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Forty-two pigs, entire males, surgical castrates and gilts, was randomly selected for the experiment. After reaching the average live
weight of 105 kg, pigs were slaughtered. Significant differences (P <0.05) in contents of water and crude fat in muscle between
entire males and castrates (74.44 vs 73.93%, 2.52 vs 3.14%), resp. of cholesterol between entire males, gilts and castrates (0.31, 0.33
vs 0.41%) were found. Significantly higher contents (P <0.05) of almost the all amino acids in entire males and gilts compared to
castrates were observed. In muscle, castrates had more eicosanoic fatty acid than entire males, and vaccenic than gilts whilst gilts
and entire males had higher content of linolenic acid than castrates (P <0.05). In adipose tissue, entire males had lower content
(P <0.05) of myristic, stearic, palmitic, and total saturated fatty acids than castrates or both castrates and gilts (1.39 vs 1.45%,
14.88 vs 16.90%, 25.41 vs 26.83 and 26.27%, 43.40 vs 46.70 and 45.53%). At the same time, they showed greater amounts of oleic
(36.71 vs 34.95%), total monounsaturated (43.58 vs 41.35%), linoleic (10.29 vs 9.45 and 9.56%), linolenic (0.65 vs 0.59%), total
polyunsaturated (12.06 vs 11.06%), n-6 (10.69 vs 9.83%) and n-3 (0.78 vs 0.71 and 0.72%) fatty acids than castrates or both castrates
and gilts. Also, PUFA/SFA ratio was more desirable in entire males than those of castrates and/or gilts (0.28 vs 0.24 and 0.25). Based
on these results, meat and adipose fat from entire males seems to be more beneficial from the human health point of view.
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Introduction

At present, a production of high quality meat including
pig meat is in the spotlight of pork producers and meat
processors since consumers have been becoming more
demanding on quality of meat and meat products.
Therefore, not only growth performance and carcass
value of pigs are the aims of modern pig production,
but also meat quality parameters including quality of fat
tissue.
The aspects of pork quality are becoming increasingly
important in regard to the expected stopping of surgical
castration of piglets within EU countries in the near future
on the base of meeting the pig stakeholders which was
held in 2010 (EC Declaration, 2010). It is widely known that
castration prevents the expression of boar taint in pork

(Font i Furnols et al., 2003; Bonneau and Squires, 2004)
but presently it has became the subject of heavy criticism
from the animal welfare point of view. One alternative
to surgical castration that has a chance to be widely
used in practice is entire males rearing. The advantages
of boars over barrows and gilts in growth intensity,
feed conversion and carcass quality are well known
(Dostálová and Koucký, 2008; Pauly et al., 2008; Škrlep et
al., 2012). However, apart from the problem of boar taint,
a very little research has been conducted on the quality
of amino acid and fatty acid composition of pork from
entire males. Generally, amino acids play an important
role in nutrition as some of them are essential not only for
animals but also for human (Okrouhlá et al., 2006). Total
intramuscular fat content and fatty acid composition
affect the eating quality traits such as tenderness,
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juiciness and flavour (Font i Furnols et al., 2008; Aluwé et
al., 2013; Liu et al., 2017). Several studies in the past have
been concentrated on fatty acid composition in adipose
tissue (e.g. belly, backfat) but recently, there is more
emphasis on fatty acid composition in muscles because
of their importance for human health.

Table 1

The objectives of the present study were to determine the
meat quality traits, amino acid and fatty acid composition
of muscle and fat tissue of entire males and to compare it
with castrated males and gilts.

2

Composition and nutrient content of the diet

Ingredients

g kg-1

Barley

330

Corn

150

Wheat

120

Wheat bran

80

Rapeseed meal

60

Soybean meal

80

Animal fat

Materials and methods

5

Premix

10

Ground limestone

12

2.1 Animal care

Feed salt

4

Animal care was done in accordance with Act on animal
veterinary care No. 39/2007 of Slovak Republic and
approved by Animal Care Committee of the Research
Institute for Animal Production.

Monocalcium phosphate

8

Analysed composition
Dry mater

899.2

Organic matter (in 1000g DM)

958.3

2.2 Animals and diet

Crude protein

149.8

Forty-two pigs, entire males (EM), surgical castrates
(SC) and gilts (G), each of 14, was randomly selected
for the experiment. Pigs were crosses of Landrace (L)
sows and Yorkshire × Landrace (YxL) boars. From seven
litters was always selected 6 sibs (2 EM, 2 SC and 2 G).
Male pigs (SC) were castrated until 7 days of age. They
were housed in test station at 22–26 ±0.64 kg live weight
because of acclimation to new space and feed. Pigs were
housed in pairs in pen according to gender. They were
fed by commercial diet (Table 1) according to nutrient
requirements for growing-finishing pigs and actual
growth curves during whole test period (from 30 to 105
kg live weight) and have free access to water. Test started
at 30 ±0.82 kg live weight of pigs.

Crude fiber

47.7

Crude fat

23.5

2.3 Slaughtering, sampling and analysis
After reaching the average slaughter weight of 105 ± 4.26
kg, pigs were slaughtered at the experimental slaughter
house of the Research Institute for Animal Production
(RIAP) situated approximately 200 m from the test stable.
During the experiment, two pigs (1 EM and 1 SC) were
excluded because of health reasons.
A slaughter was done according to standard procedure,
e.g. electrical stunning, vertical exsanguination, vapor
scalding and evisceration. After that, carcasses were
chilled 24 hours at air temperature of 2 °C to 4 °C, and
air velocity 0.5 to 1.0 m s-1 started approximately 60
min post mortem. The second day after slaughter,
the dissection of the right half of carcasses was done.
Subsequently, samples from neck (at level of 5th thoracic
vertebra) and from adipose tissue (over the neck, each
of approx. 200 g) were taken and transported to the

Nitrogen-free extractes

737,3

Ash

41.7

Lysine (in DM)

7.0

Metionine + Cysteine (in DM)
Metabolisable energy (MJ kg )
-1

5.3
14.8

DM – dry matter, Premix – Fe 40,000 mg, Cu – 5,000 mg, Mn –
16,500 mg, Zn – 40,000 mg, Se – 90 mg, I – 300 mg, Co – 300 mg, vitamin
A – 3,000,000 m.j., D3 – 375,000 m.j., E – 9,000 mg, K3 – 525 mg, B1 –
600 mg, B2 – 1,350 mg, B6 – 600 mg, B12 – 10 mg, calcium pantothenate –
5,250 mg, Niacinamide – 4,500 mg, cholinchloride – 45,000 mg, folic
acid – 75 mg

Chemical laboratory of the Slovak Agricultural University
for basic chemical composition, cholesterol content as
well as amino and fatty acid composition. Each sample
was homogenized (50 g) and subsequently analyzed by
the Fourier Transform Infrared (FTIR) method (Carbonaro
and Nucara, 2010) using the device Nicolet 6700 (IET Ltd.,
Illinois, USA).
2.4 Statistical analysis
Statistical package (SAS Institute Inc., Cary, N.C., USA,
2009, version 9.2) was employed in the analysis. Basic
statistics for all the variables of castration/sex treatment
groups was calculated using MEANS procedure.
Differences between groups were analysed using GLM
procedure. Castration/sex treatment was included in
the model as fixed effect. All data are presented as Least
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Squares Means (LSM) with standard errors of the mean
(SEM). The model used was:

Differences between entire males, castrates and gilts
were observed in amino acid composition of meat (Table
3). The content of essential amino acids in the meat of
boars and gilts was very similar and higher (P <0.05) with
exception of cysteine (both boars and gilts) and histidine
(gilts) than in meat of castrates.

yi = μ + Bi + ei
where:
yi – characteristic of trait selected
μ – intercept
Bi – effect of sex/castration (i = EM, SC, G)
ei – random error
Comparison of LSM values was performed using Tukey´s
test. Significance of differences was declared at P <0.05.

3

Results and discussion

3.1 Chemical composition and cholesterol
content of muscle
Chemical composition of meat from boars, castrates and
gilts is presented in the Table 2. Entire males had lower
content of crude fat and cholesterol (also gilts) than
castrates (2.52 vs. 3.14%, 0.31 vs. 0.41, P <0.05). On the
other hand, content of total water was higher in entire
males than castrates (74.40 vs 73.93%, P <0.05).

Table 2

3.2 Amino acid and fatty acid composition
of muscle and fat tissue

A comparison of fatty acid composition of pork from
entire males, castrates and gilts (Table 4) showed higher
content (P <0.05) of linolenic fatty acid in boars and gilts
compared to barrows (2.06 and 2.04 vs 1.92%). On the
other hand, castrates had higher content of vaccenic fatty
acid than gilts (4.46 vs. 4.38%, P <0.05) and eicosanoic
acid compared to entire males (0.67 vs 0.60%, P <0.05).
Completely different composition of fatty acids was
observed in fat tissue of entire males, castrates and
gilts (Table 5). Differences (P <0.05) between boars and
barrows were found in all the observed parameters except
for n6/n3 fatty acids ratio. Values of five components
were different also between males and gilts. The content
of n-3 fatty acids and linoleic fatty acid was higher in
boars than in other two groups (0.78 vs 0.71 and 0.72,
10.29 vs 9.45 and 9.56, P <0.05). Boars reached higher

Chemical composition and cholesterol content (LSM ±SEM) of pork from entire males, surgical castrates and
gilts

Item

EM

SC

G

Crude protein (%)

22.24 ±0.15

21.98 ±0.20

21.97 ±0.23

Crude fat (%)

2.52 ±0.12

b

3.14 ±0.10

2.87 ±0.23ab

Cholesterol (%)

0.31 ±0.02a

0.41 ±0.01b

0.33 ±0.03a

74.40 ±0.13a

73.93 ±0.12b

74.09 ±0.18ab

Water (%)

a

a, b – values with different letters within rows are significantly different (P <0.05), EM – entire males; SC – surgical castrates; G – gilts

Table 3 Amino acid composition of muscle (LSM ± SEM) from entire males, surgical castrates and gilts
Item

EM

SC

Arginine (%)

1.61 ±0.03

Cysteine (%)

0.37 ±0.00

Phenylalanine (%)

1.06 ±0.02

Histidine (%)

a

G
b

1.49 ±0.02

1.59 ±0.02a

0.36 ±0.00

0.37 ±0.00

b

0.98 ±0.01

1.05 ±0.01a

1.21 ±0.02a

1.11 ±0.02b

1.18 ±0.02ab

Isoleucine (%)

0.97 ±0.02a

0.89 ±0.02b

0.95 ±0.01a

Leucine (%)

2.06 ±0.04a

1.92 ±0.03b

2.04 ±0.03a

Lysine (%)

2.15 ±0.04a

2.00 ±0.03b

2.14 ±0.03a

Methionine (%)

0.75 ±0.01a

0.71 ±0.01b

0.75 ±0.01a

Threonine (%)

1.19 ±0.02a

1.12 ±0.01b

1.18 ±0.02a

Valine (%)

1.09 ±0.02a

1.02 ±0.01b

1.08 ±0.01a

a

a, b – values with different letters within rows are significantly different (P <0.05), EM – entire males; SC – surgical castrates; G – gilts
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Table 4

Fatty acid composition of muscle (LSM ±SEM) from entire males, surgical castrates and gilts

Item

EM

SC

G

Lauric C12:0

0.03 ±0.00

0.04 ±0.00

0.03 ±0.00

Myristic C14:0

1.24 ±0.00

1.25 ±0.01

1.24 ±0.01

Palmitic C16:0

24.40 ±0.04

24.35 ±0.05

24.46 ±0.04

0.32 ±0.01

0.31 ±0.01

0.32 ±0.01

Stearic C18:0

11.29 ±0.08

11.26 ±0.04

11.31 ±0.06

SUM SFA

39.54 ±0.40

38.57 ±0.34

39.37 ±0.39

Oleic C18:1 n-9

42.02 ±0.65

43.80 ±0.41

42.63 ±0.52

Eicosanoic C20:1

0.60 ±0.02

b

0.67 ±0.01

0.62 ±0.02ab

Heptadecanoic C17:0

a

Vaccenic C18:1 11c 15t

4.40 ±0.02ab

4.46 ±0.02a

4.38 ±0.03b

SUM MUFA

47.45 ±0.46

49.18±0.39

47.85 ±0.36

Arachidonoic C20:4 n-6

1.40 ±0.07

1.44 ±0.09

1.34 ±0.05

Conjugated linoleic
C18:2,9c,11t

0.13 ±0.00

0.13 ±0.00

0.13 ±0.00

Docosahexaenoic C22:6 n-3

0.04 ±0.00

0.04 ±0.00

0.04 ±0.00

Docosapentaenoic C22:5 n-3

0.14 ±0.00

0.14 ±0.00

0.14 ±0.00

Eicosapentaenoic C20:5

0.10 ±0.00

0.09 ±0.00

0.09 ±0.00

Linolenic C18:3 n-3

2.06 ±0.04a

1.92 ±0.03b

2.04 ±0.03a

Linoleic C18:2 n-6

8.36 ±0.86

8.33 ±1.04

8.60 ±0.92

12.45 ±0.43

12.24 ±0.29

12.48 ±0.22

n3 FA

2.30 ±0.01

2.13 ±0.02

2.26 ±0.01

n6 FA

9.94 ±0.45

9.90 ±0.29

10.03 ±0.30

n-6/n-3

4.35 ±2.92

4.63 ±2.17

4.45 ±2.56

PUFA/SFA

0.33 ±0.04

0.31 ±0.03

0.32 ±0.02

SUM PUFA

a,b – values with different letters within rows are significantly different (P <0.05), EM – entire males; SC – surgical castrates; G – gilts; FA – fatty acids;
SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids, Fatty acids are analysed as % of FAME – fatty
acid methyl ester

content of n-6 fatty acids, oleic, linolenic fatty acid, total
monounsaturated (MUFA) and polyunsaturated fatty
acids (PUFA) compared to castrates (10.69 vs 9.83%, 36.71
vs 34.95%, 0.65 vs 0.59%, 43.58 vs 41.35% and 12.06 vs
11.06%, P <0.05). Contrary, content of myristic, palmitic,
stearic fatty acid and total saturated fatty acids (SFA) of
entire males was lower than that of castrates (1.39 vs
1.45%, 14.88 vs 16.90%, P <0.05) or both castrates and
gilts (25.41 vs 26.83% and 26.27, 43.40 vs 46.70 and
45.53%, P <0.05).
3.3 Chemical composition and cholesterol
content of muscle
Chemical composition of pork showed differences
(P <0.05) between three groups of pigs. Whilst crude
protein content in pork was not different among groups
(P ≥0.05), other three parameters were (P <0.05). Water
content was the highest in boars meat and different from
that of castrates. Similar observations were reported

in other studies (Cai et al., 2010). On the other hand,
Jaturasitha et al. (2006) did not find any differences
between boars, barrows and gilts. Related to crude
fat, entire males had the lowest content compared to
castrates (P <0.05). This result is supported by another
findings (Jaturasitha et al., 2006; Cai et al., 2010; Van
der Broeke et al., 2016; Font i Furnols et al., 2019). It is
well-documented that castration affects the chemical
composition of meat, especially it decreases water
content and increases fat content (Latorre et al., 2004) due
to changes in the hormone profile. Cholesterol content
in our study corresponded with total crude fat content.
Again, it was higher (P <0.05) in barrow´s meat compared
to entire males and gilts. As known, elevated cholesterol
is one of the major risk factors for cardiovascular disease.
From this point of view, the consumption of boar´s meat
seems to be more beneficial compared to meat from
castrates and gilts.
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Table 5

Fatty acid composition of fat tissue (LSM ± SEM) from entire males, surgical castrates and gilts

Item

EM

SC

G

Myristic C14:0

1.39 ±0.04a

1.45 ±0.03b

1.40 ±0.07ab

Palmitic C16:0

25.41 ±1.14a

26.83 ±0.45b

26.27 ±0.83b

Stearic C18:0

14.88 ±1.44a

16.90 ±1.00b

15.98 ±1.16ab

SUM SFA

43.40 ±2.40a

46.70 ±1.28b

45.53 ±1.93b

Oleic C18:1 n-9

36.71 ±1.22a

34.95 ±0.99b

36.05 ±1.55ab

SUM MUFA

43.58 ±1.58

b

41.35 ±1.33

42.61 ±1.81ab

Linoleic C18:2 n-6

10.29 ±0.95a

9.45 ±0.43b

9.56 ±0.75b

Linolenic C18:3 n-3

0.65 ±0.08a

0.59 ±0.03b

0.60 ±0.06ab

SUM PUFA

12.06 ±1.17a

11.06 ±0.54b

11.22 ±0.94ab

n6 FA

10.69 ±1.05a

9.83 ±0.52b

9.98 ±0.88ab

n3 FA

0.78 ±0.08a

0.71 ±0.03b

0.72 ±0.05b

PUFA/SFA

0.28 ±0.04a

0.24 ±0.01b

0.25 ±0.03b

n-6/n-3

13.78 ±0.31

13.87 ±0.18

13.87 ±0.24

a

a, b – values with different letters within rows are significantly different (P <0.05), EM – entire males; SC – surgical castrates; G – gilts; FA – fatty acids;
SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids, Fatty acids are analysed as % of FAME – fatty
acid methyl ester

3.4 Amino acid and fatty acid composition
of muscle and fat tissue
The values of all the amino acids were the highest in entire
males and the lowest in castrates. Differences between
these two groups were significant (P <0.05) except for
cysteine. The values of gilts were close to those of entire
males and different (P <0.05) compared to castrates
with exception of cysteine and histidine. Cai et al. (2010)
reported completely opposite results when compared
boars and castrates. All the values except for histidine
were higher (P <0.05) in castrates than boars. Higher
contents of amino acids of boars compared to barrows in
our study can be due to different metabolism of proteins
and amino acids. This is influenced by sex hormones such
as testosterone, androstenone etc., causing anabolic
effect“ (higher deposition of amino acids in muscles) in
entire males. Zhu et al. (2007) also reported higher amino
acid content in entire males. Surgical castration removes
the effect of sex steroids, thereby altering metabolism in
favour of accumulating an increased amount of adipose
tissue in castrates. Moreover, it is obvious that amino
acid deposition is also affected by nutrition of pigs as
it is documented in several studies suggested higher
requirements and higher potential for lean meat (amino
acid) deposition for entire males than barrows (Grandhi
and Nyachoti, 2002; Purchas et al., 2009).
We observed differences (P <0.05) in fatty acid
composition of muscle and back fat among pigs. Barrows
had higher content of eicosanoic acid in meat than entire
males and of vaccenic acid than gilts. On the other hand,

boars and gilts had higher content of linolenic fatty
acid. The same results in amount of linolenic fatty acids
were observed by Grela et al. (2013). Cai et al. (2010)
also reported higher content of PUFA (linoleic, linolenic,
arachidonic and eicosapentaenoic fatty acid) in meat
of boars compared to barrows. In contrast, they found
higher content of saturated fatty acids (SFA) in barrows
than boars with exception of stearic and lauric fatty acid.
However, in our experiment were percentages of SFA in
muscle in all three groups at the same level. Some studies
suggest that high SFA and low PUFA content in meat of
castrates compared to gilts or boars was due to high
intramuscular and subcutaneous fat which was favoured
by castration (De Smet et al., 2004; Alonso et al., 2009).
These authors concluded that high PUFA contents in
gilts have been found in total lipids or triacylglycerols.
Another reason of differences in fatty acid composition
between sex of pigs may be in different activities of
enzymes acting in metabolism and accumulation of fatty
acids. Hallenstvedt et al. (2010) found that in pigs with
same backfat thickness, gilts had more MUFA and less
SFA and PUFA in meat than entire males. The reason may
be in higher delta-9-desaturase activity found in female
pigs.
Proportion of linoleic fatty acid in pig adipose tissue
decreases as fat deposition continues and represents
the index of fatness. A strong correlation was observed
between content of PUFA linoleic and SFA stearic
to firmness/hardness of fat (Wood and Enser, 2008).
High linoleic and low stearic acid indicated softer fat,
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especially in leaner carcasses (as entire males). As shown
in Table 6, content of linolenic fatty acid and total PUFA
was higher in boars compared to castrates and of linoleic
acid compared to both castrates and gilts. This agrees
with other studies (Jaturasitha et al., 2006; Razmaité et
al., 2008; Pauly et al., 2009). Saturated (except for stearic
acid) and monounsaturated fatty acids can improve the
sensory properties of meat such as tenderness, juiciness
and flavour. On the other hand, too high content of SFA
may increase the risk of heart disease by raising plasma
low-density cholesterol (Fernandez and West, 2005;
Cutrignelli et al., 2008). Content of SFA, especially myristic,
stearic and palmitic acid was significantly higher in
castrates or both castrates and gilts than in entire males.
The same results were reported by Pauly et al. (2009) and
Mackay et al. (2013). Higher content of PUFA and lower
of SFA (expressed as PUFA/SFA ratio) is beneficial from
the human health point of view. Desirable contents of
PUFA, SFA and higher PUFA/SFA ratio in entire males than
castrates or both castrates and gilts were observed in our
study. These results confirmed the findings of another
authors (Jaturasitha et al., 2006; Razmaité et al., 2008;
Pauly et al., 2009; Cai et al., 2010; Grela et al., 2013). The
investigation has proved that oleic fatty acid (C18:1) can
also reduce the risk of cardiovascular diseases (Hoffman
et al., 2007). The content of this fatty acid was higher
(P <0.05) in entire males than that of barrows. However,
other studies did not find any differences between boars
and castrates (Jaturasitha et al., 2006; Pauly et al., 2009) or
even though higher content of oleic fatty acid in castrates
and gilts than in boars (Grela et al., 2013).
A lot of studies have been investigated in order to explain
the reason of fatty acid differences in subcutaneous fat
among entire male, castrated or female pigs (Thorling and
Hansen, 1995; Smith et al., 2003; Chen et al., 2007; Mackay
et al., 2013). Wood et al. (1989) concluded that the main
reason of these differences between gilts and entire males
was backfat thickness. However, fatty acids composition
could also be affected by steroid hormones. Thorling and
Hansen (1995) found that castrated rats administrated
by female hormone oestrogen had the same fatty acid
composition as females. Some authors suggest effect
of different enzyme activities in subcutaneous adipose
tissue (stearoyl-CoA, delta-9-desaturase) on fatty acid
composition. Mackay et al. (2013) found considerable
protein expression of FAS (fatty acid synthase – one of
the key enzymes catalyzing the biosynthesis of SFA) on
SFA content in barrows compared to boars (also Roy et
al., 2005). Mechanism of action of physical castration
on FAS expression is still unknown but one possibility
may be the reduction of sex hormones after castration
which affects binding of transcription factors required for
regulation of the FAS expression.

The values of n6/n3 PUFA ratio in our study were at the
same level in all three groups. Another studies reported
lower values of n6/n3 ratio in entire males than in
castrates and gilts (Grela et al., 2013) or vice versa higher
in boars than in barrows (Razmaité et al., 2008; Cai et al.,
2010).

4

Conclusion

Entire males and gilts had higher contents of almost all
the essential amino acids than barrows. Minor differences
were found in fatty acid composition of muscle between
three groups. Content of eicosanoic fatty acid of boars
was lower than that of castrates. Contrary, boars and
gilts had higher content of linolenic fatty acid. However,
avoiding castration related in considerable changes in
fatty acid profile of fat tissue of entire males compared
to castrates (and some cases also to gilts). Less saturated
fatty acids, more monounsaturated and polyunsaturated
fatty acids, n-6 and n-3 fatty acids as well as better PUFA/
SFA ratio were found in entire males. These findings
together with less content of intramuscular fat and
cholesterol in meat from entire males seems to be more
beneficial from the human health point of view. If a ban
on the surgical castration enters into force, entire males
raising seems to be a good alternative for pork producers
instead of current production of castrates. However,
it will be possible provided that boar taint will not be
a problem for pork processing industry and consumer
acceptability of meat from entire male pigs.
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