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Abstract: Fat is one of the most important edible products derived from
slaughtered pigs and its fatty acid composition depends, among others, on the
location in the carcass. The main objective of the present study was to compare the
fatty acid composition of the five different fat tissues (taken from the lard,
subcutaneous fat from back area, intramuscular fat from M. Longissimus dorsi,
intermuscular fat from round and subcutaneous fat from belly region) in Swedish
Landrace pig breed. A significantly higher share of total polyunsaturated fatty acid
content was found in intermuscular fat (especially higher share of linoleic (18:2 n-
6) and y-linolenic (18:3 n-3) acid), compared to other fat depots (p<0.05). Total
saturated fatty acid content was highest in lard fat, mainly due to a higher share of
stearic acid (18:0). The highest share of total n-6 fatty acids was found in
intermuscular fat, while intramuscular fat had the highest n-6/n-3 ratio (which is
inconsistent with the nutritional recommendable values). Subcutaneous fat from
back and belly region had similar content of major fatty acids. The obtained data
confirm that the various pig adipose tissues are different in their fatty acid
composition.
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Introduction

The main parameters for the evaluation of pig carcasses are its weight, yield
of warm and cold carcass, conformation and the ratio of muscle and fat tissue. The
amount of muscle tissue is certainly the most important factor, but the distribution
and quantity of fat tissue plays an important role in the value of the carcass, since
excessive proportion of body fat (above the optimum) can have a very negative
economic impact. Excess removable fat (intermuscular or subcutaneous), which is
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removed after cutting and processing, represent an economic loss for producers and
processors (Harper et al., 2001). As a result, particularly of the improvement of the
genetic basis as well as progress in the field of animal nutrition, the fat tissue
content in pigs is reduced(Stanisi¢ et al., 2011; 2013), however, with a negative
impact on its physical and chemical characteristics (Allen and Foegeding, 1981).

Fat is one of the most important edible products derived from slaughtered
pigs and one of the main ingredients for the production of quality meat products
(Delgado et al., 2002; Stanisi¢ et al., 2012) and its too low content in the carcass
may have a negative economic effect. There are different fat depots in pig carcass:
visceral, subcutaneous, intermuscular (between muscles), or intramuscular (within
muscle). Intermuscular fat tissue, and smaller portion of subcutaneous fat tissue is
sold together with meat or used for the processing of the meat of various
categories. Fat tissue can be used as an ingredient for making various meat
products (sausages, canned and smoked meat products), for the manufacture of
emulsions in sausage production, or processed into edible animal fats.

The fatty acids composition of the pig body fat are influenced by factors
such as feeding (Leszczynski et al., 1992; Scheeder et al., 2000; Rentfrow et al.,
2003), breeding system (Hogberg et al., 2001; Muriel et al., 2002), gender and
castration (Wood et al., 1989), age and weight at slaughtering (Palanska et al.,
1993; Bragagnolo and Rodriguez-Amaya, 2002) and the genotype (Gandemer et
al., 1992). Additionaly, fatty acid composition of body fat depends also on the
location in the carcass (Delgado et al., 2002; Suzuki et al., 2006) and considerable
anatomical variation in fatty acid composition in the pig has been reported (Franco
et al, 2006).

The main objective of the present study was to characterize the fatty acid
composition of the five different fat tissues in Swedish Landrace pig breed, as the
most represented commercial pig breed in Serbia.

Materials and Methods

Trial was carried out on the farm, in slaughterhouse and laboratory of the
Institute for Animal Husbandry (Belgrade, Serbia) on 8 male fatteners of Swedish
Landrace breed. Pigs were fed ad libitum a standard diet for commercial slaughter
pigs. The diet was based on silage corn, sunflower and soybean meal (Table 1).
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Table 1. Composition of feed used in the final stage of fattening of pigs (from 60 to 103 kg body
weight)

Mixture ingredients (%)
Corn —silage 68.76
Livestock flour 15.00
Soybean meal 9.10
Sunflower meal 4.00
Chalk 1.40
Monocalcium phosphate 0.70
Salt 0.45
Premix 0.50
Synthetic lysine 0.09

TOTAL 100.00

All animals were slaughtered on the same day. Average pre-slaughter weight
of fatteners was 103.3 kg. Animals were denied food 12h prior to slaughtering, but
had free access to water. After slaughtering, pig carcasses were processed using
standard techniques. After hair removal and evisseration, carcasses were cut into
carcass sides and put in cooling chamber at temperature of 2-4°C for next 24 hours.
Each left carcass side was disected in to main parts, and samples were taken from
the lard, back area (subcutaneous fat), M. Longissimus dorsi (intramuscular fat),
round (intermuscular fat) and belly (subcutaneous fat). Samples of fat tissues were
vacuum-packed and frozen at -18°C until analysed.

The extraction of lipids from ground homogenate of samples was done with
a mixture of chloroform and methanol (2:1 v/v) according to Folch et al. (1957),
whereupon the solvent was removed in evaporator until dryness. Fat extract was
further used for fatty acids determination.

Fatty acid methyl esters (FAMESs) were prepared by transesterification by
using 14% BF; in methanol (Sigma Aldrich, Germany), as described by
Thurnhofer and Vetter (2005). In brief, 20 mg of extracted fat was treated with 0.5
mL of methanolic KOH (0.5M) for 5 min/80°C. After cooling, 1.0 mL of
methanolic BF; solution (14%) was added and heated for another 5 min/80°C.
Then, the reaction vials were cooled in an ice bath (for 10 min), 2.0 mL of
saturated sodium chloride solution and 2.0 mL of n-hexane were added, and the
organic phase including the FAMEs was separated and subjected to GC analysis.

The GC instrument Shimadzu 2014 (Kyoto, Japan), used for FAMEs
determination, was equipped with a split/splitless injector, fused silica cianopropyl
HP-88 column (length 60 m, i.d. 0.25 mm, film thickness 0.20 um) and flame
ionization detector (FID). The column temperature was programmed. Injector and
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detector temperature temperature was 260°C. The carrier gas was helium at a flow
rate of 1.0 ml/min and injector split ratio of 1:110. Injected volume was 1 ul. The
GC oven program started at 140°C (hold time 1 min), which then was raised at
4°C/min to 190°C, and at 3°C/min to 240°C (hold time 1 min). Chromatographic
peaks in the samples were identified by comparing relative retention times of
FAMEs peaks with peaks in a Supelco 37 Component FAMEs mix standard
(Supelco, Bellefonte, USA) and the results are expressed as % of total fatty acids.

The total proportion of saturated fatty acids (SFA) was the sum of the weight
percentages of caprylic (8:0), capric (10:0), lauric (12:0), myristic (14:0), palmitic
(16:0), margaric (17:0) and stearic (18:0) acid. The total proportion of
monounsaturated fatty acids (MUFA) was calculated by summing the weight
percentages of palmitoleic (16:1 n-7), heptadecenoic (17:1), oleic (18:1 n-9),
vaccenic (18:1 n-7) and gadoleic (20:1). Additionally, the total percentage of
polyunsaturated fatty acids (PUFA) included linoleic (18:2 n-6), y-linolenic (18:3
n-6), a-linolenic (18:3 n-3), eicosadienoic (20:2), eicosatrienoic (20:3 n-3),
arachidonic (20:4 n-6) and adrenic (22:4 n-6) acid.

An analysis of variance (ANOVA) using the One-way ANOVA procedure
of the SPSS 20.0 software (IBM SPSS Statistics, Version 20, IBM Corp, USA) was
performed for all data considered. If the effect of main factor was found significant,
Tukey-test was used to evaluate the significance of difference at p<0.05. All the
data in are expressed as means + standard deviation.

Results and Disscusion

Significant differences between samples were observed for the all measured
fatty acids (Table 2), which is in agreement with findings of Monziols et al. (2007).
In general, palmitic acid (16:0) was the most abundant SFA, with average
percentages between 28.08 (intramuscular fat — INMF) and 22.54 (intermuscular
fat — IMF), oleic acid (18:1 n-9) the most abundant MUFA (between 34.13% —
INMF and 27.99% — IMF), and linoleic acid (18:2 n-6) the most abundant PUFA
(between 27.14% — IMF and 12.17% — INMF).

INMF of Longissimus muscles showed a significantly (p<0.05) greater
content of palmitic (16:0), palmitoleic (16:1 n-7), vaccenic (18:1 n-7) and
arachidonic (20:4 n-6) acid and a lower content of caprylic (8:0), lauric (12:0),
margaric (17:0), heptadecenoic (17:1), y-linolenic (18:3 n-3), gadoleic (20:1) and
eicosadienoic (20:2) acid, compared to other fat tissues. Linolenic acid (18:3 n-3) is
the precursor fatty acid for the synthesis of eicosapentaenoic acid (EPA; 20:5 n- 3)
and docosahexaenoic acid (DHA; 22:6 n-3), which play a major role in the control
of cardiovascular diseases (Conquer and Holub, 1998). The greatest content of
linoleic acid was found in intermuscular fat (IMF), with the addition of greatest
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content of lauric (12:0), margaric (17:0), heptadecenoic (17:1) and y-linolenic (18:3
n-3) acid (p<0.05).

Fat extracted from lard had the lowest content of capric (10:0), palmitoleic
(16:1 n-7) and vaccenic (18:1 n-7) acid, but the greatest content of stearic (18:0)
acid. Subcutaneous fat from back region had the lowest content of margaric (17:0),
heptadecenoic (17:1) and arachidonic (20:4 n-6) acid, but also the greatest content
of gadoleic (20:1) and adrenic (22:4 n-6) acid (p<0.05). Subcutaneous fat from
belly had similar content of major fatty acids (16:0, 18:1 n-9, 18:2 n-6) as the fat
extracted from back region, with the exception in a significantly higher content of
stearic acid (18:0).

Results for linoleic acid (18:2 n-6) are in agreement with those of Nguyen et
al. (2003), that it is stored preferentially in adipose tissue rather than in muscle.
However, in contrast with Nguyen et al. (2003), in our study, the highest content of
linoleic acid is found in intermuscular fat, rather than in subcutaneous. In pigs,
deposition of dietary fatty acids into tissue fat is preferential to endogenous
synthesis and its largely reflects dietary fatty acid composition (Hays and Preston,
1994; Moloney, 2002). In this regard, this difference could be due to a different
guantity compositon of diets or the length of feeding.

Table 2. Fatty acid composition of the 5 fat tissue locations in Swedish Landrace pig

Fatty acid (%) INMF! IMF? Lard BSF® Belly
8:0 ND* 0.22 +£0.02° 0.07 £0.01° 0.20 £ 0.02° 0.10 +0.02°
10:0 0.91 + 0.04° 0.90 + 0.06° 0.29 + 0.02° 0.72 + 0.05° 0.56 + 0.02°
12:0 ND? 0.36 + 0.10° 0.15 + 0.01° 0.18 + 0.03° 0.24 + 0.06°
14:0 2.95+0.14% 2.15+0.10° 1.71 +0.08° 2.79+0.17%® 1.85 +0.15°
16:0 28.08+1.08 | 2254+134° | 2549 +189° | 26.65+1.11° | 24.89 +1.78™
16:1 n-7 3.73 £ 0.09° 1.62 +0.08" 1.12 +0.01° 1.59 +0.01° 1.56 + 0.01°
17:0 ND? 0.47 +0.02° 0.31+0.11° 0.22 +0.04° 0.34 + 0.05°
17:1 ND? 0.38 + 0.06° 0.21 +0.06° 0.14 +0.02¢ 0.26 +0.01°
18:0 1153 +0.91° | 1026 +0.63% | 17.69+0.73° | 12.81+0.41% | 14.20 +0.44°
18:1 n-9 3413+1.85 | 27.99+1.15° | 3040+2.01° | 33.81+2.14% | 32.41+243°
18:1 n-7 417 £0.42° 1.86 + 0.07° 1.62 +0.09° 1.87 £0.11° 1.94 +0.04°
18:2 n-6 1270+ 137 | 27.14+291° | 1757+2.44° | 1590+259° | 18.16 +2.07°
18:3 n-6 ND? ND? 0.30 + 0.06° 0.22 +0.05° 0.31 £0.03°
18:3n-3 0.60 + 0.31% 2.02+0.42° 1.23 +0.25° 1.05 £ 0.33° 1.23 £0.18°
20:1 0.28 £ 0.23° 0.51+0.17° 0.64 +0.16™ 0.86 +0.14° 0.70 £ 0.07°
20: 2 0.37 £0.08? 1.04 + 0.06" 0.86 + 0.02° 0.90 +0.07° 0.86 + 0.06°
20:3 n-3 ND? 0.26 +0.01° 0.19 +0.01° ND? 0.18 £ 0.02°
20:4 n-6 0.56 + 0.04° 0.28 +0.02° 0.17 +0.01° ND¢ 0.20 £ 0.02°
22:4 n-6 ND? ND? ND? 0.08 £ 0.01° ND?

T INMF - Intramuscular fat; > IMF — Intermuscular fat; 3 BSF — Back-subcutaneous fat; * ND — not

detected

*iDifferent letters within the same row denote significant differences between means at p<0.05
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Nutritionists recommend a reduction in total fat intake, particularly of SFA
and trans fatty acids, which are associated with an increased risk of cardio-vascular
diseases and some cancers (Burlingame et al., 2009). Besides reducing fat intake,
nutritionists urge consumers to increase their intake of PUFA, particularly the n-3
PUFA, at the expense of n-6 PUFA (Simopoulos, 2004; Harris et al., 2009).

Statistical analysis of the results showed that the total saturated,
monounsaturated and polyunsaturated fatty acid content was significantly different
(p<0.05) in the five fat deposits (Figure 1). The lard fat showed the highest amount
of SFA (45.69%) followed by the INMF and subcutaneous back and belly fat,
while IMF had the lowest SFA content (36.90%). The higher melting point of the
saturated fatty acids and the similar content of total SFA in INMF and
subcutaneous fat could lead to the conclusion that the intramuscular fat have firm
consistency. However, the consistency of the fat is determined not only by the
degree of unsaturation and melting point of the fatty acids, but also by the amount
and degree of maturation of the surrounding conjunctive tissue (LOpez-Bote and
Rey, 2001). In this term, the most consistent fat is the subcutaneous fat, which is
related to the greater amount and degree of maturation of the conjunctive tissue at
this position on the carcass. The total MUFA showed a significantly higher
percentage in the INMF (42.31%) than in other fat depots (p<0.05). The percentage
of total PUFA was the highest in IMF (30.74%) and the lowest in INMF (14.22%).

Regarding nutritional recommendations for humans (<5), pork in general has
too high ratio of n-6 and n-3 polyunsaturated fatty acids, primarily due to the high
content of linoleic acid (18:2 n-6), which is found in high concentrations in corn
(Wood et al., 2003). The n-6/n-3 index was the highest in INMF (22.13), despite
the lowest share of total n-6 fatty acids (13.25%), it had the lowest share of total n-
3 fatty acids (0.60%), compared to other fat tissues (Figure 1). The highest share of
total n-6 fatty acids was found in IMF (27.42%), but this is not reflected in the n-
6/n-3 ratio.
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Figure 1. Total SFA, MUFA, PUFA, n-6 and n-3 fatty acid content and n-6/n-3 ratio of the 5 fat
tissue locations in Swedish Landrace pig

Conclusion

The present data confirm that the various pig adipose tissues are different in
their fatty acid composition. A higher percentage of PUFA, which are purportedly
less harmful to human health, were measured in intermuscular fat, whereas this fat
had significantly lower share of SFA compared to other fat tissues. The highest
share of total n-6 fatty acids was found in INMF, but the highest n-6/n-3 ratio was
found in IMF. Lard had the highest share of SFA, especially stearic acid.
Subcutaneous fat from back and belly region had similar content of major fatty
acids.

Poredenje sastava masnih Kiselina u pet razli¢itih masnih
tkiva svinja rase Svedski Landras

T. Solevi¢ Knudsen, N. Stanisic¢
Rezime

Glavni cilj ovog istrazivanja bio je da se uporedi sastav masnih kiselina
masti u pet razli¢itih masnih tkiva (uzetih iz sala, potkoznog masnog tkiva leda,
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intramuskularne masti iz M. Longissimus dorsi, intermuskularne masti iz buta i
potkoZnog masnog tkiva potrbusine) svinja rase Svedski landras.

Znacajno ve¢i udeo ukupnih polinezasi¢enih masnih kiselina naden je u
intermuskularnoj masti (naro¢ito ve¢i udeo linolne (18:2 n-6) i y-linoleinske
kiseline (18:3 n-3)), u poredjenju sa drugim depoima masti (p<0.05). SadrZaj
ukupnih masnih Kiselina bio je najvisi u salu, uglavnom zbog veceg udela
stearinske kiseline (18:0). Najvec¢i udeo ukupnih n-6 masnih kiselina naden je u
intermuskularnoj masti, dok je intramuskularna mast imala najvisi n-6/n-3 odnos
(8to je u suprotnosti sa preporuc¢enim prehrambenim vrednostima). PotkoZna mast
iz regiona leda i potrbuSine imala je sliCan sadrzaj glavnih masnih kiselina.
Dobijeni rezultati potvrduju da se razli¢ita adipozna tkiva svinja razlikuju po
sastavu masnih kiselina.
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