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Abstract
The aim of this study was to evaluate ovarian activity and the size of oocytes in ovarian follicles 

of sexually mature Landrace-Yorkshire gilts in relation to the seasons of the year. The size and 
weight of the ovaries, the number of follicles and corpora lutea (CL) according to individual size 
categories were evaluated on 240 gilts slaughtered at an abattoir during the four seasons of the 
year. Our evaluation of the ovary size showed that they were the largest in autumn when their 
mean length reached 25.8 ± 3.4 mm, whereas in winter their mean length was 24.2 ± 2.9 mm 
(P < 0.05). During the autumn months, the largest number of follicles in the ovaries of the gilts 
was recorded, with a predominance of follicles up to 3 mm (mean number 17.9 ± 7.5). The 
smallest number of corpora lutea was observed in winter (mean number 6.1 ± 1.1) and the largest 
in spring (mean number 12.1 ± 2.6). The oocytes, from follicles of up to 3 mm size, were the 
smallest in spring (mean size 16.99 × 103 ± 3.42 × 103 µm2). In total, the largest oocytes were 
aspirated from 4–6 mm follicles in autumn (mean size 19.60 × 103 ± 5.37 × 103 ± µm2). The 
findings of the study indicate that the ovarian activity and growth of oocytes in gilts are affected 
by the seasons of the year.

Sows, reproduction, sesonal infertility 

Successful reproductive performance of gilts and sows is based upon the active 
functioning of their ovaries, characterised by intensive folliculogenesis. Numerous growing 
and ripening ovarian follicles ensure conditions for favourable conception abilities of gilts 
and sows and are an optimum source of oocytes for the use in embryo transfers.

Folliculogenesis is a process of development of follicles which are the basic structures 
of mammalian ovaries. It is one of the most important phases of development of the female 
reproductive organs that commences already during foetal life (Rybska  et al. 2018). 
Extensive studies have shown that after reaching sexual maturity, folliculogenesis involves 
ripening and ovulation of minimally 14–20 follicles during each subsequent oestrous 
cycle. However, every population of these follicles is morphologically and biochemically 
heterogenic. Differences in the number of granulosa cells, activation of lutropin receptors 
or concentration of steroids in the follicular fluid are recorded even in follicles of the same 
size. 

It is evident that the quality of follicles affects the quality of oocytes. The pre-ovulation 
development of follicles and oocytes can thus positively or negatively affect the formation, 
development, and survival of embryos. The economic efficiency of pig breeding largely 
depends on the effective reproductive management of sows (Knox  2016). Achieving such 
efficiency primarily involves reducing non-productive days, which will allow more piglets 
to be weaned per sow and year (Peltoniemi and Virolainen  2006; Knox  2014). 

Sows with one or more piglets represent approximately 80% of the total sow population 
on pig farms. They are inseminated immediately during the first oestrus after weaning, most 
often between the third and fifth day after weaning (Knox and Zas  2001). Unfortunately, 
a variable number of weaned sows do not show oestrus during this period, which 
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delays their insemination and increases the number of non-productive days (Lopes 
et al. 2014). Moreover, long intervals from weaning to oestrus are associated with increased 
losses during pregnancy, reduced number of farrowings and reduced number of litters 
(Lopes  et al.  2014; Knox  2019). The number of litters is determined by the number 
of oocytes released during ovulation that are fertilized and successfully develop into 
a viable piglet (Ferguson et al. 2006).  Between 5% and 15% of oocytes released 
at ovulation are not fertilized and up to 30% of embryos fail to develop after day 30 
of pregnancy (Hälli et al. 2008) and these reproductive losses represent lost economic 
potential for the pig industry (Lopes et al. 2014). Recent studies suggest that oocyte quality 
may be a primary determinant of embryo viability and survival (Bagg et al. 2004). The 
quality of oocytes is influenced by the maternal environment, especially the nutritional 
status, the age of the animal, the external environment, as well as the season (Tast  et al. 
2002; Bertoldo  et al. 2011; Swinbourne et al. 2014).

The aim of this study was to analyse ovarian activity in sexually mature gilts and to 
evaluate the size of oocytes according to individual size categories of follicles in the 
individual seasons of the year. 

Materials and Methods
Ovarian activity was evaluated on ovaries from 240 Landrace-Yorkshire gilts, 9–10 months old and weighing 

150–160 kg. The ovaries were obtained after the animals were slaughetered at the abattoir. The ovaries were 
evaluated for their size and weight and the number of follicles and corpora lutea (CL), according to individual 
size categories. In follicles the size categories were up to 3 mm, 4–6 mm, 7–9 mm, 10–11 mm and 12 mm and 
more, in corpora lutea up to 5 mm, 6–9 mm, 10–11 mm and 12 mm and more. Using an insulin syringe BD 
Micro-Fine Plus 0.5 ml (BD Medical, Franklin Lakes, USA), the follicular fluid with oocytes was aspirated and 
applied to Petri dishes (Gama group, a. s., České Budejovice, Czech Republic) and filled up to one third with 
sodium chloride 0.9% infusion solution (KO, Košice, Slovakia). The Petri dishes were marked with the size 
category of follicles from which the oocytes were aspirated. The identification of the oocytes in the dishes was 
carried out under a stereoscopic microscope STM 723 (Kapaoptic, Kvant, Bratislava, Slovakia) at a 20–40-fold 
magnification. Using an adjusted Monoject tuberculin syringe 1 cc (Covidien, Mansfield, England) with a piece 
of IUI pipette, we transferred the oocytes to the Petri dishes containing clear sodium chloride 0.9% infusion 
solution and after calibration of the microscope we photographed them using a camera 1,3 MP Moticam 1SP 
(Motic China Group Co., Ltd., Hong Kong, China). The size of oocytes was measured by the software Motic 
Images Plus 2.0 (Motic China Group Co., Ltd., Hong Kong, China). 

This study was carried out in accordance with the Ethics Committee at the UVMP in Košice, Slovakia under 
the number EKVP/2022-03.

The statistical evaluations of the results were carried out by the software Microsoft Office Excel 2013 
(Microsoft Corporation, Redmond, USA) and the significance of differences of two sets of data were determined 
using Student’s t-test (P < 0.05; P < 0.01; P < 0.001).

Results
The results obtained in this study confirmed the influence of seasons on ovarian activity 

and oocyte growth in gilts and sows.
Our evaluation of the ovary size (Fig. 1) revealed that the smallest ovaries were observed 

in winter (mean size 24.2 ± 2.9 mm) and the largest in autumn (mean size 25.8 ± 3.4 mm). 
The ovaries of gilts reached the highest weight (Fig. 2) in spring (mean weight 6.2 ± 2.2 g) 
and the lowest one in autumn (mean weight 5.7 ± 1.4 g). 

The above findings correspond with the largest number of ovarian follicles in gilts (mean 
number 24.8 ± 7.7) in autumn (Fig. 3) that resulted in enlarged volume of ovaries, and the 
highest number of corpora lutea (mean number 12.1 ± 2.6) in spring (Fig. 4) that affected 
the weight of the gilts’ ovaries. In autumn, the predominant size of the follicles was up to 
3 mm. The ovarian follicles of size 4–9 mm were found most frequently in autumn and 
winter (mean number 6.9 ± 2.0 and 6.9 ± 1.8, respectively).

When evaluating the size of oocytes collected from gilts’ follicles of size up to 3 mm, we 
detected different sizes of oocytes during individual seasons (Fig. 5). The smallest were oocytes 
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collected from follicles up to 3 mm size in spring (mean size 16.99 × 103 ± 3.42 × 103 µm2) 
and the largest were those collected in winter (mean size 18.90 × 103 ± 2.99 × 103 µm2). 
In total, the largest oocytes were collected from 4–6 mm follicles in autumn (mean size 
19.60 × 103 ± 5.37 × 103 µm2).

Fig. 1. The mean size of ovaries of gilts during the different seasons of the year.
Student’s t-test: a:b,c = P > 0.05; c:b,d = P < 0.05; a:d = P < 0.01 

Fig. 2. The mean weight of ovaries of gilts during the different seasons of the year.
Student’s t-test: P > 0.05
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Fig. 3. Comparison of the mean number of follicles per ovary in individual groups (A–E)  according to their size 
in gilts during the seasons
Student’s t-test: c:d = P < 0.05; a:b = P < 0.01 

Fig. 4. Comparison of the mean number of corpora lutea per ovary in individual groups (A–D)  according to their 
size in gilts during the seasons
Student’s t-test: c:a,b = P < 0.05
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Discussion

The functionality of the reproductive apparatus in sows is affected by a number 
of factors. One of them is the season of the year. It has been demonstrated that the seasonal 
variability of conception abilities of gilts and sows may cause disturbances of the oestrous 
cycle and occurrence of embryonic deaths. The reasons for these disorders are alterations 
of synthesis and release of gonadotropins from the hypophysis, particularly insufficient 
production of lutropin, which affects the activity of the luteal cells of the corpora lutea 
and causes a decreased production of progesterone. The low production of progesterone 
by the ovaries of gilts results in the reduced developmental competence of the oocytes 
(Bertoldo et al. 2010). Yoshizawa et al. (2009) stated that an optimum concentration 
of progesterone during folliculogenesis in gilts is necessary for the oocyte to reach its 
full developmental potential. Gupta et al. (2007) and Bertoldo et al. (2011) reported 
that oocytes obtained from the corpora lutea containing ovarian follicles of gilts and sows 
exhibited higher developmental potential than oocytes obtained from follicles that did not 
possess corpora lutea. It was recorded that the progesterone concentration varies with the 
seasons and its marked decrease is associated with a reduced conception rate or increased 
embryonic and foetal mortality rates in gilts and sows.

Pigs, as well as several other mammals (cattle, sheep and others, including the human 
population), are born with a highly varied number of ovarian follicles and oocytes in the 
ovaries, which decrease during aging and never replenish. This change in ovarian reserve is 
reflected in the number of antral follicles in the ovaries at all ages after birth (Evans et al. 
2012). As the factors causing this variability in ovarian follicle size at weaning are not yet 
fully explanated (Knox 2019) their elucidation would help design effective management 
strategies to achieve and maintain optimal weaning-to-oestrus intervals. Seasons, parity, 
body condition and duration of lactation are considered to be the main factors influencing 
the growth of ovarian follicles in sows (Knox 2019). Elucidation of the role played by the 

Fig. 5. The average size of oocytes of gilts during the different seasons of the year
Student’s t-test: P > 0.05 
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season would be of particular interest, as seasonal changes in daylight and air temperature 
are well-known factors affecting the reproductive performance of sows, which significantly 
affects the economics of pig farming (Quesnel et al. 2005; Peltoniemi and Virolainen 
2006; Auvigne et al. 2010; Bertoldo et al. 2011).

The effects of season and mild nutritional restriction on ovarian function and oocyte 
nuclear maturation in cyclic gilts were pointed out by Swinbourne et al.  (2014) who 
reported that the number of large follicles (≥ 6 mm) was lower in summer (S) compared 
to winter (W) (S: 10.7 ± 1.74 vs W: 15.5 ± 1.15, P < 0.05), as was the proportion 
of oocytes in the germinal vesicular stage of meiosis (S: 0.06 ± 0.02 vs W: 0.08 ± 0.02, 
P < 0.05). However, the proportion of oocytes that reached MII was similar in summer 
and winter (S: 0.72 ± 0.04 and W: 0.69 ± 0.06, P > 0.05). Intrafollicular concentrations 
of luteinizing hormone were higher in summer (S: 43.05 ± 6.44 vs W: 12.05 ± 5.12 ng/ml, 
P < 0.001), while oestradiol was lower (S: 1.27 ± 0.36 vs W: 27.52 ± 5.59 ng/ml, 
P < 0.001). The results demonstrated that in summer the growth of follicles above 6 mm 
is impaired during the periovulatory period without  affecting the meiotic competence 
of the oocytes. Importantly, these data also demonstrated that ovarian follicle growth and 
the ability of oocytes to achieve MII in vitro appear to be unaffected by mild nutritional 
restriction during the preceding oestrous cycle. In agreement with our findings, Lopes 
et al.  (2020) in a field study after transrectal ovarian scanning, recorded a comparable 
mean follicle size in weaned (n = 191) and lactating (n = 40) sows as in our experiment and 
concluded that the growth of ovarian follicles during lactation determines the reproductive 
performance of weaned sows, as already lactating sows showed large variability in ovarian 
follicle diameter, suggesting that variability at weaning already existed during early 
lactation and carried over to weaning. 

Likewise, the results of several other experimental works confirmed that sows show 
significant variability in the size of ovarian follicles at weaning (Bracken et al. 2003), 
whereas sows with small follicles at weaning had a longer interval from weaning to oestrus 
(Lucy et al. 2001; Lopes et al. 2014). Kumar et al.  (2016) aimed to assess the effect 
of different seasons on pig ovarian biometry, oocyte collection and oocyte quality in the 
northeastern hilly region of India. Pig ovaries (1886) were collected over a 12-month period 
from local slaughterhouses. Morphological studies revealed mulberry-shaped ovaries with 
an average weight of 4.435 ± 0.622 g. The mean number of follicles and corpora lutea 
was significantly higher in winter than monsoon but not significantly different from pre-
monsoon/summer. The number of retrieved oocytes from visible follicles in the oocyte 
collection medium was significantly higher in winter than in the other two seasons. The 
percentage of class I (10–12 mm), class II, (7–9 mm), class III (4–6 mm) and class IV 
(≤ 3 mm) oocytes was found to be 24, 36, 23 and 17%, respectively. Cultivable oocytes 
were significantly higher in winter than in summer and monsoon seasons. The season had 
a significant effect on the quality and quantity of pig ovaries, which could be well utilized 
for in vitro maturation and fertilization by reproductive and biotechnology research. 
Currently, little is known about the aetiology of seasonal infertility in sows.  Recent 
findings represent a significant advance in the understanding of sow reproductive 
physiology and implicate poor oocyte developmental competence as a contributing factor 
to infertility during the seasonal period.  It has also been shown that ovarian activity is 
reduced during the seasonal period of infertility. Decreased oocyte quality is associated 
with reduced progesterone levels in the follicular fluid during final oocyte maturation 
in vivo (Bertoldo et al. 2012). In sows, summer and early autumn are the periods when 
reproductive indicators show the lowest values. This period is often referred to as summer 
infertility or, more appropriately, as seasonal infertility, as the effects may occur outside 
of the summer months (Tast et al. 2002; Martinat-Botté et al. 2010). Manifestations 
of seasonal infertility include delayed puberty (Martinat-Botté et al. 2010), prolonged 
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or irregular weaning to oestrous intervals (Belstra et al. 2004; Seyfang et al. 2016), 
reduced birth rate (Tantasuparuk et al. 2000; Hansen et al. 2001), anoestrus and reduced 
number of litters (Tast et al. 2002).  Seasonal infertility can be attributed to a variety 
of factors, but is primarily associated with seasonally high environmental temperatures that 
negatively affect nutrient intake for lactation (Tast et al. 2002). Reduced feed intake may 
also interact with the photoperiod, as feeding restriction has been shown to lead to higher 
melatonin circulation in sows (Langendijk 2022). 

In general, seasonal infertility occurs more often in gilts and young sows than in older sows 
(Tummaruk 2012; Iida and Koketsu 2013). Heat stress and long photoperiods during 
the warm season can cause a decrease in feed intake and an imbalance of the hypothalamic-
pituitary-ovarian axis. Increased variability of the interval between the onset of oestrus and 
ovulation leads to an increased number of poorly timed inseminations. Altered endocrine 
activity threatens the development of follicles and luteal bodies, reduces oocyte quality 
and increases embryo mortality (De Rensis and  Kirkwood 2016; Hale et al. 2017; 
De Rensis et al. 2017). It has been assumed that the quality of oocytes and their fertilization 
ability as well as maturation competence are affected by the size of the follicles from which 
they originated (Alwarez et al. 2009). Oocytes are present in ovarian follicles in all stages 
of folliculogenesis and can be obtained already from follicles 2–5 mm in size (Marcha 
et al. 2002). However, there is an assumption that with the increasing size of the follicle, 
the environment that affects the quality of the oocyte and its fertilization ability improves 
as its maturation competence improves. With the growth of follicles, the number of layers 
and counts of columnar cells surrounding the oocytes increase (Liu et al. 2002). Oocytes 
obtained from larger follicles (3–8 mm) exhibit increased intensity of meiotic maturation 
and higher cytoplasmic activity than oocytes obtained from small follicles (up to 3 mm). 
It was reported that higher proportion of oocytes collected from larger follicles developed 
to metaphase II compared to oocytes from small follicles (Liu et al. 2002). During 
in vitro cultivation, such oocytes exhibit a higher ability to develop to the blastocyst stage 
than oocytes collected from smaller follicles. The concentrations of steroid hormones, 
particularly progesterone (P4) and 17-beta oestradiol (E2) increases in the follicular fluid 
of growing follicles which is positively reflected in terms of an increased developmental 
competence of oocytes (Liu et al. 2002). Differences in the concentrations of these steroid 
hormones were recorded also between ovarian follicles of pre-pubertal and sexually 
mature gilts (Grupen et al. 2003). The concentration of these hormones was substantially 
lower in follicles of pre-pubertal gilts compared to follicles of the same size collected from 
sexually mature gilts. Similarly, oocytes obtained from follicles of pre-pubertal gilts at 
in vitro fertilization showed markedly a higher degree of polyspermy than oocytes from 
follicles of sexually mature gilts. This indicates insufficient cytoplasmic maturation in pre-
pubertal gilts and the fact that the age of gilts also affects the developmental competence 
of oocytes. Griffin et al. (2006) observed that the developmental competence of oocytes 
during in vitro fertilization correlated with the size of oocytes; the larger the oocyte, 
the higher the probability of its good developmental competence. The size of oocytes 
is again in correlation with the size of the follicles. Only sufficiently large follicles contain 
the optimum number of cells necessary for the adequate developmental competence 
of oocytes, numerous receptors for gonadotropic hormones and optimum concentrations 
of steroids in the follicular fluid. 

The identification of reliable characteristics of follicular quality and developmental 
competence has been pursued in many studies, but with inconsistent results. They focused 
on identifying these characteristics by analyzing the profile of steroids (Jochems et al. 
2021; Jochems et al. 2022) or other hormones and various metabolites (Bartkova et al. 
2020) in the follicular fluid in relation to the cumulus-oocyte complex morphology and 
follicle size, followed by molecular rationale (Costermans et al. 2020).
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Traditional methods of oocyte quality assessment are based on the morphological 
classification of follicle, cumulus-oocyte complex, polar body and meiotic 
spindle.  Biochemical and morphological changes in oocytes and surrounding 
granulosa cells are very complex and depend on many factors, including intercellular 
communication.  Granulosa cells have many functions, often crucial for proper oocyte 
viability and subsequent positive fertilization (Munakata et al. 2018; Kulus et al. 2020). 

The results of several works (Bertoldo et al. 2013; Hu et al. 2020; Inoue et al. 2020; 
Gad et al. 2022) confirm that the microenvironment of the developing follicle is crucial 
for the acquisition of oocyte developmental competence, which is influenced by several 
factors, including follicle size and season. Ovarian follicular fluids contain several types 
of regulatory factors that maintain a suitable microenvironment for oocyte development. 
Extracellular vesicles are among the factors that play an essential role in the regulation 
of follicle and oocyte development through their microRNA (miRNA) molecules. It seems 
that in order to overcome the seasonal effect and achieve acceptable early embryonic 
development in pigs, experimental work will be pointed in this direction (Kwak et al. 
2014; Tsakmakidis et al. 2017; Shibahara et al. 2020; Zhao et al. 2020).

In conclusion, the fertilization abilities and developmental competences of oocytes are 
affected by a number of factors including the gilts’ age, their nutritional status during 
mating, the season, and follicle growth. Without accepting and optimising the influence 
of these factors on folliculogenesis and thus also on the development and maturation 
of oocytes, breeders will be unable to ensure the required reproductive indices in pig 
farming and experimental workers will not reach the expected results of in vitro fertilization 
in embryo transfer programmes developed for pigs.
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