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In the past decade a number of consumer driv-
en changes have transformed industry approaches 
to pork production such as the desire for healthier 
and more nutritious pork products (Mason et al., 
2005). Meat quality and its nutritional value de-
pend on meat components ratio (Culioli et. al., 
2003; Jukna et. al., 2006).

Meat quality is assessed according to individ-
ual quality traits such as pH, color or intramuscu-
lar fat content. Meat color is an important qual-
ity attribute for the consumer (Alonso V. et al., 
1994; Jukna et. al., 2010). Also, intramuscular fat 
in pork has been reported to positively influence 
juiciness, tenderness and flavor (Wood, 1993). 
Fat and fatty acids are important because of their 
effects on human health. In developed countries, 
fatty acid composition and the total amount of 
saturated fatty acids (SFA) have been identified 
as dietary risk factors (Pascual et al., 2007). It is 
important to select production options which max-
imize both meat quality and healthiness in meat 
production (Kouba et al., 2003). Fatty acid (FA) 
composition is a major factor in the nutritional 
value of meat, with a high polyunsaturated fatty 
acid (PUFA) to saturated fatty acid (SFA) ratio of 
0.4 or above considered suitable for human con-
sumption (Department of Health, 1994). 

Pigs have high levels of polyunsaturated fatty 
acids (PUFA), including the long chain (C20-22) 
PUFA (Wood J.D et al, 2008). The total fatty acid 
content of muscle (i.e. neutral lipid plus phospho-
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lipids fatty acids), termed marbling fat, has long 
been recognized as a factor in eating (Wood J.D., 
1990). Fatty acids are involved in various ‘‘tech-
nological’ aspects of meat quality. Because they 
have very different melting points, variation in 
fatty acid composition has an important effect on 
firmness or softness of the fat in meat. The abil-
ity of unsaturated fatty acids, especially those with 
more than two double bonds, to rapidly oxidize, is 
important in regulating the shelf life of meat (ran-
cidity and color deterioration) (Wood J.D. et al., 
2003). Several factors can modify the composi-
tion of fat deposits, among them species, breed, 
anatomical location, sex and diet (Lawrie, 2006; 
Nedeva et al., 2009).

The aim of this research was to investigate 
whether meat quality and intramuscular fatty acid 
composition are affected by breed in pigs.

Material and methods

Animals and muscle samples 
The research of chemical characteristics of 

pork meat was carried out at the Laboratory of 
Meat Characteristics and Quality Assessment of 
the Lithuanian University of Health Sciences, Vet-
erinary Academy. The samples of pork for analysis 
were taken from fifty Yorkshire (Y), Pietrain (P) 
Lithuanian White (LW), Lithuanian Large White 
(LLW) and Landrace (L) pig carcasses. Ten ani-
mals were chosen from each breed. Pigs were held 



26 СЕЛСКОСТОПАНСКА АКАДЕМИЯ●ЖИВОТНОВЪДНИ НАУКИ, XLX, 1/2013

at the control Feeding Station of Pigs in Lithuania 
under standard feeding and keeping conditions. 
Pigs were slaughtered at the weight from 95 to 
100 kg in the station. Slaughter and post-slaugh-
ter processing was carried out in accordance with 
the EU regulations binding in the meat industry. 
Samples were taken from dorsal loin muscle m. 
longissimus dorsi. All the studies were performed 
48 hours after slaughter.

 Meat quality measurements
Common accepted methods were used for 

experiment. pH values were measured  with pH-
meter Inolab 3 with a contact electrode SenTix 
Sp according to ISO standard ISO 2917:1999, 
color intensity  with Minolta ChromaMeter 410, 
measuring values of L* for lightness, a* – for red-
ness and b* – for yellowness. Protein was deter-
minate according to Kjeldal method (LST ISO 
937:2000). Cooking loss values were determinate 
by Schilling method (1966). Fat content analysis 
was performed by Soxhlet method (AOAC Inter-
national, 2007), dry matter - according LST ISO 
1442:2000. 

    
 Fatty acids analysis 
Fatty acid content of the samples was deter-

mined by gas chromatography using a flame ion-
ization detector. Samples were prepared accord-
ing LST EN ISO 12966-2:2011 and analyzed 
according LST EN ISO 15304:2003/AC: 2005 
methodology. The methyl esters from fatty acids 
(FAMES) were formed using a KOH solution in 
methanol. The FAMES were analysed in a gas 
chromatograph Shimadzu GC - 17A, with a capil-
lary column BPX – 70, 120 m, using nitrogen as 
the carrier gas. Fatty acid composition was quanti-
fied using “Supelco 37 Component FAME Mix” 
as the internal standard. 

ISO 2917:1999 Meat and meat products mea-
surement of pH. (Reference method.)

LST ISO 937:2000 Meat and meat products. 
Determination of nitrogen content (Reference 
method)

LST ISO 1442:2000 Meat and meat products. 
Determination of moisture content.  (Reference 
method)

LST EN ISO 12966-2:2011   Animal and veg-
etable fats and oils - Gas chromatography of fatty 
acid methyl esters - Part 2: Preparation of methyl 
esters of fatty acids (ISO 12966-2:2011)

LST EN ISO 15304:2003/AC:2005    Animal 
and vegetable fats and oils - Determination of the 
content of trans fatty acid isomers of vegetable 
fats and oils - Gas chromatographic method (ISO 
15304:2002/Cor.1:2003)

 Statistical analysis
 The R statistical package version 2.0.1. (Gentle-

men, Ihaka, 1997) was used to estimate data. Dif-
ferences were considered significant if P≤ 0.05.

Results and DISCUSSION

Meat quality 
The characteristics of longissimus dorsi muscle 

from all pigs are shown in Table 1. The differenc-
es in pH values among the breeds were not sta-
tistically significant, although LW had the highest 
value. Those results agree with Ačaitė S. (2005) 
who found that pH of LW had the highest value 
between LW, LLW, J and L breeds. The lightness 
of Yorkshire pigs was higher than other breeds. 
The redness was higher in LW pigs and the yel-
lowness of Landrace pigs was higher than that in 
other breeds. Intramuscular fat content values in 
m. longissimus dorsi from different breed varied 
from 1.78 to 2.97% (Table 1).

Pietrain pigs had the highest value of fat; it 
was 1.19% more than in Yorkshire pigs. The meat 
drip loss is important technological indicator that 
specifies meat suitability for making of special 
products and influence of commodity pork quality 
(Jukna et al., 2007). Differences in meat drip loss 
in Yorkshire and Lithuanian Large White breeds 
were the biggest (2.92%) (P < 0.01). The Warner–
Bratzler shear force was significantly (p < 0.001) 
influenced by genotype; LW pigs had the highest 
value of shear force and Y pigs had the lowest.

Intramuscular fatty acid composition
Differences between breeds were significant (P 

< 0.01) (Table 2) when comparing concentrations 
of most individual fatty acids in the intramuscular 
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Table 1. Chemical composition and physical characteristics of longissimus dorsi from different 
Lithuanian pig breeds

Indexes/Breed LW LLW L Y P
Dry matter, % 26.40±1.24 26.74±1.10 26.38±0.82 26.26±0.89 26.76±1.06
pH 5.54±0.07 5.45±0.07 5.43±0.04 5.51±0.04 5.50±0.02
Lightness L* 55.98±3.50 61.25±3.51 58.11±1.03 61.60±3.25 58.24±2.92
Redness a* 15.43±1.94 13.08±1.93 15.07±0.93 14,49±1,05 15.16±0.94
Yellowness b* 8.47±1.07 8.67±2.34 6.92±1.01 8.31±1.68 8.43±1.93
Drip loss, % 4.69±1.78 3.91±1.36 6.33±3.99 4.30±1.66 6.83±3.84
Cooking loss, % 26.09±2.77 27.01±1.36 28.01±1.48 26.44±0.64 25.63±2.05
Shear force, g/cm2 2.32±0.74 1.80±0.52 1.87±0.59 1.81±0.63 2.09±0.45
Fat, % 1.88±0.49 1.88±0.31 2.02±0.91 1.78±0.54 2.97±0.98
Ash, % 1.15±0.06 1.01±0.08 1.12±0.08 1.01±0.04 1.03±0.10
Protein, % 23.37±0.97 23.85±1.00 23.23±1.60 23.48±0.97 22.73±1.05

Lithuanian White (LW), Lithuanian Large White (LLW), Landrace (L), Yorkshire (Y), Pietrain  (P)

Table 2. Saturated fatty acid composition of intramuscular fat of different breeds pig’s meat

Fatty acids 
Breed

LW LLW L Y P
C10:0 0.00±0.00 0.00±0.00 0.00±0.00 0.11±0.02 0.10±0.01
C12:0 0.43±0.19 0.23±0.06 0.37±0.15 0.12±0.01 0.10±0.05
C13:0 0.21±0.05 0.21±0.02 0.21±0.11 0.00±0.00 0.00±0.00
C14:0 2.80±0.25 2.56±0.31 2.90±0.52 1.32±0.75 1.20±0.12
C15:0 0.60±0.17 0.90±0.25 1.01±0.32 0.00±0.00 1.00±0.23
C16:0 28.27±1.48 28.61±0.47 30.26±0.79 26.28±1.77 24.56±0.74
C17:0 1.23±0.27 1.10±0.08 0.93±0.21 0.23±0.07 0.34±0.06
C18:0 17.93±1.02 39.56±1.88 30.45±3.12 11.92±3.11 11.05±0.27
C20:0 0.53±0.13 0.85±0.40 0.88±0.24 0.10±0.06 0.10±0.04
C21:0 0.00±0.00 0.00±0.00 0.00±0.00 0.20±0.01 0.30±0.02
C22:0 0.14±0.03 0.00±0.00 0.00±0.00 0.21±0.02 0.20±0.07

Lithuanian White (LW), Lithuanian Large White (LLW), Landrace (L), Yorkshire (Y), Pietrain  (P).

fat. The predominant saturated fatty acids (SFA) 
in meat were stearic acid (C18:0) and palmitic 
acid (C16:0). The proportion of palmitic acid was 
significantly (P < 0.01) lower in Yorkshire and 
Pietrain than in LW and Landrace.  There were 
significant (P < 0.05) differences in the concen-

tration of C14:0  Landrace and Pietrain breeds 
(1.75%).

The predominant monounsaturated fatty acid 
(MUFA) in meat was oleic acid (C18:1) (Table 
3). Proportion of oleic acid was significantly (P 
<0.01) more in Yorkshire than in LLW; it was 
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Table 3. Monounsaturated fatty acid composition of intramuscular fat of different breeds 
pig’s meat

Fatty acids
Breed

LW LLW L Y P
C 14:1 0.80±0.15 0.43±0,.2 0.34±0.12 0.00±0.00 0.20±0.12
C 15:1 0.30±0.10 1.23±0.10 0.90±0.13 0.67±0.02 0.56±0.11
C 16:1 0.71±0.22 3.40±0.48 4.62±0.51 3.67±0.29 3.21±0.53
C 17:1 0.62±0.05 0.38±0.25 0.20±0.11 0.31±0.08 0.30±0.04
C 18:1 37.35±4.01 15.98±3.32 21.87±1.32 48.70±1.98 50.48±2.16
C 22:1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
C 24:1 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.01±0.00

Lithuanian White (LW), Lithuanian Large White (LLW), Landrace (L), Yorkshire (Y), Pietrain  (P).

Table 4. Polyunsaturated fatty acid composition of intramuscular fat of different breeds 
pig’s meat

Fatty acids
Breed

LW LLW L Y P
C 18:2 1.17±0.26 6.01±0.22 2.10±0.71 6.00±0.43 6.91±1.09
C 18:3γ 0.21±0.08 0.64±0.06 0.10±0.04 0.32±0.03 0.21±0.01
C 18:3α 0.20±0.03 0,.7±0.12 0.32±0.15 0.90±0.25 1.10±0.07
C 20:2 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
C 20:3 n3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
C 20:4 n6 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
C 20:5 n3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
C 22:2 0.02±0.01 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00
C 22:6n3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

Lithuanian White (LW), Lithuanian Large White (LLW), Landrace (L), Yorkshire (Y), Pietrain  (P).

more in 34.5%, also C14:1 wasn’t found only in 
Yorkshire breed pigs.

Proportions of polyunsaturated fatty acid (PUFA), 
such as linoleic acid (C18:2) was significantly higher 
(P < 0.001) in the intramuscular fat of Pietrain com-
pared with LW or Landrace (Table 4). Again, pro-
portions of n_3 PUFA, such as α-linolenic (C18:3a) 
acid was higher in Pietrain and Yorkshire than in 
the other breeds (P < 0.05), those results agree with 
St.Raj et al. (2010) who found that Pietrain pigs 
had a higher (P<0.001) concentration of PUFA than 

the other breeds. Among PUFA, the concentrations 
of C18:2n−6 and C18:3n−3 acids were higher.

Monin et al. (2003) found that total lipids of 
Large White contained more saturated fatty acids, 
particularly C18:0 and less polyunsaturated fatty ac-
ids, particularly C18:2 and C18:3 than Pietrain. In 
our study we got the same results Large White con-
tained more saturated fatty acids, particularly C18:0 
and less C18:2, C18:3α than Pietrain, but however 
C18:3γ was very similar between Lithuanian Large 
White and Pietrain breeds.
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Table 5. Trans –fatty acid composition of intramuscular fat of different breeds pig’s meat

Fatty acids
Breed

LW LLW L Y P
C 18:1 trans 1.92±0.21 2.76±0.52 2.33±0.37 1.00±0.11 2.50±0.48
C 18:2 trans 0.32±0.01 0.22±0.06 0.11±0.08 0.06±0.02 0.35±0.13

Lithuanian White (LW), Lithuanian Large White (LLW), Landrace (L), Yorkshire (Y), Pietrain  (P)

Table 6. Omega – 3 fatty acid composition of intramuscular fat of different breeds pig’s meat

Fatty acids
Breed

LW LLW L Y P
C 18:3 ω3 (α-Linolenic) 0.20±0.03 0.27±0.12 0.32±0.15 0.90±0.25 1.10±0.07
C 20:3 ω3 0.10±0.03 0.12±0.02 0.16±0.04 0.09±0.01 0.15±0.03
C 22:6 ω3 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

Lithuanian White (LW), Lithuanian Large White (LLW), Landrace (L), Yorkshire (Y), Pietrain  (P)

The highest content of trans fatty acid isomer 
C18:1 were observed in LLW, its  about 1.76% 
more than in Yorkshire pigs (P < 0.01) also the 
lowest content of C 18:2 isomer were in York-
shire pigs meat.

The LLW pigs produced lipids with a higher 
content of C14:0, C16:0 and C18:0 and showed, 
consequently, a higher level of total saturated 
fatty acids (P < 0.001). The total content of 
PUFA was also significantly (P < 0.01) higher 
for LLW, but the highest content was in Pietrain 
pigs (P < 0.01). The total content of MUFA and 
PUFA was significantly higher for Pietrain pigs 
(P < 0.001), than in the other breeds.

The fatty acid ratios PUFA/SFA, which are re-
lated to human health, ratio decreased in the fol-
lowing order: Pietrain (0.26), Yorkshire (0.18), 
Large White (0.11), Lithuanian White (0.05) and 
Landrace (0.04). The PUFA/SFA ratio remained 
near 0.4 which is the limit recommended by UK 
Department of Health (1994).

Omega–3 fatty acids content are shown in Ta-
ble 6. Proportions of omega – 3 fatty acid, such 
as C 18:3 ω3 (α-Linolenic) was significantly 
higher (P < 0.01) in the intramuscular fat of Pi-
etrain pigs compared with LW (different was 0.9 

%), C 20:3ω3 or was higher in Landrace pigs (P 
< 0.05). The total content of omega-3 fatty acids 
was the highest in Pietrain pigs.

Conclusions

In this study largest differences in meat qual-
ity parameters were in drip loss, shear force and 
fat content. The lowest drip loss (3.91%) was in 
LLW pigs, and the lowest shear force (1.80 kg/ 

cm2) was in LLW pigs. The bigest fat content 
(2.97%) was in Pietrain pigs.

The predominant fatty acids in meat were 
stearic acid (C18:0), palmitic acid (C16:0), oleic 
acid (C18:1), linoleic acid (C18:2). The LLW 
pigs produced lipids with a higher content of 
C14:0, C16:0 and C18:0 and showed, conse-
quently, a higher level of total saturated fatty ac-
ids. The total content of MUFA and PUFA was 
significantly higher for Pietrain pigs (p < 0.001), 
than in the other breeds. The fatty acid ratios 
PUFA/SFA, the best was in Pietrain pigs (0.26). 

We conclude that the differences among 
breeds are important in relation with fatty acid 
composition.
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Summary

The aim of this research was to investigate whether meat quality and intramuscular fatty acid com-
position are affected by breed in pigs. The samples of pork for analysis were taken from Yorkshire (Y), 
Pietrain (P) Lithuanian White (LW), Lithuanian Large White (LLW) and Landrace (L). Pork samples 
were removed from m. Longissimus dorsi. In this study largest differences in meat quality parameters 
were in drip loss, shear force and fat content. The lowest drip loss (3.91%) and the lowest shear force 
(1.80 kg/ cm2) were in LLW pig’s meat. The biggest fat content (2.97%) was in Pietrain pigs. Predomi-
nant fatty acids in meat were stearic acid (C18:0), palmitic acid (C16:0), oleic acid (C18:1), linoleic acid 
(C18:2). The LLW pigs produced lipids with a higher content of C14:0, C16:0 and C18:0 and showed, 
consequently, a higher level of total saturated fatty acids. Proportion of oleic acid (C18:1) was more in 
Yorkshire and Pietrain than in LLW. Proportions of polyunsaturated fatty acid (PUFA), such as linoleic 
acid (C18:2) was significantly higher (p < 0.001) in the intramuscular fat of Pietrain pigs compared with 
LW. The total content of MUFA and PUFA was significantly higher for Pietrain pigs (p < 0.001), than 
in the other breeds. The fatty acids ratios PUFA/SFA, the best was in Pietrain pigs (0.26). The results 
demonstrate differences in fatty acid compositions among breeds.

Key words: breed; fatty acids; meat quality; pigs.

Corresponding author: meskinyte@lva.lt


