Cervical Postcervical 

Average annual number of 
sows in the farm (heads) 15,510.0 15,510.0 

Number of sperm doses per 
year, taking into account 
20% of the void with 
double insemination 5.77 5.02 
Volume of one sperm dose 
( ml) 90.0 50.0 

Volume of sperm per 1 sow 
per year (ml) 519.3 251.0 
Cost of one sperm dose  
(Euro) 1.68 0.74 
Annual number of sperm 
doses for the entire 
livestock (ml) 89,493.0 77,860.0 
Annual cost of sperm, for 
the entire livestock (Euro) 150,609.6 58,110.1 

Source: own calculations. 
 
The annual number of semen doses for the 
entire herd using intrauterine insemination 
amounted to 77,860, which is 11,632.5 doses 
or 13.0% less compared to the traditional 
insemination method. Overall, considering the 
differing semen dose volumes, the total cost of 
semen for intrauterine insemination over the 
year was 59,563.05 EUR, which is 94,811.85 
EUR or 61.4% less than the cost for traditional 
insemination. 
Due to the smaller number of semen doses, less 
semen diluent was used for intrauterine 
insemination compared to the traditional 
method. As shown in Table 4, 7,007.4 liters of 
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diluent were used for intrauterine insemination 
annually, which is 1,046.925 liters or 13.0% 
less than the amount used for traditional 
insemination. 
With the price per liter of diluent being the 
same for both methods, the cost of diluent for 
traditional insemination was €1,965.08 higher, 
totaling 15,118.00 EUR. 
The lower number of inseminations with the 
post-cervical method also required fewer 
primary catheters. The number of primary 
catheters used for post-cervical insemination 
was 77,860, which is 11,633 fewer than for 

traditional insemination. Consequently, the 
cost of primary catheters was 2,413.74 EUR 
lower for intrauterine insemination compared 
to the cervical method. 
However, intrauterine insemination requires 
the addition of intrauterine catheters, 
amounting to 77,860 units at a cost of 
29,197.58 EUR. Therefore, despite the lower 
number of primary catheters, the total cost of 
all catheters was 26,783.83 EUR higher for 
post-cervical insemination compared to 
traditional insemination, amounting to 
45,353.58 EUR. 

 
Table 4. Quantity and cost of inventory and additional ingredients for insemination of sows by various methods 

Indicators Insemination method 
Cervical Postcervical 

Amount of diluent per year (l) 8,054.3 7,007.4 
Cost of diluent per year (EUR) 14,749.3 12,832.1 
Number of main catheters (pcs) 89,493 77,860 
Cost of main catheters (EUR) 14,749.3 12,832.1 
Number of intrauterine catheters (pcs) 742,789 646,240 
Cost of intrauterine catheters (EUR) 0.0 28,485.4 
Total cost of catheters (EUR) 18,116.8 44,247.4 
Disinfectant for sperm, l 1,342.4 1,167.9 
Annual cost of disinfectant (EUR) 26,193.0 22,788.4 
Annual cost of additional insemination aids (EUR) 1,347,509.5 2,340,259.6 

Source: own calculations. 
 
Due to the smaller overall volume of semen 
used in the intrauterine insemination method, 
174.5 liters less disinfectant was required, 
totalling 1,167.9 liters for this method. Since 
the market price per liter of disinfectant is the 
same for both insemination methods, the 
annual cost of disinfectant for the post-cervical 
method amounted to 23,358.06 EUR, which is 
24,818.75 EUR less compared to the 
traditional insemination method. Considering 
the reduced amount of semen required to 
inseminate 15,510 sows using the post-cervical 
method, it becomes possible to decrease the 
number of breeding boars kept (Table 5). 
For the traditional insemination method, 
inseminating 15,510 sows requires 
maintaining 103 boars, whereas intrauterine 
insemination reduces this number by 44.0% to 
58 boars. Accordingly, the costs of purchasing 
these animals and their maintenance are also 
reduced. At a price of 2,812.5 EUR per high-
index breeding boar and an average usage 
period of 0.7 years, the annual depreciation 

cost per boar for both methods is 4,017.86 
EUR. Considering the larger number of boars 
required for inseminating all sows using the 
traditional method, the annual depreciation 
cost for this method amounts to 415,446.43 
EUR, while for the post-cervical insemination 
method, it is 182,796.43 EUR lower. 
Given the same annual maintenance cost of 
4,017.86 EUR per boar for both insemination 
methods, the total maintenance cost for all 
boars required for inseminating 15,510 sows 
using the cervical method amounts to 
415,446.43 EUR. 
In contrast, for the post-cervical method, this 
cost is 182,796.43 EUR lower, amounting to 
232,650.0 EUR. 
Considering the need for skilled labor by 
insemination technicians for both methods, the 
time spent by a technician to inseminate one 
sow is a critical factor. Time measurements 
were conducted for both methods, revealing 
that traditional insemination, due to the need 
for massaging the sow and waiting for sperm 
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absorption, requires 7.5 minutes per sow. In 
contrast, post-cervical insemination, which 
eliminates the need for massaging and allows 

for forced sperm introduction into the uterus, 
reduces this time by 4.3 minutes or 57.3%, to 
3.2 minutes. 

 
Table 5. Depreciation cost and cost of keeping boars for insemination of sows by various methods 

Indicators Insemination method 
Cervical Postcervical 

Number of breeding boars (heads) 103 58 
Annual cost of keeping one boar (EUR) 224.7 224.7 
Cost of keeping boars (EUR) 23,237.3 13,012.9 
Purchase cost of one boar (EUR) 2,743.9 2,743.9 
Average duration of use of a boar (years) 0.5 0.5 
Annual depreciation cost of one boar (EUR) 5,487.8 5,487.8 
Annual depreciation cost of all boars (EUR) 567,439.0 317,765.9 
Insemination time of 1 sow (minutes) 7.5 3.2 
Total time costs of artificial insemination technicians (hours) 11,186.5875 4,152.544 
Cost of an hour of work of the operator and artificial insemination technician, 
(EUR) 

2.5 2.5 

Annual cost of work of the operator and artificial insemination technician 
(EUR) 

28,212.0 10,472.5 

Total costs of insemination of all sows (EUR) 828,557.0 479,229.4 
Cost of insemination of one sow (EUR) 53.4 30.9 

Source: own calculations own calculations. 
 
For inseminating 15,510 sows, the traditional 
method requires 11,186.6 hours of labor 
annually, while the post-cervical method 
reduces this time by 7,034 hours or 62.9%, 
requiring only 4,152.5 hours. At a labor cost of 
2.59 EUR per hour at LLC NVP Globinsky Pig 
Complex, the annual labor cost for the 
traditional method is 28,917.33 EUR, while for 
the post-cervical method, it is 18,183.0 EUR 
lower, amounting to 10,734.33 EUR. 
Summarizing the overall costs for inseminating 
15,510 sows, the traditional method totals 
683,092.4 EUR, whereas the post-cervical 
method reduces these costs by 284,942.28 
EUR, amounting to 398,150.11 EUR. The 
annual cost per sow for the traditional method 
is 44.04 EUR, while for the post-cervical 
method, it is 41.7% or 18.38 EUR lower, 
amounting to 25.67 EUR. 
Therefore, the advancement of artificial 
insemination techniques and the adoption of 
the post-cervical method resulted in a 13.0% 
decrease in the number of semen doses needed 
per sow each year, a 44.4% reduction in the 
volume of each semen dose, and a 51.7% 
reduction in the total semen quantity required 
per sow annually. This contributed to a 61.4% 
decrease in semen costs for the entire sow herd. 
The introduction of the intrauterine 

insemination method also reduced the use of 
semen diluents and disinfectants by 13.0%, the 
number of boars required for sow herd 
insemination by 44.0%, and the corresponding 
depreciation and maintenance costs, while 
lowering insemination labor costs by 62.9%. 
The increased use of intrauterine catheters led 
to a 144.2% rise in their total cost, slightly 
raising the overall expense of the intrauterine 
insemination process, the post-cervical method 
still resulted in an 18.38 EUR or 41.7% 
reduction in the annual insemination cost per 
sow compared to the traditional method. For 
the total of 15,510 sows, this represents a 
savings of 284,942.28 EUR. 
Our findings, which show a 0.68% increase in 
the farrowing rate in sows inseminated using 
the post-cervical method, are consistent with 
the results of [5, 31, 38], but contrast with the 
research of [33], which indicated a trend 
toward a higher farrowing rate and larger litter 
size with the traditional insemination method. 
Our research findings also coincided with [21] 
regarding the increase in farrowing rates and 
the total number of piglets born with 
intrauterine insemination, but did not align 
with his results regarding an increase in sow 
prolificacy with this method, as no difference 
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in prolificacy was observed in our study when 
comparing the two insemination methods. 
The results of our study regarding the 
significant reduction in time for post-cervical 
insemination of sows compared to traditional 
insemination agree with the conclusions of [8, 
9, 33], but do not match in quantitative terms, 
which, in our opinion, is due to differences in 
the qualifications of the insemination 
technicians. 
Our conclusions regarding the higher 
economic efficiency of the post-cervical 
insemination method compared to the 
traditional method were similar to the reports 
[2, 14, 15, 25], which mention the improved 
efficiency in the use of boars and increased 
labor efficiency of artificial insemination 
technicians. 
 
CONCLUSIONS 
 
A tendency towards an increase in the 
farrowing rate and an increase in the total 
number of piglets born in sows to which sperm 
was introduced using the post cervical method 
was established. At the same time, no 
difference in multiparity between sows 
inseminated by different methods was 
established. 
With the post-cervical method of artificial 
insemination, the number of sperm doses 
required for insemination of one sow per year 
decreased by 13.0%, the volume of one sperm 
dose decreased by 44.4%, and the total amount 
of sperm decreased by 51.7%, as did the 
quantity and cost of sperm diluent used, the 
central catheters for insemination of one sow 
per year. 
It was established that with intrauterine 
insemination, the working time of artificial 
insemination operators decreased by 57.3% for 
the insemination of one sow, and the total cost 
of their labor and payment decreased by 
62.9%. 
Intrauterine insemination reduces the number 
of boars, their depreciation costs, and 
maintenance expenses by 44.0%, resulting in a 
more efficient utilization of their highly 
productive capacity. The post-cervical 
insemination method cuts the cost of 
inseminating a sow by 41.7% compared to the 

traditional method. The post-cervical 
insemination method allows to reduce the cost 
of insemination of one sow by 41.7% 
compared to the traditional method of 
insemination. 
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