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Abstract
The aim of this study was to evaluate whether the supplementation of compound feed during rearing and before
serving of gilts with conjugated linoleic acid (CLA) influences the organometric parameters of their reproductive
system and their reproductive performance. The experimental work was carried out in operating conditions of a
production pig farm. Total number of 80 gilts (40 gilts in control group and 40 gilts in experimental group) of
hybrid combination Czech Large White x Czech Landrace (CLW x CL) were included in the observation. During
the experiment the gilts were fed with a control compound feed and an experimental compound feed
suplemented with 2% of CLA for the time of 65 days. After insemination, 20 gilts from both groups were
selected randomly, in which organometric parameters of reproductive system were evaluated post mortem.
Remaining gilts were tested for their reproductive performance on the first litter. Based on gained results it can
be concluded, that the CLA supplementation decreases the mean age of gilts at the time of first service (P < 0.05).
The same group recorded trend of higher numbers of ovulated oocytes and collected embryos, however the
difference was not statistically significant (P > 0.05). Neither statistically significant differences were found in
organometric parameters of the reproductive system (P > 0.05). Evaluation of reproductive performance
parametres revealed reaching better results in the experimental group (P < 0.05). These findings demonstrate that
the supplementation of diet for gilts during rearing with CLA can improve their reproductive performance.
Keywords: conjugated linoleic acid, reproductive system, reproductive performance, gilts
1. Introduction
One of the essential prerequisits for achievement of profitable lifelong performance of sows is appropriate
preparation before their productive period. Breeders goal should therefore be to secure rearing of gilts leading to
appropriate body development and onset of reproductive functions. Achievement of optimal results is influenced
by several endogenous and exogenous factors. The environmental conditions and especially nutrition are
determining for putting the conrol mechanism of sexual activity into operation. The focus of nutrition in
breeding gilts is on optimal development of skeleton, muscles and first of all development and function of
reproductive organs (Horký, 2014). Quality and appropriate nutrition should ensure reaching sexual maturity,
full-fledged function of reproductive organs and optimal development of embryos. Besides necessary energy,
amino acids, vitamins and minerals, also fatty acids are substantial components of nutrition. The fatty acids,
especially polyunsaturated fatty acids, play an important role in reproductive processes (Wathes et al., 2007).
The role of fatty acid in the peri-ovulatory and peri-conception phase of livestock reproduction is multifaceted
and effects can be modulated at the endocrine as well as at nutrient provision level (Sturmey et al., 2009). Kim et
al. (2007) state that providing fatty acids with specific functions can improve performance of sows by
influencing key metabolic pathways. These substances may increase conception rates, embryogenesis,
anti-oxidation activity and immune system functions. Meaningful attention has been paid to conjugated linoleic
acid (CLA) lately, both in human sphere and in the field of animal nutrition. Stachowska (2008) states that
interest in CLA increased with published results on anticancer and lipodystrophic effects, impact on changes in
body composition, on diabetes, hypercholesterolemia and on immune system, growth ability and reproduction.
Conjugated linoleic acid (CLA) represents a group of positional and geometric isomers of linoleic acid, whose
most common sources are milk, dairy products and meat of ruminants. Corino et al. (2009) reported that
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information available on the most appropriate dose and lenght of supplementation of CLA is insufficient. The
biggest problem is in using different levels of CLA supplementation, length of supplementation and also limited
numbers of animals in individual studies. The role of endogenous stores of fatty acids in reproduction process,
oocyte development and embryo pre-implantation in pigs have been studied less intensively than the effect on
nutritional value and quality of meat and meat products (e.g. Cordero et al., 2010; Wasilewski et al., 2014).
Authors working in the field of reproduction (e.g. Spencer et al., 2004; Castaneda-Gutiérrez et al., 2007; Smits et
al., 2011) studied the topic of supplementation with fatty acids in gilts before service or in early phases of
gravidity. In their studies they mostly evaluated effects on ovulation and conception rates, numbers of
developing embryos, their survival and decreased embryonic mortality. Later analysis of litter size was not
described. Therefore the aim of this study was to evaluate the effect of conjugated linoleic acid (CLA) dosed to
gilts before service not only on organometric parameters of reproductive system, ovulation rate and embryo
development, but also on following results of reproductive performance of gilts on the first litter.
2. Materials and Methods
2.1 Animals and Housing
Total number of 80 gilts of hybrid combination Czech Large White x Czech Landrace (CLW x CL) were
included in the observation. The gilts were divided into two groups of the same number, i.e. 40 gilts in the
control and 40 gilts in the experimental group. The gilts were stabled in common operating conditions of rearing
house, with each group, i.e. control and experimental, further divided into two group pens of 10 animals. Intake of
water and complete compound feed for rearing gilts was ad libitum.
2.2 Diets and Conjugated Linoleic Acid (CLA)
The source of synthetic conjugated linoleic acid was the preparation Lutalin (C 18:2 trans – 10 cis – 12) from
BASF, Germany. The praparation was added to the experimental compound feed at the level of 2% by spraying
with the use of vacuum mixer. Analysis of compound feed composition was performed in the Laboratory of the
Department of Animal Nutrition and Forage Production. Composition and nutrition content of the control and
the experimental complete compound feed for gilts are shown in Table 1.
2.3 Experimental Design
The experimental work was started when mean weight 108.10 ± 6.56 kg was achieved in the experimental group
(at the age of 177.20 ± 12.31 days) and 109.80 ± 9.67 kg in the control group (at the age of 179.20 ± 9.92 days).
From this moment the experimental group was fed only with complete compound feed for rearing gilts
supplemented with conjugated linoleic acid at the level of 2% for 65 days. After termination of feeding the
compound feed, the gilts were inseminated at their second estrus.
2.3.1 Parameters of Reproductive Organs in Gilts
Subsequently, 20 gilts from the control group and 20 gilts from the experimental group, randomly selected, were
slaughtered at the experimental slaughterhouse of the Institute of Animal Science six days after insemination.
Post mortem the reproductive organs were recovered, ovaries were cut off, weighed and the diameter was
measured, uterine horns were cut off and their length was measured using a ruler. Embryos were flushed from
uterine horns with 40 ml of Dulbecco PBS medium supplemented with 10% foetal bovine serum (GIBCO®,
Invitrogene Corporation) warmed to 38.5 °C. The embryos were morphologically examined under
stereomicroscope. Following parameters were detected: weight of left and right ovary, diameter of left and right
ovary, number of corpora lutea and length of uterine horns. Percentage of fertilized oocytes was calculated from
total number of corpora lutea and total number of embryos.
2.3.2 Reproductive Performance of Gilts
The remaining gilts, i.e. 20 in the control and 20 in the experimental group, included in the reproduction were
intended for evaluation of reproductive performance on the first litter. The gilts were moved to group housing
where they stayed till the 108th day of gravidity. One week before estimated term of farrowing they were
transfered to individual farrowing pens. After farrowings and after weaning of piglets at the mean age of 28 days,
the parameters of reproductive performance were evaluated.
2.4 Statistical Analysis
The data were analysed using software QC expert (TriloByte Statistical Software Ltd.). All data were expressed
as mean ± SD. One way ANOVA and the Student’s test were used to determine differences between the means of
control and experimental group. A probability value of P > 0.05 was considered statistically not significant (NS),
P < 0.05 statistically significant (S*).
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Table 1. Composition and nutrition content of the control and the experimental compound feed for gilts
Components proportion in%

Control compound feed

Experimental compound feed with 2% CLA

Wheat

39.00

39.00

Spring barley

31.00

31.00

Soybean, toasted

9.00

9.00

Rapeseed oil

2.00

0.00

Wheat bran

5.00

5.00

Sugar beet pulp

5.00

5.00

Protein dried fodder

3.00

3.00

Yeast Vitex

1.50

1.50

Conjugated linoleic acid

0.00

2.00

Calcium carbonate

1.40

1.40

Calcium hydrogen phosphate

1.00

1.00

Sodium chloride

0.40

0.40

Copper sulphate pentahydrate (mg/kg)

23.00

23.00

3 – phytase (PPU)

500.00

500.00

Vitamin A (IU/kg)

15 000

15 000

Vitamin D 3 (IU/kg)

1 500

1 500

Vitamin E (IU/kg)

52.00

52.00

Nutrition content g/kg

Control compound feed

Experimental compound feed with 2% CLA

Water

111.53

113.75

Dry matter

888.47

886.25

Nitrogen

23.38

23.45

Crude protein

146.13

146.56

Indigestible N - substances

17.25

18.00

Digestible N - substances

128.88

128.56

Roughage

37.33

37.00

Fat

48.59

45.78

Ash

57.43

57.13

Sacharose

21.77

19.56

Starch

438.90

434.26

Lysine

7.55

7.55

Methionine

2.41

2.41

Met + cys

4.79

4.79

Threonine

4.94

4.94

Tryptofan

1.66

1.66

Calcium

0.69

0.69

Total phosphorus

4.52

4.52

Digestible phosphorus

1.19

1.19

Sodium

1.64

1.64

ME (MJ/kg)

13.36

13.22

3. Results
3.1 Parameters of Reproductive Organs in Gilts
The results of parameters of reproductive organs in gilts are shown in Table 2. Higher weight and diameter of
ovaries were found in the experimental group, however without statistically significant difference (P > 0.05). The
length of uterine horns was also measured in the experiment. Longer right uterine horn was found in the control
group but left uterus was longer in the experimental group (P > 0.05). The number of corpora lutea (CL) on the
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right ovary was higher in the control group of gilts, on the contrary on the left ovary the number was higher in
the experimental group. Overall, the ovulation rate was higher in the gilts of the experimental group by nearly
two oocytes. Also the number of flushed embryos was higher in gilts of the experimental group. Although the
differences between groups are not statistically significant (P > 0.05), there is an evident trend of higher number
of ovulated oocytes and collected embryos after inclusion of CLA into feed ration for gilts.
In the gilts slaughtered six days after the first insemination, higher ratio of fertilized oocytes (flushed embryos)
and corpora lutea was found in the control group than in the experimental group (P > 0.05). The relations
between selected organometric parameters of reproductive system were calculated as correlations of all
measured values, regardless of differences between the experimental and the control group. Highly significant
correlations (P < 0.01) were observed between the ovary weight and the number of corpora lutea (r = 0.69),
ovary weight and number of embryos (r = 0.42), ovary diameter and number of corpora lutea (r = 0.49) and
ovary diameter and number of embryos (r = 0.34).
Table 2. Basic statistical characteristics of parameters of reproductive organs in gilts
Group

Parameter

Statistical significance

Control

Experimental

Right

5.38 ± 2.18

6.74 ± 2.52

NS

Left

6.37 ± 3.20

8.50 ± 2.84

NS

Right

2.75 ± 0.56

3.14 ± 0.48

NS

Left

2.97 ± 0.54

3.08 ± 0.59

NS

Right ovary

7.17 ± 1.94

6.20 ± 2.59

NS

Left ovary

7.17 ± 2.31

10.20 ± 3.35

NS

Right

123.17 ± 19.03

114.20 ± 22.59

NS

Left

124.33 ± 31.40

124.40 ± 15.68

NS

Total number of embryos

8.50 ± 3.35

9.00 ± 2.37

NS

Fertilized oocytes (%)

58.12

54.44

Ovary weight (g)
Ovary diameter (cm)
Number of corpora lutea
Uterine horn length (cm)

Note. NS = Difference between values is not statistically significant (P > 0.05).
3.2 Reproductive Performance of Gilts on the First Litter
Age of gilts at the time of first service was calculated from the dates of birth and dates of first insemination. The
gilts in the control group were inseminated at the mean age of 248.60 ± 20.80 days and gilts in the experimental
group at the age of 245.40 ± 16.50 days. Statistically significant difference (P < 0.05) between the evaluated
groups of sows counted 3.2 days in favor of gilts fed with CLA supplementation. Results of conception in gilts
are shown in Figure 1. These results speak in favor of the experimental group, with confirmed gravidity in 16
gilts after the 1st insemination, in 3 gilts after the 2nd insemination and in one gilt the 3rd insemination was
necessary. On the contrary, in the control group, gravidity after the 1st insemination was confirmed in 14 gilts,
after the 2nd insemination in 3 gilts and the 3rd insemination was necessary in 3 gilts.
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Figure 1. Conception in gilts
Achieved results of reproductive performance are presented in Table 3. It can be concluded that phenotypic level
of reproductive performance in gilts was significantly (P < 0.05) influenced by addition of conjugated linoleic
acid to feed ration before service. Reached mean values of total numbers of born piglets indicate that litter size
was significantly influenced (P < 0.05) by supplementation with CLA. Results of number of live-born piglets
again speak in favor of the experimental group, with statistically significant difference (P < 0.05) of 1.5 piglet.
Comparison of numbers of stillborn piglets also showed better results in the experimental group (P < 0.05).
Another evaluated parameter, number of weaned piglets, was also higher in the gilts with feed ration
supplemented with conjugated linoleic acid. The difference in number of weaned piglets was 1.27 and was found
statistically significant (P < 0.05). These findings demonstrate that the supplementation of diet for rearing gilts
with CLA can improve their reproductive performance.
Table 3. Basic statistical characteristics of reproductive parametres in gilts on the first litter
Parameter

Group

Statistical significance

Control

Experimental

Total number of piglets (pcs/litter)

9.89 ± 4.03

10.58 ± 4.56

S*

Number of live-born piglets (pcs/litter)

8.40 ± 3.90

9.91 ± 4.14

S*

Number of stillborn piglets (pcs/litter)

1.46 ± 3.38

0.67 ± 0.98

S*

Number of weaned piglets (pcs/litter)

7.73 ± 3.37

9.00 ± 3.30

S*

Note. S*= Difference between values is statistically significant (P < 0.05).
4. Discussion
4.1 Parameters of Reproductive Organs in Gilts
The results of our study did not confirm an effect of conjugated linoleic acid supplement in compound feed for
rearing of gilts on the parameters of reproductive organs. However there was an evident trend in ovulation of
higher numbers of oocytes and collected embryos. Castaneda-Gutiérrez et al. (2007) state that mechanisms, by
which CLA influences reproduction, may include better follicular development. A positive effect of
supplementation with fatty acids was confirmed by Kojima et al. (1997), who found the highest number of
corpora lutea in gilts, whose diet was enriched in PUFA (P < 0.05). Based on achieved results they say that feed
mixtures enriched in unsaturated fatty acids may be efficient in increasing of ovulation rate. Brazle et al. (2009)
conducted a study on evaluation of effect of PUFA supplementation length on embryonic development. PUFA
supplementation was dosed to gilts with approximate age of 170 days till the 40th – 43rd day of gravidity, in the
second group of gilts from the age of 150 days for 33 days. In both groups the same dose of PUFA was used, i.e.
1.5%. Subsequently, corpora lutea and embryos were evaluated. Numbers of corpora lutea were not influenced,
but differences were found in the numbers of developing embryos as same as their composition. Authors state
that nutrition of gilts supplemented with fatty acids changed composition of embryos and that supplementation
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with n-3 fatty acids can influence survival of embryos. On the contrary, Estienne et al. (2006) did not confirm an
effect of 1% addition of omega-3 polyunsaturated fatty acid source to gilts before insemination on ovulation rate
and numbers of embryos. Perez et al. (1995) also evaluated the effect of dietary n-3 PUFA on embryo
development. They did not find effect on the number of corpora lutea and number of embryos. The correlations
between monitored morphometric parameters of reproductive system were evaluated in our experiment. Dybala
et al. (2008) calculated significant correlations (P < 0.01) between uterus weight and uterine horns length, uterus
capacity and ovaries weight. Also the study of Brüssow et al. (2004) confirmed correlation between numbers of
corpora lutea and ovarian weight (P < 0.01).
4.2 Reproductive Performance of Gilts on the First Litter
The results of the study proved statistically significant (P < 0.05) positive effect of CLA supplementation dosed
during rearing on reproductive performance of gilts on the first litter. Mattos et al. (2000) published conclusions
that fatty acids in general can positively influence reproduction via improvement of energy balance and
increased levels of reproductive hormone precursors. According to the authors, CLA contributes to suppression
of F2alfa prostaglandin synthesis in uterine endometrium, which is an antagonist to progesterone produced by the
corpus luteum. CLA also decreases sensitivity of the corpus luteum to PGF2alfa. This improves persistance of the
corpus luteum and pregnancy maintenance in early stages and thus decreases probability of early embryonic
mortality. Increased embryonic survival is described also by Webel et al. (2003) and Perez et al. (1995) who
recorded an increase of early embryonic survival in gilts fed with a source of omega-3 fatty acids. Spencer et al.
(2004) performed evaluation of litter size after feeding gilts before inclusion into reproduction with a source of
omega-3 fatty acids (1.5%) for 30 days and confirmed increased litter size. Also Smits et al. (2011) found
positive effect of n-3 PUFA addition to nutrition of gilts before service on litter size. Statistically significant
difference (P < 0.05) was found in the total number of born piglets (10.7 vs 9.7) and in the number of live-born
piglets (10.2 vs 9.3). Positive effect of omega-3 fatty acids was recorded also by Reese (2003), when a
preparation dosed for 30 days before service influenced the total number of born piglets (8.7 vs 7.9) as well as
the number of live-born piglets (8.3 vs 7.4) and proved decreased mortality before weaning (10.2% vs 11.7%; P
< 0.05).
5. Conclusion
The results of our study proved that the supplementation of compound feed for rearing gilts with conjugated
linoleic acid can influence reproductive performance. This indicates a potential possibility of using CLA as an
effective nutritional supplement for improving results in the area of pig reproduction. However many other
factors play important role in pig reproduction and must be taken into account.
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