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ABBREVIATIONS 

 

AA Arachidonic acid 

ALA α-linolenic acid 

CLA Conjugated linoleic acid 

CE Chain elongation 

CP Crude protein 

CS Chain shortening 

DHA Docosahexaenoic acid 

DPA Docosapentaenoic acid 

DFD Dark, firm, dry meat 

EPA Eicosapentaenoic acid 

FAME Fatty acid methyl ester 

GLA γ-linolenic acid 

HCN Hydrocyanic acid 

LA Linolenic acid 

LD Longissimus dorsi muscle 

MUFA Monounsaturated fatty acid 

NL Neutral lipid 

n-3  n-3 fatty acid 

n-6 n-6 fatty acid 

PL Phospholipid 

PSE Pale, soft, exudative meat 

PUFA Polyunsaturated fatty acid 

S.D. Standard deviation 

SE Standard error 

SFA Saturated fatty acid 
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SUMMARY 

It is recommended to increase the intake of n-3 polyunsaturated fatty acids (n-3 PUFA) in 

human nutrition. Meat and adipose tissue of pigs can be fortified with n-3 PUFA by feeding a 

diet containing linseed, which is a rich source of α-linolenic acid (ALA). On the other hand, 

n-3 fortified pork may show a lower fat firmness and will be more vulnerable to oxidation. 

Both may affect the sensory acceptance of the meat and especially processed products like 

air-dried bacon and ham. In contrast, conjugated linoleic acid (CLA) in the diet of growing 

pigs has a desirable effect on fat quality in terms of higher backfat firmness and a higher 

oxidative stability of lard. This effect of CLA is beneficial for technological processing of 

meat products and makes CLA supplementation to pigs of potential value. 

The objectives of this thesis were in the first part to determine the quality of pork, fat and a 

composition of muscle membrane lipids as well as consumer acceptablility of processed meat 

products moderately fortified with n-3 fatty acids. 

In the second part, the objective was to investigate the optimal duration of CLA 

supplementation to pigs in order to achieve enhanced fat quality. 

In the first study we investigated growth performance and carcass characteristics of growing 

finishing pigs fed a diet containing extruded linseed rich in ALA as well as the effect of this 

diet on the accumulation of long chain (LC) n-3 PUFA in m. longissimus dorsi (LD) 

membrane lipids and brain. In the second part of this experiment, the objective was to 

investigate meat and fat quality as well as composition and sensory acceptance of cured air-

dried bacon and ham processed from pork of linseed fed animals.  

Forty Large White pigs were allocated to two feeding treatments, linseed and control, and 

fattened from 30 to 106 kg live weight. The feed of the linseed group contained 5 % 

Tradilin®, a feed component consisting of 50 % extruded linseed with a high content of ALA, 

10 % lupine and 40 % clover seeds. The fat content of the control diet was adjusted to the fat 

content of the linseed diet by adding 1.4 % lard. Both diets were supplemented with 60 g 

vitamin E per kg feed. Samples of backfat, LD and brain were collected. Additionally, belly 

and ham of the one side of 4 animals per treatment were taken and cured air-dried bacon and 

ham were produced. Bacon and ham were subjected to a sensory pairwise comparison in 

hedonic consumer tests with 602 and 363 participants, respectively. 

The pigs fed the control diet had a higher daily weight gain and a slightly better feed 

conversion ratio. The supplementation of extruded linseed in the diet of pigs caused slight 
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reduction of adipose tissue proportion and higher proportion of prime cuts. Dietary ALA 

resulted in higher amounts of α-linolenic acid (18:3n-3), eicosapentaenoic acid (20:5n-3, 

EPA) and docosapentaenoic acid (22:5n-3, DPA) in muscle membrane lipids, backfat and 

meat products, but the content of docosahexaenoic acid (22:6n-3, DHA) did not differ 

between treatments. On the other hand, we found a significant reduction of arachidonic acid 

(20:4n-6, AA) and other LC n-6 fatty acids and overall lower n-6/n-3 fatty acid ratio. Despite 

of significantly higher content of EPA and DPA in the brains of linseed fed pigs, the level of 

DHA did not differ between control and linseed animals. As expected, the linseed diet caused 

a lower oxidative stability of lard and a lower fat firmness, but no consistent evidence on 

sensory aberration in processed and air-dried meat products was observed. 

The objective of the second feeding experiment was to determine growth performance and 

body composition in finishing pigs fed CLA and to investigate the minimal feeding duration 

to sufficiently improve fat firmness and oxidative stability. A total of 40 Large White pigs 

from 10 litters (2 females and 2 castrated males per litter) were allocated to five experimental 

groups, balanced according to gender, litter and weight in order to avoid any confounding 

between dietary treatment and genetic origin. The control group received the control diet 

only; the four other experimental groups received a diet containing 0.5 % CLA-oil from 45, 

60, 75 or 90 kg body mass on, respectively. In the control diet, CLA was replaced by palm 

oil. Growth performance, feed conversion efficiency and lean percentage of carcasses were 

not affected by duration of CLA feeding. The proportion of SFA increased on the expense of 

proportion of MUFA with increased exposure to CLA in backfat. The trans-10, cis-12 CLA 

isomer was incorporated to a considerably lower degree than the cis-9, trans-11 CLA isomer, 

despite equal amounts in the diet. Lard firmness increased with duration of CLA feeding, but 

only lard from animals that received CLA from 45 and 60 kg were significantly firmer than 

control. Feeding CLA from 75 kg only resulted in a trend to higher firmness, whilst CLA 

feeding from 90 kg did not show any effect on lard firmness. The oxidative stability of lard 

decreased linearly with duration of feeding CLA. 
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ZUSAMMENFASSUNG 

In aktuellen Ernährungsrichtlinien wird eine höhere Aufnahme von langkettigen n-3 

Fettsäuren empfohlen. Der Anteil an n-3 Fettsäuren in Schweinefleisch und Schweinefett 

kann durch Einsatz von extrudierten Leinsamen in der Fütterung erhöht werden. Der höhere 

Anteil an n-3 Fettsäuren kann aber die Verarbeitungsqualität von Schweinefleisch und 

Schweinefett durch eine Verminderung von Konsistenz und Oxidationsstabilität 

beeinträchtigen. Das könnte sich auf die sensorische Akzeptanz von Fleisch und daraus 

hergestellte Fleischprodukte, insbesondere in luftgetrockneten Fleischwaren wie Schinken 

und Rohess-Speck unvorteilhaft auswirken. Demgegenüber können mit dem Futter 

verabreichte konjugierte Linolsäuren (CLA) die Festigkeit des Schweinefettes deutlich 

erhöhen. Dabei wird der Anteil an einfach ungesättigten Fettsäuren (MUFA) zu Gunsten des 

Anteils an gesättigten Fettsäuren (SFA) vermindert. Dies ist im Hinblick auf 

fleischtechnologische Qualitätsmerkmale von Schweinefett wünschenswert und das macht 

CLA zu einem interessanten Zusatzstoff für Mastschweinefutter.  

Das Ziel im ersten Teil dieser Arbeit war es, zu untersuchen, in welchem Ausmass sich die 

Fettzusammensetzung, die Qualität und die Akzeptanz durch n-3 Fettsäuren Supple-

mentierung von Schweinefleisch und Fleischprodukten verändert.  

Im zweiten Teil der Arbeit wurde die optimale Dauer von CLA Supplementation in der 

Schweinefütterung ermittelt, um die höhere Fettfestigkeit zu erreichen. 

Im ersten Fütterungsversuch wurden die Mastleistung und die Merkmale der Schlachtkörper-

zusammensetzung sowie die Fleischqualität der mit extrudierten Leinsamen gefütterten 

Mastschweine geprüft. Weiter wurden die Festigkeit und Fettsäurenzusammensetzung des 

Rückenspeckes, das Fettsäurenmuster des Fleisches und der Fleischprodukte, sowie deren 

sensorische Akzeptanz bestimmt.  

Dafür wurden 40 Tiere der Rasse Edelschwein auf zwei Fütterungsvarianten, Versuch und 

Kontrolle, verteilt und von 30 bis 106 kg gemästet. Das Futter der Versuchsgruppe enthielt 5 

% Tradilin®, ein Leinsamenextrudat zusammengesetzt aus 50 % extrudierten Leinsamen mit 

hohem Gehalt an α-Linolensäure (ALA), 10 % Lupinen und 40 % Kleesamen. Der Fettgehalt 

des Kontrollfutters wurde entsprechend mit 1.4 % Schweinefett korrigiert. Beide Futter 

enthielten den Zusatz von 60 mg Vitamin E pro kg Futter. Im Schlachthof wurden von allen 

Tieren Proben von Rückenspeck, m. longissimus dorsi (LD) und Gehirn entnommen. 

Zusätzlich wurde von vier Tieren pro Fütterungsvariante Proben vom Bauch und Schinken 
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zur Herstellung von luftgetrocknetem Rohess-Speck bzw. Bündner Rohschinken. An der 

sensorischen Bewertung des Rohess-Speckes nahmen 602 Personen teil und beim Bündner 

Schinken waren es 363.  

Die Masttageszunahme der Kontrolltiere war höher und die Futterverwertung etwas besser als 

bei den Versuchstieren. Die Versuchstiere hatten weniger Fett angesetzt und dementsprechend 

höhere Fleischanteile als die Kontrolltiere. Der Anteil an den n-3 Fettsäuren, vor allem α-

Linolensäure (18:3n-3, ALA) und Eicosapentaensäure (20:5n-3, EPA) in den Phospholipiden 

des Fleisches, im Rückenspeck sowie in den Fleischprodukten war deutlich angehoben. Anteil 

und Gehalt an Docosahexaensäure (22:6n-3, DHA) waren nicht angestiegen. Dafür war der 

Gehalt an Arachidonsäure (20:4n-6, AA) sowie das n-6/n-3 Verhältnis verringert. Auch wenn 

die Anteile an Eicosapentaensäure und Docosapentaensäure im Gehirn bei den Versuchstieren 

höher waren als bei den Kontrolltieren, war der Anteil an Docosahexaensäure nicht erhöht. 

Der höhere Anteil an PUFA wirkte sich in einer deutlich geringeren Oxidationsstabilität und 

niedrigeren Festigkeit des Schmalzes der Versuchstiere aus. Im Konsumententest zeigte die 

Fütterung des Leinsamenextrudats aber keine konsistente Auswirkung auf die sensorische 

Akzeptanz der Fleischprodukte. 

Das Ziel des zweiten Fütterungsversuches war die Wirkung der Verabreichungsdauer von 

konjugierten Linolsäuren (CLA) auf die Schlachtkörperzusammensetzung und Fettqualität 

von Mastschweinen zu untersuchen. Zu diesem Zweck wurden 40 Ferkel der Rasse 

Edelschwein aus 10 Würfen (je 2 weibliche Tiere und 2 Kastraten) balanciert nach Herkunft 

und Geschlecht auf fünf Fütterungsvarianten verteilt und von einem Lebendgewicht von 45, 

60, 75 oder 90 kg an mit einem Ausmastfutter, das 0.5 % CLA-Öl enthielt, gefüttert. Die 

Tiere der Kontrollgruppe erhielten das Futter, dem anstelle des CLA-Öls die gleiche Menge 

Palmöl beigefügt wurde. 

Das Wachstum, die Futterverwertung und der Fettansatz der Tiere wurde durch die CLA-

Supplementierung nicht beeinflust. Demgegenüber zeigte sich eine hoch signifikante und von 

der Verabreichungsdauer linear abhängige Wirkung auf die Fettsäurenzusammensetzung des 

Fettgewebes. Der Anteil an SFA wurde durch CLA mit zunehmender Verabreichungsdauer 

signifikant erhöht. Gleichzeitig war der Anteil an MUFA signifikant verringert. Das trans-10, 

cis-12 CLA Isomer wurde deutlich weniger effizient in den Rückenspeck eingelagert als das 

cis-9, trans-11 CLA Isomer. Gegenüber der Kontrolle war die Fettfestigkeit bei Tieren, die ab 

45 kg und 60 kg Lebendgewicht mit CLA gefüttert worden waren, signifikant höher. Die 

Oxidationsstabilität des Fettes nahm mit zunehmender CLA Verabreichungsdauer linear ab. 
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GENERAL INTRODUCTION 

Fatty acids in animal nutrition 

A fatty acid consists of a chain of C atoms with a methyl end (CH3) group at one end and a 

carboxyl (COOH) group at the other. The chain length varies according to the particular fatty 

acid. In the shorthand notation, the chain length is given followed by a colon and the total 

number of double bonds in the molecule. The position of the last double bond is denoted with 

n minus (n- ) the number of C atoms between the double bond and methyl group (Table 1). 

The fatty acids deposited in animal lipids originate from dietary fatty acids and de novo-

synthesised fatty acids. The animal organism can synthesise de novo only saturated fatty acids 

(SFA), which then can be desaturated to monounsaturated fatty acids (MUFA). The 

polyunsaturated fatty acids (PUFA) in pig organism originate only from the diet.  

Table 1 The fatty acids and their associated shorthand notations 

Fatty acid Shorthand notation 
Myristic acid 14:0 
Palmitic acid 16:0 
Palmitoleic acid 16:1n-7 
Stearic acid 18:0 
Oleic acid 18:1n-9 
trans-Vaccenic acid 18:1 trans 11, n-7 
Linoleic acid 18:2n-6, LA 
γ-Linolenic acid 18:3n-6, GLA 
α-Linolenic acid 18:3n-3, ALA 
Eicosanoic acid 20:0 
Eicosenoic acid 20:1n-9 
Dihomo-γ-linolenic acid 20:3n-6 
Eicosatrienoic acid 20:3n-9 
Arachidonic acid 20:4n-6, AA 
Eicosapentaenoic acid 20:5n-3, EPA 
Erucic acid 22:1n-9 
Docosatetraenoic acid 22:4n-6 
Docosapentaenoic acid (n-6) 22:5n-6 
Docosapentaenoic acid 22:5n-3, DPA 
Docosahexaenoic acid 22:6n-3, DHA 

During the growing period, the fatter the animal, the lipids of adipose tissue become more 

saturated and PUFA will be diluted due to greater fat accretion or secretion of lipids from de 

novo synthesis (Nuernberg et al. 1998). This fact led the pig breeders to start producing pigs 

with high proportion of lean meat and reduced amount of adipose tissue. The basic conflict in 
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pig production arises from contradictory demands of nutritionists and meat processors. The 

former one call for animal lipids rich in health beneficial PUFA but low in SFA, which are 

still considered as potential health risk factors. Meat processors require firm lard for typical 

and high technological quality of meat products, which depends on the presence of certain 

amount of SFA and may be adversely affected by PUFA. The challenge therefore is to 

increase the dietetic value of animal lipids and at the same time to maintain physical and 

sensory characteristics on an acceptable level. 

Essential fatty acids in human nutrition 

The essential C18 fatty acids, the linoleic acid (LA, 18:2n-6) and α-linolenic acid (ALA, 

18:3n-3), can not be synthesized de novo by vertebrates, because vertebrates do not possess 

the ability to insert double bonds in 18-carbon PUFA between the methyl end and the middle 

of the molecule. LA and ALA must be therefore supplied by the diet. The major sources of 

LA are sunflower oil and soybean oil. The dietary sources of ALA are green leaves and oils 

such as rapeseed oil and soybean oil where it accounts for up to 10 % of total fatty acids. 

Some seeds (linseed) and nuts (walnut) are particularly rich in ALA. At lower levels is ALA 

also found in meat and milk fat of grazing animals. 

In mammals, LA is important for growth, reproduction and skin function and as a precursor 

for arachidonic acid (20:4n-6, AA). ALA plays an important role in the protection of skin and 

fur and it is probably involved in regulating water homeostasis (reviewed by Sinclair et al. 

2002). The epidemiological studies and secondary prevention trials are uniformly supportive 

of a beneficial effect of ALA in minimizing risk of heart disease (cited in Hauswirth et al. 

2004). Another important role of ALA is to serve as a precursor of the very long chain n-3 

polyunsaturated fatty acids EPA (eicosapentaenoic acid, 20:5n-3), DPA (docosapentaenoic 

acid, 22:5n-3) and DHA (docosahexaenoic acid, 22:6n-3). 

AA and EPA are precursors for so called eicosanoids, signaling molecules (tromboxanes, 

prostaglandins, prostacyclins, leukotrienes and lipoxins) which are involved in inflammatory 

response, regulation of blood pressure, platelet aggregation and further physiological 

reactions. DHA was also recognised as a precursor of endogenous mediators, called 

docosanoids (Hong et al. 2003). A major function of DHA is its role as a vital building block 

in membranes of brain, synapses, retina and spermatozoa (Blank et al. 2002). 

Both groups of n-6 and n-3 fatty acids should be included in the diet. The balance between 

these two fatty acid families in the diet is very important. It has been estimated that the 
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present Western diet is “deficient” in n-3 fatty acids with a ratio of n-6 to n-3 of 15-20:1 

instead of 5:1. It is assumed that this disbalance and deficit of n-3 LC PUFA in the diet 

contributes to disease states such as coronary artery disease, hypertension, diabetes, arthritis, 

other inflammatory and autoimmune disorders and cancer (Simopoulos 1999). 

 

Fig. 1 Metabolic steps involved in converting α-linolenic acid 18:3n-3 to docosahexaenoic 
acid 22:6n-3. CE = chain elongation; CS = chain-shortening reaction (peroxisomal oxidation) 
(Sinclair et al. 2002) 

Conversion of ALA to very long-chain n-3 PUFA  

A major role of dietary ALA in metabolism is to provide energy and carbon atoms for de novo 

lipogenesis in brain and other tissues (Sinclair et al. 2002). In the third metabolic pathway 

ALA is the precursor of EPA, DPA and DHA which have specific functions in organism and 

are required for optimal health, especially for neural development and visual function (Connor 

et al. 1992). This pathway involves seven different steps: three are desaturations, three are 

chain elongations and one is a chain shortening reaction (Fig. 1). This pathway takes place 

mainly in the endoplasmatic reticulum, but the final chain-shortening step involves 

peroxisomal oxidation of 24:6n-3 to 22:6n-3. It is important to mention that the same 

enzymes are involved also in desaturation and elongation of n-6 PUFA with consequent 

competition of LC PUFA synthesis between these two fatty acid families. As long as there is 
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balance in the intakes of these families of PUFA, appropriate amounts of LC PUFA should be 

formed. 

The efficiency of ALA conversion to long-chain PUFA in adult humans is 0.2% to EPA, 

0.13% to DPA and 0.05% to DHA (Burdge and Calder 2005) and can be further reduced by a 

high n-6 PUFA intake (Gerster 1998). The major sources of EPA and DHA for humans are 

marine organisms, but a great proportion of people avoid eating recommended amounts of 

fish or seafood products (Meyer et al. 2003). Therefore, a new strategy of providing 

commercial products enriched in LC n-3 PUFA could help to improve daily intake of these 

fatty acids, without need to change traditional eating habits.  

Production of LC n-3 PUFA rich meat and meat products 

Nutrition is the main factor through which the lipid and fatty acid deposition may be altered. 

It is well known that the fatty acid composition of muscle and backfat lipids reflects the fatty 

acid composition of the diet. Pigs readily incorporate dietary PUFA in adipose tissue and 

muscle and it would be easy to produce high PUFA pork and lard. However, additional PUFA 

in pig diet markedly increase the oxidative potential of lipids in muscle and adipose tissue. 

Therefore a limitation is necessary for PUFA in pig diet. Accordingly, the antioxidative 

substances such as vitamin E added into feed can help to maintain the technological quality of 

meat and fat.  

Linseed as a food and feed component 

Historically, linseed (Linum uistatissimum L., Linaceae) has been used for food and feed for 

animals in Europe, Asia and Africa since 5000–8000 bc and the fiber of linseed stem has been 

used for linen cloth. Oil pressed from linseed also has been a basic cooking oil in China and 

other countries for centuries (Berglund 2002). 

Linseed has three major components which make it beneficial in human and animal nutrition: 

(1) a very high content of ALA, (2) high percentage of dietary fiber, both soluble and 

insoluble and (3) the highest content of plant “lignans” (estrogen-like chemicals which also 

act as antioxidants) of all plant or seed products used for human food (Berglund 2002). 

Ground and intact linseed can be added to almost any baked product and adds a nutty flavour 

to bread, waffles, pancakes and other products (6-8 % of the dry components). 

However, ground linseed or extracted linseed oil as a feed component is at constant risk of 

rancidity. Even small amounts of peroxidation produce sufficient amounts of volatile products 



GENERAL INTRODUCTION 

- 9 - 

to confer an unpleasant smell. Thereby also the oxidative stability of n-3 enriched meat and 

meat products could be negatively affected.  

On the other hand, if the linseed is treated by the cooking-extrusion process, this promotes oil 

availability for absorption, inactivates lipases and eliminates cyanogenic anti-nutritional 

compounds (Linustatine, Neolinusatine, Linamarine) of the seeds (Weill et al. 2002). 

CLA as a feed component  

Conjugated linoleic acid (CLA) is a generic term for several isomers of linoleic acid with cis 

and trans conjugated double bonds. CLA is a naturally occuring fatty acid produced in the 

rumen of ruminant animals by the fermentative bacteria, Butyrovibrio fibrisolvens, which 

isomerizes linoleic acid into CLA. Another source of CLA in ruminants is synthesis via ∆-9 

desaturase of trans-11 octadecanoic acid (Griinari et al. 2000).  

CLA was originally isolated from grilled beef as an anticarcinogenic principal (Ha et al. 

1987). The dominant cis-9, trans-11 isomer of CLA is mainly found in meat and dairy 

products from ruminant animals raised on pasture (Jiang et al. 1996). The synthetic CLA 

products often used in feeding experiments, produced from sunflower or safflower oil, contain 

the cis-9, trans-11 and the trans-10, cis-12 isomers in approximately equal proportions. CLA 

has been shown to have a range of beneficial effects: anticarcinogenic properties, immune 

modulation, reduction of body fat and increase of lean body mass, normalization of impaired 

glucose tolerance, anti-atherosclerotic and isomer specific effects (Belury 2002). Meanwhile, 

CLA has become an interesting feed supplement in animal nutrition in order to fortify CLA in 

food of animal origin. The two main isomers which are often used in feeding experiments 

exert different effects: cis-9, trans-11 CLA isomer enhances growth and feed efficiency in 

young rodents, trans-10, cis-12 isomer is responsible for the changes in body composition 

(Park et al. 1999). The effects in terms of enhancing the feed conversion efficiency and 

proportion of lean in the pig carcasses however could not be confirmed consistently (Dugan et 

al. 2001; Bee 2000; Corino et al. 2003).  

CLA isomers in feed alter the fatty acid composition of various tissues in pigs in terms of 

higher content of SFA and lower MUFA proportion (Tischendorf et al. 2002). In 

consequence, the backfat and belly firmness of CLA supplemented pigs is higher than in pigs 

fed the control diet (O'Quinn et al. 2000). This effect is desirable in terms of technological 

processing of meat products. On the other hand, SFA are unpopular among the nutritionists, 

which recommend reducing saturated fat at the expense of higher intake of LC n-3 PUFA in 
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the diet (MacRae et al. 2005). Additional PUFA markedly increase the oxidative potential of 

muscle and adipose tissue lipids and cause an undesirable soft consistency of lard. CLA might 

be a promising feed additive in pig production, because it may compensate for the softening 

effect of PUFA. This main contradiction in demands of meat processors and nutritionists in 

terms of technological quality and dietetic value of meat and meat products could be moderate 

by CLA. A higher amount of PUFA in the diet and consequently in backfat might be 

acceptable when CLA is fed at the same time. 
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Aims of the study 

In the first study, growing and finishing pigs were fed on the diet containing a moderate 

amount of extruded linseed with a high content of ALA. The effect of n-3 fatty acids from 

feed on accumulation of LC n-3 PUFA in longissimus muscle membrane lipids, backfat and 

brain were determined. The fatty acid composition and sensory acceptance of traditional meat 

products such as air-dried bacon and ham was investigated.  

The objective of the second study was to determine the growth performance and body 

composition in growing and finishing pigs fed a mixture of CLA isomers. Further, the optimal 

CLA-feeding duration to achieve a good fat firmness and oxidative stability of lard were 

investigated. 
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Abstract 

The aim of this study was to investigate growth performance, carcass characteristics and fatty 

acid composition of meat (m. longissimus dorsi, LD) and brain of pigs fattened on a diet 

containing extruded linseed or a control diet. The pigs fed the control diet showed higher 

daily weight gain and slightly better feed conversion ratio (p < 0.05) than the pigs fed the 

linseed diet. Animals fed linseed were leaner and had a slightly higher proportion of prime 

cuts than the control pigs. In the phospholipids fraction of LD, amounts of 18:3n-3, 20:3n-3 

and 20:5n-3 were about threefold higher (p < 0.001) in muscle of linseed fed pigs compared 

to the control. In contrast, the level of 22:6n-3 of linseed group was lower (p < 0.05) in LD 

and not affected in brain where the proportion of 20:4n-6 was lower while it was higher for 

20:5n-3 and 22:5n-3. The n-6/n-3 ratio improved but effect on long-chain n-3 PUFA was 

limited to 20:5n-3 and 22:5n-3 with no increase of 22:6n-3. 

Introduction 

Polyunsaturated fatty acids (PUFA) are required for normal physiological functions of cell 

membranes and a good health. Linoleic acid (18:2n-6, LA) and α-linolenic acid (18:3n-3, 

ALA) are the basic fatty acids of the PUFA families, respectively. The C18 fatty acids, LA 

and ALA, cannot be synthesized de novo by man and other vertebrates and must therefore be 

supplied through the diet. The C20 and C22 long-chain (LC) PUFA can be then formed from 

their precursors C18 via desaturation and elongation processes. Pig meat and fat is important 

source of fatty acids and could improve the supply of LC n-3 PUFA in human diet if fortified 

with n-3 fatty acids. Dietary PUFA are readily incorporated into pig muscle and adipose 

tissue. Previous feeding experiments showed that pigs are able to convert dietary ALA and 

LA to LC PUFA (Enser et al. 2000; Matthews et al. 2000). LA is precursor to γ-linolenic acid 

(18:3n-6, GLA), dihomoGLA (20:3n-6) and arachidonic acid (20:4n-6, AA), ALA to 

eicosapentaenoic acid (20:5n-3, EPA), docosapentaenoic acid (22:5n-3, DPA), 

docosahexaenoic acid (22:6n-3, DHA). Each of these fatty acids has its specific physiological 

functions (Simopoulos 1999; Lauritzen et al. 2001) and especially AA, EPA and DHA play a 

major role in growth and development of body and brain (Horrocks and Yeo 1999; Das 2003). 

Although the endogenous conversion of ALA to EPA, DPA and DHA by adult humans is 

possible, the efficiency is relatively poor (Burdge and Calder 2005) and often further reduced 

by high n-6 PUFA intakes (Gerster 1998; Bourre 2005). The n-6 and n-3 fatty acids compete 
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for the same desaturase enzymes forming the LC PUFA. Therefore a balanced n-6/n-3 ratio in 

the diet is essential for normal growth and development (Simopoulos, 2000).  

It is known that linseed is one of the richest sources of ALA. On the other hand, raw linseed 

contains cyanogenic anti-nutritional factors, which on enzymatic hydrolysis release 

hydrocyanic (HCN) acid. These toxic compounds in linseed can be successfully reduced in 

cooking-extrusion process (Feng et al. 2003). 

The ability of the pig to use dietary ALA as a precursor for LC n-3 PUFA is of particular 

importance for human health. The same pattern of increasing body tissues n-3 fatty acids after 

intake of ALA could be shown in humans and also in the pig animal model (Riley et al. 2000; 

Weill et al. 2002): the higher contents of EPA and DPA, but DHA even declines in some 

pools (Kouba et al. 2003).  

It is not clear, if the DHA content in brain could be elevated when pigs are fed on a diet rich 

in ALA and how the fatty acid composition in brain could be affected. Further, it is not clear 

if more DHA is formed from ALA in the diet in brain of linseed supplemented pigs than in 

control pigs, because DHA is incorporated mostly in brain. DHA is possibly more necessary 

in brain than in other tissues. The aim of the present study was therefore to investigate growth 

performance and carcass characteristics of growing finishing pigs fed a diet containing 

extruded linseed rich in ALA as well as the effect of extruded linseed on accumulation of LC 

n-3 PUFA in the longissimus muscle (LD) membrane lipids and brain lipids. 

Materials and methods 

Experimental animals and diets 

Forty Large White pigs from 10 litters (2 females and 2 castrated males per litter) fattened 

from 30 kg to 106 kg live weight were used in this study. The pigs were allocated to two 

feeding treatments, linseed and control, balanced according to gender, litter and initial body 

weight. Feed and water were available ad libitum during the whole growth period. 

The ingredients of the two diets are listed in Table 2. The linseed group received a diet 

containing 5 % of a feed component, consisting of 50 % extruded linseed with a high content 

of ALA (49 % of total lipids), 10 % lupine and 40 % clover seeds, marketed under the brand 

name TradiLin®. 

The fat content of the control diet was adjusted to the fat content of the linseed diet by adding 

1.4 % lard. Both diets were calculated to contain 13.2 MJ DE and 155 g CP per kg (Table 3) 

and supplemented with 60 mg vitamin E per kg feed. 
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Table 2 Composition of control and linseed diets 

  Control diet Linseed diet 
Number of animals   20 20 
Barley % 32.7 30.8 
Rice crushed % 15.0 13.9 
Soybean meal (50 % CPç) % 12.2 10.2 
Wheat powder % 10.0 10.0 
Potato meal % 10.0 10.0 
Peas %   5.0   5.0 
Molasse %   4.0   4.0 
Potato protein %   2.0   2.0 
Wheat starch %   1.1   3.6 
Straw meal %   1.5   1.5 
Limestone %   1.2   1.2 
LignoBond DD %   1.0   1.0 
Dicalcium phosphate %   0.9   0.8 
Salt %   0.3   0.3 
Luprocid/Bio-Add %   0.3   0.3 
Lysine %   0.1   0.2 
Methionine %     0.04     0.04 
Sugar beet pulp %   1.1 - 
TradiLin®* g/kg - 50 
Lard g/kg 14 - 
Vitamin A UI 9600 9600 
Vitamin D3 UI 1200 1200 
Vitamin E mg 60 60 

CPç = crude protein, * TradiLin® is a feed supplement consisting of extruded linseed, lupine 
and clover seeds 

Sampling procedures 

The animals were slaughtered at the Swiss Pig Performance Testing Station (MLP, SUISAG) 

in Sempach, Switzerland. The brain was collected immediately after slaughter from each 

animal. Carcasses were cut 24 h after slaughter according to the guidelines of the MLP to 

estimate the carcass composition. Samples of m. longissimus dorsi (10-13 rib, LD) were taken 

from each animal during cutting of the carcasses. Muscle samples trimmed off adhering fat 

and connective tissue as well as samples of brain tissue were homogenised in a Moulinette SE 

(Moulinex GmbH, Solingen, Germany). The homogenates were sealed under vacuum in 

plastic bags and kept frozen at -20 °C until analysed. 
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Table 3 Nutrient content (calculated and analysed) of control and linseed diets (per kg feed) 

  Control Linseed 
Calculated       
Crude protein g/kg 155 155 
Crude fat g/kg  26   23 
Crude ash g/kg  53   52 
Digestible energy  MJ/kg    13.2      13.2 
    
Analysed       
Dry matter g/kg 892 880 
Crude protein g/kg 157 152 
Crude fat g/kg  28   24 
Crude ash g/kg   54   53 
Digestible energy  MJ/kg     13.4     13.2 
Sum of tocopherols mg/kg DM*     68.7     56.0 
α- tocopherol  mg/kg DM     34.7    28.3 
β- tocopherol  mg/kg DM       0.3      0.3 
γ- tocopherol  mg/kg DM       2.3      2.1 
δ- tocopherol  mg/kg DM       0.5      0.5 

DM* = dry matter 

Chemical analyses 

Feeds were analysed for dry matter, crude ash as well as crude fat according to the standard 

methods of VLDUFA (Naumann and Bassler 1988). Crude protein was analysed by 

determination of nitrogen using a CN Analyser FP 2000 (Leco Corporation, St. Joseph, 

Michigan, USA). Vitamin E in feed was analysed by HPLC after lipid saponification and 

solvent extraction (Rettenmaier and Schüep 1992). The analysed amount is presented as the 

sum of all tocopherols multiplied with protection factors 1.98, 2.0, 3.13 and 2.11 for α-, β-, γ- 

and δ-tocopherol (Table 3), respectively (Pongracz et al. 1995). 

Lipids of feed samples were extracted using accelerated solvent extraction (ASE 200 Dionex 

Corp. Sunnyvale, USA) and the fatty acid composition was determined after transformation 

into fatty acid methyl esters according to the IUPAC method 2.301 (IUPAC 1987) using 

boron trifluoride after saponification with methanolic NaOH.  

The intramuscular fat of m. longissimus dorsi was extracted using hexane/isopropanol (3:2, 

v/v) containing tritridecanoin and phosphatidylcholin-C11 as internal standards. The extracts 

were dried under vacuum and redissolved in 1 ml chloroform. 0.5 ml of this solution was 

given onto a silica gel column, in order to separate neutral lipids and phospholipids (1 g silica 

gel mash 60, Merck, KGaA, Darmstadt, Germany, in 5 ml glass columns, International 

Sorbent Technology LTD, Mid Glamorgan, UK), previously conditioned with 4 ml hexane in 
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order to separate neutral lipids and phospholipids. Neutral lipids were eluted with 4 ml 

chloroform-isopropanol (2:1), phospholipids with 4 ml methanol. The neutral lipid extract 

was evaporated under vacuum and the fatty acids were transformed to methyl esters with 

boron trifluoride (Fluka Chemie, GmBh, Buchs, Switzerland) after saponification with 

methanolic NaOH. The fatty acids of the phospholipids were transesterified during 12 hours 

at 50°C in the methanol after adding 0.1 ml concentrated sulphuric acid (95-97 %, Merck, 

KGaA, Darmstadt, Germany). 

For the fatty acid analysis of brain homogenate, lipids were also extracted with 

hexane/isopropanol (3:2, v/v) and esterified according to the IUPAC method 2.301. 

The fatty acid composition was analysed by gas chromatography (HP 6890, Hewlett-Packard, 

Avondale, PA, USA) with a SupelcowaxTM – 10 column (Supelco Inc., Bellefonte, PA, USA) 

and quantified with the Chemstation software (HP Chemstation A.04.01 Hewlett-Packard, 

Pennsylvania, USA). 

Statistical analysis 

The statistical analyses of growth performance traits and carcass characteristics of pigs as well 

as the fatty acid composition of muscle lipids and brain were carried out with the Statistical 

Analysis System (SAS, Release 8 for Windows TM, SAS Institute, Cary, NC, USA), applying 

the general linear models (GLM) procedure using diet, gender and litter as fixed effects.  

Results  

Composition of experimental and control feed  

The linseed diet had lower contents of saturated fatty acids (SFA) and monounsaturated fatty 

acids (MUFA) and an almost 5 g/kg higher content of PUFA than the control diet (Table 4). 

The supplementation of 5 % TradiLin® to the feed of the linseed group increased n-3 PUFA 

by 5.7 g/kg feed. The levels of n-6 PUFA in control and linseed diet were equivalent (ca. 9 

g/kg feed). Consequently, the n-6 to n-3 fatty acid ratio was considerably reduced in the 

linseed diet (7.6 vs. 1.6), as well as the LA to ALA ratio (8.8 vs. 1.6). To both diets, 60 mg of 

vitamin E were added per kg, but the analysed content was somewhat lower in the linseed diet 

than in the control diet, indicating that some of the tocopherol could have been already used to 

protect the n-3 fatty acids (Table 3).  
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Table 4 Fatty acid composition of a control and linseed diet (g per kg feed) 

 Control Linseed 
SFA 9.1 4.5 
MUFA 9.3 5.2 
PUFA                   10.3                    15.1 
   
   16:0 5.9 3.3 
   18:0 2.2 0.8 
   16:1 0.5 0.1 
   18:1n-9 7.9 4.7 
   18:1n-7 0.6 0.2 
   
   18:2n-6                     8.8 9.1 
   20:2n-6   0.05   0.02 
   20:4n-6   0.03   0.01 
Total n-6 8.9 9.2 
   18:3n-3 1.0 5.6 
   20:3n-3     0.004   0.05 
Total n-3 1.2 5.7 
LA/ALA 8.8 1.6 
n-6/n-3 7.6 1.6 

Growth performance and carcass characteristics 

The daily live-weight gain of the pigs fed on the control diet was higher (p = 0.008) and the 

feed conversion ratio was better (p = 0.042) than of those fed on the linseed diet (Table 5). On 

the other hand, linseed fed animals were leaner and had a slightly higher proportion of prime 

cuts (p = 0.061) than the control pigs.  

Growth performance and carcass characteristics showed a gender effect, with higher body 

weight gain in castrated males (980 vs. 918 g per day), although the feed conversion ratio was 

equivalent for both gender groups, castrates and females (2.5 kg / kg). The female pigs had 

significantly higher proportion of prime cuts (60.0 vs. 58.7, p = 0.029), ham (22.1 vs. 21.3, p 

= 0.006), and fat free lean (55.3 vs. 53.3, p = 0.005) than castrated males. Females had lower 

proportion of adipose tissue (9.5 vs. 10.7, p = 0.005) and lower muscle lipid content (2.4 vs. 

2.82, p = 0.004) than castrated males. 
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Table 5 Growth performance and carcass characteristics from pigs fattened on a control or a 
linseed diet 

  Control  Linseed p-value 
Live weight begin 29.6 ± 2.4 29.7 ± 1.5 0.888 
Live weight end    105.9 ± 2.2  105.4 ± 3.4 0.689 
Daily body weight gain [g] 982± 74.5 917 ± 77.2 0.008 
Feed conversion ratio [kg/kg]   2.4 ± 0.1   2.5 ± 0.1 0.042 
MFA$ (FOM) [%] 53.8 ± 2.3 55.0 ± 1.8 0.041 
Superficial adipose* [%] 10.5 ± 1.6   9.6 ± 1.5 0.029 
Proportion of prime cuts£* [%] 58.8 ± 1.7       60.0 ± 2 0.061 
$MFA = Fat-free lean (Fat-O-Meater)  
*Ham fat tissue was not removed 
£ Total weight of trimmed loin, ham and shoulder as percentage of carcass weight 

Muscle neutral lipids and phospholipids 

There was no effect of the linseed diet on the content of intramuscular neutral lipids and 

phospholipids in the LD (Tables 6 and 7).  

In the neutral lipid fraction, the proportion of SFA was also not affected by the linseed diet, 

but the proportion of MUFA was slightly lower (p < 0.05) and PUFA, both total n-6 and total 

n-3 fatty acids, were significantly higher (p < 0.001) in the LD of the linseed fed pigs. The 

level of C20 and C22 PUFA was generally very low and the proportions of 20:4n-6, 20:5n-3 

and 22:6n-3 were hardly affected by the diet while 20:3n-3 and 22:5n-3 were higher in the 

linseed group (Table 6). 

In the phospholipid fraction, the proportion of PUFA was also higher (p < 0.001) in the 

linseed group than in the control and again at the expense of MUFA. This difference was 

mainly due to the higher proportion of all n-3 PUFA (p < 0.001) in the linseed treatment. The 

proportions of 18:3n-3, 20:3n-3 and 20:5n-3 were about threefold higher and that of 22:5n-3 

about 40 % higher (p < 0.001) in muscle of linseed fed pigs compared to the control. In 

contrast, the level of 22:6n-3 was lower (p = 0.014) in the phospholipid fraction of the linseed 

group (Table 7). Within the n-6 PUFA, 18:2n-6 was higher, while the C20 and C22 n-6 PUFA 

were lower in the linseed treatment. The n-6/n-3 ratios in the diet on one hand and in the 

phospholipids of the meat and on the other hand was similar in the control group (7.6 and 6.4, 

respectively) while it was lower in the diet than in the phospholipids for the linseed group (1.6 

and 3.2, respectively).  
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Table 6 Fatty acid composition of neutral lipid in m. longissimus dorsi (g per 100 g total 
FAME#, means ± S.D.) from pigs fattened on a control or a linseed diet 

  Control  Linseed p-value 
    
Content of neutral lipids 
(g/100 g muscle) 

2.1 ± 0.7 2.1 ± 0.8 0.883 

SFA 39.7 ± 2.1 39.4 ± 2.6 0.589 
   16:0 25.2 ± 1.1 24.8 ± 1.6 0.297 
   18:0 12.5 ± 0.9 12.6 ± 1.6 0.625 
MUFA 56.1 ± 1.7 55.1 ± 1.7 0.003 
   16:1n-7     4.4 ± 0.04     4.1 ± 0.04 0.022 
∑18:1* 50.8 ± 0.4 50.1 ± 0.5 0.038 
PUFA   4.2 ± 0.5   5.6 ± 1.1 <.0001 
   18:2n-6   3.0 ± 0.4   3.3 ± 0.7 0.016 
   20:4n-6        0.14 ± 0.02       0.13 ± 0.04 0.110 
Total n-6          3.4 ± 0.5   3.8 ± 0.8 0.028 
   18:3n-3        0.26 ± 0.04       1.05 ± 0.22 <.0001 
   20:3n-3        0.05 ± 0.01       0.18 ± 0.03 <.0001 
   20:5n-3         0.03 ± 0.01       0.04 ± 0.01 0.563 
   22:5n-3        0.06 ± 0.01       0.12 ± 0.02 <.0001 
   22:6n-3         0.05 ± 0.01       0.05 ± 0.01 0.871 
Total n-3          0.5 ± 0.06   1.5 ± 0.3 <.0001 
   n-6/n-3          7.3 ± 0.7        2.6 ± 0.1 <.0001 

* ∑18:1 = (18:1n-9 + 18:1n-7 + 18:1n-5), # Fatty acid methyl esters 
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Table 7 Fatty acid composition of phospholipids in m. longissimus dorsi (g per 100 g total 
FAME#, means ± S.D.) from pigs fattened on a control or a linseed diet 

  Control  Linseed p-value 
Content of phospholipids  
(g/100 g muscle) 0.43 ± 0.03 0.43 ± 0.02 0.700 
SFA   30.2 ± 1.3   31.1 ± 1.1 0.049 

   16:0   20.6 ± 0.9   21.2 ± 0.9 0.047 
   18:0     8.1 ± 0.9     8.5 ± 0.6 0.127 
MUFA   27.6 ± 3.2   22.5 ± 3.6 <.0001 
   16:1n-7     2.8 ± 0.6     2.1 ± 0.5 <.0001 
∑18:1*   23.9 ± 2.0   19.7 ± 2.0 <.0001 
PUFA   42.2 ± 2.7   46.5 ± 3.1 <.0001 
   18:2n-6   25.2 ± 2.4   26.5 ± 1.5 0.044 
   20:3n-6 1.18 ± 0.08 1.06 ± 0.08 <.0001 
   20:4n-6      7.4 ± 0.6     5.7 ± 0.8 <.0001 
   22:4n-6 0.84 ± 0.14 0.46 ± 0.09 <.0001 
   22:5n-6     0.11 ± 0.05 0.08 ± 0.02 0.031 
Total n-6   35.5 ± 2   34.5 ± 2 0.105 
   18:3n-3       0.8 ± 0.1     3.0 ± 0.5 <.0001 
   20:3n-3     0.1 ± 0.02     0.3 ± 0.03 <.0001 
   20:5n-3       1.1 ± 0.1     3.1 ± 0.4 <.0001 
   22:5n-3     1.8 ± 0.2     3.0 ± 0.3 <.0001 
   22:6n-3     1.5 ± 0.3     1.3 ± 0.3 0.014 
Total n-3     5.5 ± 2.7   11 ± 3 <.0001 
   n-6/n-3     6.4 ± 0.6     3.2 ± 0.2 <.0001 

* ∑18:1 = (18:1n-9 + 18:1n-7 + 18:1n-5), # Fatty acid methyl esters 

The fatty acid composition of brain  

In contrast to the muscle phospholipids, the levels of SFA, MUFA and PUFA in brain were 

not affected by linseed feeding (Table 8). The proportions of arachidonic acid and 22:4n-6, 

which were the most prominent PUFA beside DHA in brain, were significantly lower for the 

linseed fed animals. The proportions of all other PUFA were around 0.5 % or lower and the 

content of ALA was below the detection limit. EPA and DPA, although at very low levels, 

were significantly higher (p<0.001) in brain of the linseed fed pigs. In contrast, the level of 

DHA was not affected by the linseed feeding. The AA/EPA and 22:4n-6/DPA ratios were 

almost 2-fold lower as result of significantly lower amounts of AA and 22:4n-6 fatty acids 

and higher EPA and DPA levels in brain of animals supplemented with linseed diet. The total 

amount of n-3 fatty acids was somewhat higher (p<0.05) in the brains of the linseed fed 
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animals, while the total amount of n-6 fatty acids as well as the n-6/n-3 ratio were lower in the 

brains of the control animals.  

Table 8 Fatty acid composition of brain (g per 100 g total FAME#, means ± S.D.) from pigs 
fattened on a control or a linseed diet 

 Control Linseed p-value 
Lipid content 3.51 ± 0.12 3.49 ± 0.18 0.726 
SFA             38.9 ± 0.52         39.0 ± 0.49 0.581 
14:0 0.33 ± 0.02 0.33 ± 0.02 0.752 
16:0             17.6 ± 0.45         17.5 ± 0.47 0.619 
17:0 0.22 ± 0.01 0.22 ± 0.01 0.517 
18:0             20.3 ± 0.17         20.4 ± 0.33 0.089 
MUFA             34.5 ± 1.33         34.7 ± 1.26 0.632 
16:1 0.88 ± 0.05 0.85 ± 0.05 0.037 
18:1n-9             23.8 ± 0.85         24.1 ± 0.88 0.335 
20:1n-9 1.38 ± 0.24 1.40 ± 0.18 0.728 
PUFA             26.6 ± 0.83         26.4 ± 0.84 0.282 
        
18:2n-6 0.49 ± 0.04 0.57 ± 0.07 0.002 
20:2n-6 0.09 ± 0.08 0.12 ± 0.11 0.318 
20:3n-6 0.51 ± 0.06 0.61 ± 0.07 <0.0001 
20:4n-6 9.04 ± 0.46 8.71 ± 0.41 0.001 
22:4n-6 3.72 ± 0.19 3.39 ± 0.22 <0.0001 
22:5n-6 0.57 ± 0.08 0.34 ± 0.05 <0.0001 
Total n-6             14.4 ± 0.5         13.7 ± 0.6 <0.0001 
        
18:3n-3  ND*   ND*   
20:3n-3 0.10 ± 0.01 0.10 ± 0.01 0.308 
20:5n-3 0.05 ± 0.04 0.11 ± 0.01 <0.0001 
22:5n-3 0.28 ± 0.03 0.56 ± 0.06 <0.0001 
22:6n-3 9.66 ± 0.48 9.81 ± 0.55 0.311 
Total n-3             10.1 ± 0.5         10.6 ± 0.6 0.003 
n-6/n-3 1.43 ± 0.1 1.3 ± 0.1 <0.0001 
AA/EPA 123.1 ± 9.9            76.4 ± 5.6 <0.0001 
22:4n-6/22:5n-3 13 ± 1.1 6.1 ± 0.5 <0.0001 

*not detected, below detection limit, # Fatty acid methyl esters 
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Discussion 

Growth performance and carcass characteristics 

In the present study we observed differences in daily live-weight gain and feed conversion 

ratio between control and linseed fed animals. It is unlikely that the genetic origin of the 

animals account for these differences because full sibs were allocated to the feeding treatment 

groups fully balanced. In addition, animals fed linseed were leaner and had a slightly higher 

proportion of prime cuts than the control pigs. One explanation for these differences could be 

the protein content of the diet, which was in fact slightly higher in the control than in the 

linseed diet. On the other hand, it is also known that not only 18:3n-3 is used for β-oxidation 

more preferentially than 18:2n-6 (Price et al. 2000), but n-3 PUFA were also described to 

induce the expression of genes promoting fatty acid oxidation, and may therefore help to 

reduce body fat deposition in animals by inducing the expression of genes encoding for 

proteins involved in biochemical processes associated with enhanced heat production (Baillie 

et al. 1999; Takahashi and Takashi 2000). The slightly more unfavorable feed conversion of 

linseed fed animals, the lower superficial adipose tissue proportion and the higher proportion 

of prime cuts compared to control pigs support this explanation. However, other authors 

(Matthews et al. 2000; Kouba et al. 2003) did not observe any effect of crushed linseed in the 

diet on animal growth and carcass characteristics.  

Alterations of muscle lipids 

The moderate amount of extruded linseed in the diet affected both neutral lipid and 

phospholipid fractions of longissimus muscle. Neutral lipids generally contain lower amounts 

of PUFA, higher contents of 18:2n-6, 18:3n-3, 20:3n-3 and 22:5n-3 fatty acids within this 

fraction in linseed LD were observed. In phospholipids, on the other hand, a 10 times higher 

proportion of PUFA is found than in the neutral lipid fraction. The 18:2n-6 as C18 precursor 

of LC n-6 PUFA makes up more than half of all PUFA (60 vs. 57 %) in control compared to 

linseed LD. It is interesting, that while the content of 18:2n-6 in the phospholipids of the 

linseed group was even higher than that of control, the amounts of arachidonic fatty acid 

20:4n-6 as well as the amount of dihomoGLA fatty acid (20:3n-6, DHGLA) were 

considerably lower. These results show that the production of AA has been inhibited probably 

by the competition of n-3 PUFA for ∆-6 desaturase, which show higher affinity for ALA than 

for LA (Sprecher 2000). Moreover, the proportion of C20 n-6 PUFA was lower in linseed 

muscle phospholipids compared to the control (14.5 vs. 20.3 % of all PUFA) as well as the 
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proportion of C22 (1 vs. 2 %). On the other hand, proportions of C18, C20 and C22 PUFA in 

the n-3 fatty acid fraction were considerably higher in linseed muscle (6.5, 7.3 and 9.4 %) 

than in control LD (1.9, 2.8 and 7.6 %), respectively.  

The evidence of health benefits of n-3 fatty acids (Simopoulos 1991) has led to 

recommendations to increase consumption of LC n-3 PUFA. An alternative strategy for 

enhancing the n-3 PUFA intake beside marine sources may be to provide meat and meat 

products fortified with LC n-3 PUFA. Synthesis of LC n-3 PUFA could be stimulated in pigs 

by feeding n-3 fatty acid rich feed. It is well known, that body lipid composition is influenced 

or even depending on dietary fat composition. It is also known, that there are competitive 

interactions between LA and ALA and the level of LA in feed in relation to ALA seems to be 

relevant. In our study, the content of LA was slightly higher in the linseed diet compared to 

the control diet (9.1 vs. 8.8 g / kg feed), but the LA to ALA ratio was 8.8 / 1 in control diet 

and 1.6 / 1 in the linseed diet, which could stimulate the production of longer chain n-3 

PUFA. It was shown by Enser et al. (2000) that reduced 18:2n-6 in experimental feed (36 vs. 

22 g/100g fatty acids) produced higher contents of EPA and also DHA in muscle and adipose 

tissue. Interestingly, they observed higher contents of EPA, DPA and DHA in muscle 

phospholipids of linseed fed pigs compared to the control even with a lower content of ALA 

in the feed (4 g/kg feed) than we used in our study. Further, the contents of LA in muscle 

tissues of their work and our experiment were comparable. Although the muscle content of 

ALA in their study was higher in linseed fed animals compared to the control group, the level 

of this fatty acid was twofold lower than in our study. However, we found a higher content of 

EPA and DPA in muscle tissue, but the level of DHA was not affected or even lower in LD of 

linseed fed pigs compared to the control animals. This observation is in agreement with 

results of other studies (Kouba et al. 2003; Nuernberg et al. 2005; Riley et al. 2000; Matthews 

et al. 2000). Several reasons for a lack of increase in DHA have been suggested including 

higher oxidation rate of ALA (Brenna 2002), a lower rate of conversion to n-3 long chain 

metabolites, or a significant retroconversion of DHA to EPA (Gronn et al. 1991). It is known 

that for synthesis of DHA from 22:5n-3 the second pass of the ∆-6 desaturase is necessary 

after it is elongated to 24:5n-3 and there is a competition for this enzyme with C18 fatty acids 

in the first step of the n-6/n-3 fatty acid desaturation and elongation pathway (Blank et al. 

2002; Bernert and Sprecher 1975). Therefore, if less ALA (and LA) is available, less of ∆-6 

desaturase enzyme is needed for ALA (and LA) desaturation to 18:4n-3 (or 18:3n-6) and 
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more of the activity of this  enzyme could be directed to the desaturation of 24:5n-3 to 24:6n-

3 (Arbuckle and Innis 1992).  

In the in vitro experiment with liver microsomes from rats fed fat-free diet, (Geiger et al. 

1993)) found that 18:3n-3 inhibited 24:5n-3 desaturation. When 120 nmol of radiolabeled [1-
14C] 18:3n-3 was coincubated with 80 nmol of [3-14C] 24:5n-3, the synthesis of 24:6n-3 was 

inhibited by 81 %. It is also possible that high dietary levels of ALA might depress DHA 

biosynthesis by inhibiting the desaturation of 24:5n-3 to 24:6n-3. That could be one of the 

limiting factors of DHA conversion in vivo by feeding higher contents of ALA to pigs.  

A more successful approach for increasing n-3 LC PUFA is feeding fish oil, because fish oil 

already includes all LC-PUFA. The supply of 2 % rapeseed oil plus 1 % fish oil into pig diet 

increased the levels of 18:3n-3, 20:5n-3 and 22:6n-3 fatty acids in longissimus muscle, and 

levels of 18:2n-6 and 20:4n-6 decreased (Leskanich et al. 1997). On the other hand, fish oil 

supplementation cause an abnormal flavour of pig meat and reduces the shelf life of meat 

products, which are undesired side-effects (Jaturasitha et al. 2002).  

Fatty acid composition of brain lipids  

The PUFA composition of the brain shows a distinct fatty acid profile with high proportions 

of 20:4n-6 and 22:6n-3, but only traces or even any detectable amount of their respective 

precursors, 18:2n-6 and 18:3n-3. This indicates the importance of AA and DHA as vital 

building bricks in cerebral tissue and indeed it has been shown that an additional supply with 

DHA can positively affect the cognitive performance of children (Auestad et al. 2003; Singh 

2005).  

Studies in rats fed fish oil showed increased DHA in brain (Bourre et al. 1990). In our study, 

we expected that ALA circulating in the blood might serve as a DHA precursor and therefore 

increase brain DHA. In general, the content of n-3 fatty acids was higher in brain of pigs fed 

the linseed diet. We found two-fold higher levels of EPA and DPA, respectively, in brain of 

pigs fed by the linseed diet. In contrast, the amount of DHA in brain was hardly affected. It 

seems that pigs are not able to convert dietary ALA to DHA in larger extent.  

It was shown that neural tissue prefers dietary DHA over metabolized ALA (Lefkowitz et al. 

2005; Sinclair 1975) and the levels of DHA and AA are most resistant to change in retina and 

brain, in contrast to the heart and liver tissue (Abedin et al. 1999).  

As observed during rat development by Lefkowitz et al. (2005), when stable isotope labeled 

ALA was fed to rat pups, 60 % of DHA in brain was deuterium labeled, and 40 % was 
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unlabeled. This indicates that body stores had also been an important source of brain DHA. 

When DHA was also included in the diet, 88 % of accumulated DHA in brain was unlabeled. 

The dietary ALA could support synthesis and deposition of comparable amounts of DHA, 

when DHA itself was not included in the diet. However, this pathway requires the transfer of 

DHA precursors across the blood-brain barrier and local synthesis of C20 and C22 PUFA in 

the brain (Moore 2001). DHA synthesis from n-3 precursors is performed in astrocytes. These 

cells in the central nervous system supply some of the newly formed DHA to the neurons and 

blood-brain barrier endothelium (Bernoud et al. 1998; Williard et al. 2001). Neuronal cells 

take up DHA released from astrocytes and incorporate this fatty acid into neuronal cell 

membranes (Moore 1993).  

The manipulation of dietary n-6/n-3 ratio could be an instrument for desirable modifications 

of the fatty acid metabolism. When the dietary LA to ALA ratio was lowered from 10:1 to 1:1 

and 1:12 in artificially reared neonatal rat pups, the percentage of brain DHA increased up to 

a value, which was similar to DHA percentage in the brains of a dam-reared reference group 

(Woods et al. 1996).  

It was demonstrated that plasma levels of 18:3n-3, 20:5n-3 and also 22:6n-3 increase 

significantly (p<0.05) after feeding 50 and 100 g/kg whole linseed to pigs (Matthews et al. 

2000). But although Blank et al. (2002) found a strong relationship between both erythrocyte 

and plasma 20:4n-6 and brain 20:4n-6, while there was only a weak relationship between 

erythrocyte DHA and brain DHA (r2 = 0.18) and there was no relationship at all between 

plasma DHA and brain DHA in young piglets. Further, they found the maximum 

incorporation of DHA into plasma and brain phospholipids to be between LA/ALA dietary 

fatty acid ratios of 4:1 and 2:1. In infants, lowering of LA/ALA ratio (from 44:1 to 4.8:1) in 

infant formula achieved the highest proportion of DHA in their tissues, but these still did not 

reach levels of breast fed infants (Jensen et al. 1996). However, even though a similar 

deposition of DHA was found in neural tissues of piglets fed 3.9 % ALA of the total formula 

fatty acids and piglets fed sow milk (Arbuckle and Innis 1992), a sow milk is the best source 

of LC-PUFA for piglets. The fatty acid composition of sow’s milk is influenced extensively 

by the sow’s diet (Leskanich and Noble 1999) and no additional DHA supplementation is 

necessary during pig growth. Although extruded linseed is an effective source of ALA for 

pigs, obviously its addition into the diet of growing and finishing pigs had not increased DHA 

in the brain.  
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Conclusions 

It could be concluded, that supplementation of extruded linseed in the diet of pigs had an 

effect on carcass traits in terms of slight reduction of adipose tissue proportion and higher 

proportion of prime cuts. Dietary ALA caused alterations in muscle membrane lipids, mostly 

higher amounts of LC n-3 PUFA. It is obvious, that a conversion of dietary ALA to long-

chain derivatives such as EPA and DPA in animal body occurs, but the conversion can not be 

completed to DHA, which would be its final step. On the other hand, we found a significant 

reduction of AA and other LC n-6 fatty acids in muscle lipids of linseed fed pigs. This 

contributes to a more balanced n-6/n-3 fatty acid ratio in LD. Unlike in muscle, high levels of 

AA and DHA could be found in brain. Despite of long-term linseed feeding and a higher 

content of EPA and DPA in brain of linseed fed pigs, the level of DHA was not affected. It is 

evident also from other studies that DHA must be either provided to the brain preformed or 

synthesized in the brain from other n-3 PUFA, but not in greater extent as one would expect.  

While the brain as a rich source of DHA is rather unattractive as foodstuff, pork with more 

favorable n-6/n-3 fatty acid ratio could contribute to the daily supply with LC n-3 PUFA in 

the human diet. However, fortifying pork with n-3 fatty acids by feeding ALA will improve 

the supply with LC n-3 PUFA up to DPA, but not DHA. 



 

- 28 - 

CHAPTER 2 

 

 

 

 

 

 

 

 

 

 

 

 

DOES α-LINOLENIC ACID IN PIG DIET IMPROVE THE QUALITY OF MEAT, 

BACKFAT AND CURED AIR-DRIED PRODUCTS? 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER 2 

- 29 - 

Abstract 

The objective of this study was to investigate the quality of pork and backfat as well as 

consumer acceptability of meat and cured air-dried products produced from pigs (Large 

White) fattened on a control diet or a diet containing extruded linseed. Samples of m. 

longissimus dorsi, backfat, bellies and legs were taken. Cured air-dried bacon and ham were 

produced and subjected to a paired sensory comparison in hedonic consumer tests. We 

observed no significant treatment effects on meat colour, pH and cooking loss. Oxidative 

stability and firmness of the backfat were significantly reduced in the linseed group. 

Consumer tests indicated a significant preference for bacon from one individual animal (p < 

0.05) of the control group, but no significant differences in the palatability of the hams. These 

results suggest that a moderate fortification with n-3 polyunsaturated fatty acids will not 

reduce consumer acceptance of air-dried products. 

Introduction 

N-3 polyunsaturated fatty acids (n-3 PUFA) are recognized to exert a wide range of beneficial 

effects on human health (Sinclair et al. 2002; Connor et al. 1992). Cardioprotective effects 

have been attributed to very long chain n-3 PUFA (LC n-3 PUFA) like eicosapentaenoic 

(EPA, 20:5 n-3) and docosahexaenoic (DHA, 22:6 n-3) but also to α-linolenic acid (ALA, 

18:3 n-3) (de Lorgeril et al. 1997; Bucher et al. 2002). Another highly relevant role of ALA is 

to serve as precursor of LC n-3 PUFA (Brenna 2002). However, the efficiency of its 

conversion in humans is relatively poor (Burdge and Calder 2005) and can be further reduced 

by a high n-6 PUFA intake (Gerster 1998). An increased supply of EPA and of DHA is 

recommended because of specific physiological functions of EPA as a precursor of 

eicosanoids and DHA for its role in building neuronal tissue membranes in brain and retina 

(Lin et al. 1994). 

The major sources of these LC n-3 fatty acids for humans are marine organisms, but meat also 

contributes to LC n-3 PUFA intake with around 20 % in a western type diet (Meyer et al. 

2003). Farm animals therefore contribute to the supply with n-3 fatty acids, particularly when 

feeding strategies aiming to increase n-3 fatty acids in meat, milk and eggs are applied 

(MacRae et al. 2005). In France, animal products fortified with n-3 fatty acids are already 

marketed as a branded product line (Bleu-Blanc-Coeur, 2006) and it has been shown that the 

consumption of these animal products increases the concentration of n-3 fatty acids in the 

consumers’ plasma and erythrocytes  (Weill et al. 2002). Meat and adipose tissue of pigs can 
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be easily fortified with n-3 fatty acids e.g. by feeding a diet containing linseed or its oil, which 

is a rich source of ALA (Enser et al. 2000). However, n-3 PUFA fortified pork may show a 

lower fat firmness and will be more vulnerable to oxidation, which may cause off flavours 

(Warnants et al. 1998) and which will affect the sensory acceptance of the meat (Ahn et al. 

1996; Cilla et al. 2006). Both, oxidative stability and fat firmness play a particularly important 

role for processing, quality and shelf-live of air-dried meat products. The objective of our 

study therefore was to investigate composition and sensory acceptance of traditional meat 

products such as cured air-dried bacon and ham processed from pork moderately fortified 

with n-3 fatty acids. 

Methods and materials 

Animals and diets 

Forty Large White pigs from 10 litters (2 females and 2 castrated males per litter) were 

allocated to two treatments, balanced according to gender, litter and initial weight. The pigs 

were housed on slatted floor in groups of two animals and fattened from 30 kg to the target 

slaughter weight of 106 kg. Feed and water were ad libitum available during the whole 

fattening period. 

The experimental group received extruded linseed (5 % feed supplement TradiLin®) in the 

diet (5.6 g ALA / kg feed). The fat content of the control diet was adjusted to the fat content 

of the experimental diet by adding 1.4 % lard. Both diets contained 13.2 MJ digestible energy 

and 155 g crude protein per kg and were supplemented with 60 mg vitamin E per kg feed.  

The experiment was approved by the Veterinary Office of the Canton of Luzern (Approval 

Nr. 02/03). 

Sampling procedures 

The animals were fattened and slaughtered in the Swiss Pig Performance Testing Station 

(SUISAG, Sempach, Switzerland). Carcasses were split in halves and chilled at 0 °C for a 

period of 24 h prior to dissection of the left carcass side. Cutting of the carcass was carried out 

according to the SUISAG cutting standard (Rebsamen et al. 1995).  

Samples of m. longissimus dorsi (LD; 10-13 rib) and a 3 cm stripe of backfat along the split 

line from cranial to caudal were obtained from each of the animals during carcass cutting. The 

pH measurements were carried out 45 min (pH1) and 24 h (pH24) post mortem in LD at the 
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10th rib. In addition, belly and ham of eight animals (four per treatment) were taken for 

producing cured air-dried bacon and ham, respectively.  

Meat products 

Air-dried bacon and ham samples for the consumer tests were taken from 2 female and 2 

castrated male animals from each dietary treatment group. The cured air-dried bacon and ham 

were produced in Churwalden (alpine region, 1229 m above sea level), Switzerland. The 

pieces of ham as well as bacon were rubbed with a mixture of table salt and curing salt and a 

mixture of herbs and spices. The pieces were left in the brine at 5 °C for 3 weeks. The 

products were then air dried for 3 months, vacuum packaged and stored at 10 – 12 °C. Bacon 

and ham were cut into thin slices 21 and 31 weeks after slaughter of the experimental animals, 

respectively, and packaged under protective atmosphere for the sensory evaluation. Three 

digit random numbers were assigned to the samples. 

Air-dried ham is traditionally produced with a fat layer on the surface. The thickness of this 

layer varied between individual ham pieces. Therefore we also recorded the percent of easily 

removable fat per air-dried ham slice (Table 14).  

Analyses 

Meat and fat quality traits 

Muscle samples were trimmed off external fat and connective tissues. Two slices (2.5 cm 

thick) were cut for colour and drip loss measurement. Meat colour, cooking loss and texture 

measurements were carried out as described previously (Scheeder et al. 2000). In brief, colour 

of raw meat samples was measured with a Minolta Chroma Meter 300-CR (Minolta AG, 

Dietikon, Schwitzerland) using the Lab-system. For texture analysis, the pork slices were 

sealed under vacuum in plastic bags and cooked in a water bath at 72 °C for 60 minutes and 

subsequently cooled under running tap water. The cooking loss was calculated as difference 

between the fresh weight before frozen storage and the weight after cooking. Six cores of 1.27 

cm diameter were drilled out and sheared rectangular to the muscle fibre direction with a 

Warner-Bratzler shear device mounted on a texture analyser (TA-XT2, Stabel Micro Systems, 

Haslemere, Surrey, UK). 

The outer layer of backfat was homogenised (Moulinette SE, Moulinex GmbH, Solingen, 

Germany), vacuum packed and stored at – 20 °C until analyses. Lipids of the homogenised 

backfat outer layer were extracted. Bacon as well as lard firmness was measured as previously 
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described by Gläser, Wenk and Scheeder (2004). In brief, bacon and lard firmness were 

measured with the texture analyser TA-XT2 (Stable Micro Systems, Haslemere, Surrey, UK) 

equipped with a 3.5 mm diameter punch in a CO2 cooled climate chamber at 0 °C. The lard 

samples were melted for 45 min at 60 °C and recrystallised by controlled cooling from 50 °C 

to 0 °C during 660 min. The firmness of bacon was measured also at room temperature of 22 

°C. 

The oxidative stability of extracted lard was measured in a Rancimat 679 (Metrohm AG, 

Herisau, Switzerland) at 110 °C and 20 l / h air flow. 

Fatty acid analysis 

Lipids from backfat, LD and meat products were extracted with hexane/isopropanol (3:2, v/v). 

The solvents were evaporated at 60 °C under nitrogen flow and lipids were transformed into 

fatty acid methyl esters (FAME) according to the IUPAC method 2.301 (IUPAC 1987). The 

fatty acid composition was analysed by gas chromatography (HP 6890, Hewlett-Packard, 

Avondale, PA, USA) using a SupelcowaxTM – 10 column (Supelco Inc., Bellefonte, PA, USA) 

and quantified with the Chemstation software (HP Chemstation A.04.01 Hewlett-Packard, 

Pennsylvania, USA). In addition, the intramuscular fat content in the LD was determined with 

the use of near-infrared reflectance (NIR, InfraAlyzer 450, Bran+Lübbe, Norderstedt, 

Germany) with a calibration based on Soxhlet extraction (Soxtech HAT, Tecator AB, 

Höganäs, Sweden) with dichloroethane. 

Sensory evaluation of processed products 

Bacon and ham samples were tested by 602 and 363 consumers, respectively. Hedonic 

consumer tests were conducted as paired sensory comparisons. Because it is known that the 

fatty acid composition of adipose tissue differs between castrated males and females 

(Warnants et al. 1996) and further gender effects can not be excluded, we decided to analyse 

bacon and ham samples separated according to gender. Within the gender group, castrates or 

females, each sample from linseed treatment was compared with every control sample. Each 

sample was tested in both situations: as the first and the second sample in the pair. This way, 

each sample was involved in four combinations of sample comparison. Small pieces of bread 

were offered between two pairs.  
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The participants were asked to mark in a questionnaire whether or not they noticed a 

difference between the samples. If yes, they were asked to indicate which of the samples they 

preferred.  

Statistical Analysis 

The statistical analysis of the consumer tests was performed according to DIN 10 954 Sensory 

testing methods: paired comparison test (DIN, 1986).  

The statistical analyses of the physical meat and fat quality traits and the fatty acid 

composition were carried out with the Statistical Analysis System (SAS, Release 8 for 

Windows TM, SAS Institute, Cary, NC, USA) applying the general linear models procedure 

using feeding treatment, gender and litter as fixed effects. The level of significance was set at 

p ≤ 0.05. 

Results  

Carcass composition and physiochemical meat quality characteristics 

The total weight of trimmed loin, ham and shoulder (prime cuts) tended to be higher in 

animals fed with extruded linseed (60.0 vs. 58.0 % of carcass weight, p = 0.061) compared to 

control animals. Accordingly, the total weight of fat and hide trim of prime cuts of the 

animals fed extruded linseed was lower (9.6 vs. 10.5 % of carcass weight, p = 0.029). 

Colour, pH, and cooking loss of the meat were not significantly affected by the dietary 

supplementation with extruded linseed (Table 9). The maximal shear force however tended to 

be higher (p = 0.05) in cooked pork from the linseed treatment. 

Fatty acid content and composition of muscle  

The fat content and the proportion of saturated fatty acids (SFA) in the LD did not differ 

between treatments, but the proportion of monounsaturated fatty acids (MUFA) was 

significantly lower (p = 0.001) and PUFA were significantly higher (p = 0.002) in the LD of 

linseed fed pigs (Table 10). 

In the group of n-6 fatty acids, the proportion of LA tended to be higher (p = 0.073) in the 

linseed group. The proportion of 20:2n-6 was significantly higher (p = 0.031), while the 

proportions of arachidonic acid and of 22:4n-6 were significantly lower (p < 0.05) in the 

linseed group. 
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Table 9 Physiochemical meat quality characteristics of the longissimus muscle of growing 
finishing pigs fattened on a control or a linseed supplemented diet (means ± S.D.) 

 Control Linseed p-value 
pH1, 45 min p.m. 6.3 ± 0.2 6.3 ± 0.1 0.649 
pH2, 24 h p.m. 5.4 ± 0.03 5.4 ± 0.02 0.820 
Luminance [L] 55.1 ± 1.8 54.7 ± 1.4 0.351 
Redness [a] 9.0 ± 0.9 9.1 ± 0.8 0.908 
Yellowness [b] 7.4 ± 0.7 7.2 ± 0.6 0.571 
Cooking loss  [%] 27.8 ± 1.3 27.5 ± 1.2 0.433 

Warner-Bratzler 
shear force [N] 

 
47 ± 7.4 

 
52 ± 7.2 

 
0.050 

The total amount of n-6 fatty acids in the LD did not differ between the treatments, but the n-

6/n-3 ratio was lower in the LD of the linseed supplemented animals because proportion and 

content of all n-3 fatty acids, except for DHA, were significantly higher (68 vs. 24 mg/100g 

muscle, p < 0.001). We found a 4-fold higher ALA content (34.1 vs. 8.5 mg/100g muscle, p < 

0.001) and more than 2-fold higher EPA content (12.5 vs. 4.7 mg / 100g tissue) in the LD of 

the linseed group compared to control animals. The proportion DHA did not differ between 

treatments (p = 0.345) and the content of DHA was even significantly lower in LD muscle of 

linseed group (6.2 vs. 7 mg/100g tissue, p = 0.013).  
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Table 10 Intramuscular fat content as well as fatty acid content and composition in 
longissimus muscle of growing finishing pigs fattened on a control or a linseed supplemented 
diet (g per 100 g of total FAME*, means ± S.D.) 

  Control  Linseed p-value 
Intramuscular fat content [NIRS**]   2.6 ± 0.6   2.6 ± 0.6 0.621 
Fat content [g FAME/100 g muscle]   2.5 ± 0.7   2.5 ± 0.8 0.932 
SFA 37.8 ± 1.9 37.8 ± 2.5 0.847 
MUFA 51.1 ± 1.7 49.2 ± 1.4 0.001 
PUFA 11.0 ± 1.9 13.1 ± 3.1 0.002 
 14:0     1.23 ± 0.1     1.21 ± 0.2 0.578 
 16:0 23.7 ± 1.1 23.5 ± 1.6 0.430 
 18:0 12.2 ± 0.8 12.4 ± 0.9 0.289 
 16:1     4.1 ± 0.05   3.7 ± 0.1 0.003 
 18:1n-9 41.8 ± 1.7 40.6 ± 1.6 0.018 
    
 18:2n-6, LA      6.72 ± 1.14      7.33 ± 1.65 0.073 
 20:2n-6      0.19 ± 0.03      0.21 ± 0.04 0.031 
 20:3n-6      0.27 ± 0.06      0.27 ± 0.09 0.934 
 20:4n-6, AA      1.69 ± 0.41      1.45 ± 0.52 0.033 
 22:4n-6      0.20 ± 0.04      0.13 ± 0.04 <.0001 
    
 18:3n-3, ALA      0.34 ± 0.04      1.38 ± 0.19 <.0001 
 20:3n-3      0.05 ± 0.01    0.2 ± 0.04 <.0001 
 20:4n-3      0.03 ± 0.01      0.05 ± 0.01 <.0001 
 20:5n-3, EPA     0.19 ± 0.05    0.54 ± 0.2 <.0001 
 22:5n-3, DPA     0.36 ± 0.08      0.63 ± 0.21 <.0001 
 22:6n-3, DHA     0.29 ± 0.07    0.27 ± 0.1 0.345 
∑ n-3 1.0 ± 0.2  2.8 ± 0.6 <.0001 
∑ n-6 9.5 ± 1.7  9.8 ± 2.4 0.547 
n-6/n-3 9.5 ± 0.5  3.4 ± 0.2 <.0001 

* Fatty acid methyl esters, ** Near infrared reflectance spectroscopy 
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Table 11 Fatty acid composition of backfat (g per 100 g of total FAME*, means ± S.D.), 
oxidative stability and lard firmness of pigs fattened on a control or a linseed supplemented 
diet 

  Control  Linseed p-value 
SFA 38.0 ± 2.6 36.7 ± 2.3 0.024 
MUFA 48.6 ± 1.6 45.0 ± 1.3 <.0001 
PUFA 13.3 ± 1.5 18.3 ± 1.9 <.0001 
  14:0         1.38 ± 0.14       1.28 ± 0.13 0.003 
  16:0       23.8 ± 1.46        22.8 ± 1.38 0.005 
  18:0       12.1 ± 1.15        12.0 ± 1.03 0.751 
  16:1         3.23 ± 0.42          2.7 ± 0.31 <.0001 
  18:1n-9       41.2 ± 1.53        38.8 ± 1.25 <.0001 
    
  18:2n-6, LA  10.6 ± 1.15   12.0 ± 1.32 0.001 
  20:2n-6      0.45 ± 0.06       0.47 ± 0.05 0.168 
  20:3n-6      0.09 ± 0.02       0.08 ± 0.01 0.010 
  20:4n-6, AA      0.22 ± 0.03       0.18 ± 0.03 0.0002 
  22:4n-6      0.06 ± 0.01       0.04 ± 0.01 <.0001 
    
  18:3n-3, ALA      1.11 ± 0.16   4.33 ± 0.51 <.0001 
  20:3n-3      0.16 ± 0.03   0.52 ± 0.06 <.0001 
  20:4n-3      0.04 ± 0.01    0.06 ± 0.02 <.0001 
  20:5n-3, EPA        0.04 ± 0.01    0.09 ± 0.02 <.0001 
  22:5n-3, DPA      0.14 ± 0.02    0.25 ± 0.03 <.0001 
  22:6n-3, DHA      0.13 ± 0.03    0.13 ± 0.02 0.791 
    
∑ n-6 11.5 ± 1.3 12.8 ± 1.4 0.001 
∑ n-3   1.6 ± 0.2   5.4 ± 0.6 <.0001 
n-6/n-3   7.1 ± 0.3   2.4 ± 0.1 <.0001 
oxidative stability [h]   7.9 ± 2.1   3.8 ± 1.4 <.0001 
firmness F max [N]   3.6 ± 1.4   2.1 ± 0.7 <.0001 

* Fatty acid methyl esters 

Quality of adipose tissue 

The proportion of MUFA (p < 0.001) and to a lesser extend also of SFA (p = 0.024) was 

lower in the backfat of linseed fed pigs while the proportion of PUFA was about 5 %-units  

higher (p < 0.001) than in the backfat of the control group (Table 11). In the linseed group, 

the proportion of ALA and all long chain n-3 fatty acids (C20-22) except for DHA were 

significantly higher (p < 0.0001). Interestingly, the proportion of LA and therefore of total n-6 

fatty acids was also higher (p = 0.001) in the backfat from the linseed supplemented animals. 

Nevertheless, the n-6/n-3 ratio in the backfat of linseed fed animals was noticeably lower than 

in control (p < 0.0001). 
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Oxidative stability and firmness of the backfat from pigs fed with the linseed diet were 

considerably lower (p < 0.0001). There was no significant difference in bacon firmness 

between control and linseed neither at 22 °C (7.4 N vs. 8.1 N, p = 0.574) nor at 0 °C (17.4 N 

vs. 19.6 N, p = 0.487). 

Composition of processed products  

The fat content of loin, bacon and ham was not affected (p > 0.05) by the linseed 

supplementation (Table 12). The fat content of air-dried ham from linseed treatment was 

about 5 % higher than in the control. There was a trend to lower MUFA content (p > 0.05) 

and a higher PUFA content (p = 0.001) in bacon from animals fattened on the linseed diet. 

We found a 3-fold higher content of n-3 fatty acids and 4-fold higher amount of ALA (p < 

0.01), while the n-6 fatty acid content was at an equal level (p > 0.05) in meat, bacon and ham 

from pigs supplemented with linseed. The content of AA is considerably lower (p ≤ 0.01) in 

loin, bacon and ham of the linseed group and the amount of EPA is 2-fold higher (p < 0.001). 

In contrast, the DHA level was about the same in linseed and in control loin, bacon and ham 

(p > 0.05). 

Table 12 Fat content and fatty acid content in cooked loin, bacon and air-dried ham from pigs 
fattened on a control or linseed supplemented diet (means ± S.D.) 

  Loin Bacon Ham 
  Control  Linseed Control  Linseed Control  Linseed 
n 8 8 4 4 4 4 
 g / 100 g 

fat content   8.8 ± 1.8   8.8 ± 1.7  36.7 ± 8.4 
 

 37.9 ± 6.2 
 

 20.3 ± 6.8 
 

  25.6 ± 6.0 
SFA  3.48 ± 0.74  3.55 ± 0.67 15.25 ± 3.77 15.88 ± 2.66  7.74 ± 2.97 10.05 ± 2.62 
MUFA  4.27 ± 0.98  4.04 ± 0.89 18.29 ± 4.18 17.72 ± 2.75 10.30 ± 3.30 12.14 ± 2.59 
PUFA  1.04 ± 0.14  1.23 ± 0.13   3.11 ± 0.69   4.34 ± 0.93   2.18 ± 0.52   3.38 ± 0.80 
 mg / 100 g 
n-6 883 ± 116 920 ± 79 2679 ± 590 3049 ± 662 1828 ± 439 2369 ± 546 
LA 800 ± 114 856 ± 78 2436 ± 539 2819 ± 617 1603 ± 403 2145 ± 515 
AA    62.5 ± 2.1      48.5 ± 5.9     70.2 ±19.4    51.8 ± 19.2 109.6 ± 7.02  87.8 ± 7.7 
n-3    87 ± 13.1   251 ± 47.2    414 ± 92 1272 ± 267   282 ± 65   947 ± 242 
ALA 43 ± 7.7  172 ± 36.5    237 ± 55   976 ± 209   139 ± 34.9   677 ± 187 
EPA      7.4 ± 1.1    17.6 ± 2.7     11.2 ± 2.7    24.6 ± 10.4 23.7 ± 2.1     46.9 ± 5.4 
DHA    12.4 ± 1.5    10.9 ± 4.4   39.7 ± 10.9  32.2 ± 8.9 41.7 ± 7.6  41.5 ± 8.3 
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The fatty acid composition of processed products  

In air-dried ham and bacon, the proportion of SFA was not affected by the dietary treatments, 

while the proportion of PUFA was higher in the linseed group at the expense of MUFA 

(Table 13).  

In the hams of the linseed group PUFA was only numerically higher. Within the n-6 fatty 

acids of ham samples, the proportion of 18:2n-6 was not affected and the lower content of 

20:4n-6 was not significantly different between linseed and control. Although proportions of 

ALA and EPA were significantly higher (p < 0.001 and p < 0.05) in the linseed group, the 

proportion of DPA was higher only numerically and DHA was slightly lower in comparison 

with control group.  

In bacon, the proportion of 18:2n-6 was higher almost significantly in linseed group (p = 

0.054).  
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Table 13 Fatty acid composition of air-dried ham and bacon (g per 100 g of total FAME*, 
means ± S.D.) and firmness of bacon from pigs fattened on a control or a linseed 
supplemented diet 

  Control  Linseed p-value 
n 4 4  
ham with fat tissue    
SFA 37.0 ± 2.62 37.9 ± 1.44 0.526 
MUFA 50.7 ± 1.66 47.9 ± 1.46 0.043 
PUFA 11.9 ± 1.91 13.9 ± 0.99 0.124 
  18:2n-6    8.09 ± 1.11    8.43 ± 1.16 0.642 
  20:2n-6    0.30 ± 0.04    0.30 ± 0.05 0.911 
  20:3n-6    0.21 ± 0.05    0.19 ± 0.05 0.647 
  20:4n-6      1.16 ± 0.29    0.93 ± 0.28 0.259 
  22:4n-6    0.15 ± 0.02    0.09 ± 0.03 0.006 
  18:3n-3      0.60 ± 0.10    2.19 ± 0.76 <.0001 
  20:3n-3    0.10 ± 0.02    0.30 ± 0.08 <.0001 
  20:5n-3      0.19 ± 0.06    0.41 ± 0.18 0.017 
  22:5n-3    0.39 ± 0.22    0.48 ± 0.16 0.580 
  22:6n-3      0.32 ± 0.09    0.27 ± 0.08 0.347 
∑ n-6           10.0 ± 0.5      10.0 ± 0.1 0.983 
∑ n-3 1.7 ± 1.5        3.7 ± 1.0 0.001 
n-6/n-3 6.1 ± 0.9        2.7 ± 0.2 0.001 
AA/EPA 4.6 ± 0.3        1.9 ± 0.2 <.0001 
bacon    
SFA 41.4 ± 2.52 41.8 ± 1.29 0.689 
MUFA 49.9 ± 2.09 46.8 ± 0.88 <.0001 
PUFA     8.56 ± 1.05   11.37 ± 1.08 <.0001 
  18:2n-6    6.70 ± 0.82    7.38 ± 0.74 0.054 
  20:2n-6    0.32 ± 0.05    0.33 ± 0.03 0.298 
  20:3n-6    0.06 ± 0.01    0.05 ± 0.01 0.052 
  20:4n-6      0.19 ± 0.04    0.14 ± 0.04 0.002 
  22:4n-6      0.05 ± 0.004    0.03 ± 0.01 <.0001 
  18:3n-3      0.65 ± 0.09    2.56 ± 0.24 <.0001 
  20:3n-3  0.1 ± 0.02    0.37 ± 0.03 <.0001 
  20:5n-3      0.03 ± 0.01    0.06 ± 0.02 <.0001 
  22:5n-3    0.10 ± 0.01    0.17 ± 0.03 <.0001 
  22:6n-3      0.11 ± 0.03    0.08 ± 0.02 0.011 
∑ n-6           7.4 ± 0.9 8.0 ± 0.8 0.114 
∑ n-3           1.1 ± 0.2 3.3 ± 0.3 <.0001 
n-6/n-3 6.5 ± 0.2 2.4 ± 0.1 <.0001 
AA/EPA 6.3 ± 0.8 2.2 ± 0.2 <.0001 
Firmness of bacon    
F max at 22°C [N] 7.4 ± 1.3 8.1 ± 2.0 0.574 
F max at 0 °C [N]           17.4 ± 3.7       19.6 ± 4.7 0.487 

*fatty acid methyl esters 
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In contrast, levels of 20:4n-6 and 22:4n-6 were significantly lower (p < 0.05 and p < 0.001) in 

linseed group. The contents of all n-3 fatty acids were significantly higher (p < 0.001), except 

for DHA, proportion of which was significantly lower (p < 0.05) in bacon from pigs fed the 

linseed diet. In ham and bacon, both n-6/n-3 and AA/EPA ratios were significantly lower in 

samples from linseed fed animals. 

There was no significant difference in bacon firmness between control and linseed bacon. 

Consumer tests 

In bacon samples within castrate group, control and linseed samples received very similar 

preference rates (Table 14). Within the female group, bacon samples from the control animals 

were preferred over bacon samples from the linseed group. The most preferred sample was a 

control sample with the highest fat content of all four bacon samples (p < 0.05). The second 

most preferred was the control sample, however, with the lowest fat content. Consequently, 

preference of one control sample is not necessarily in relation with the fat content. In the 

castrate group the most preferred sample was the one with the lowest fat content.  

There was no significant diet effect on the preference of air-dried ham. The preference rating 

of ham in both gender and treatment groups was almost at an equal level. Interestingly, the 

both the most preferred ham and bacon samples originated from the same animal of the 

control group. 

The proportion of removable fat in ham was lower in the female group than in the castrated 

males, but within these groups, the fat content of bacon and also the proportion of visible fat 

tissue of the ham were not related to the preference ratings.  
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Table 14 Paired sensory comparison test of bacon and air-dried ham from pigs fattened on a 
control or a linseed supplemented diet 

  Castrates Females 

   Control Linseed Control Linseed 

 

 I II I II I II I II 

Fat content [g/100g] 44 34 40 42 31 38 32 37 

Comparisons1 160 153 148 165 126 163 129 160 

No difference2 23 27 24 26 26 13 21 18 

 

B
ac

on
 

Preference3 47 53 53 48 61 69* 31 39 

Fat tissue4 [g/100g] 21 24 28 15 12 11 19 20 

Comparisons1 91 88 90 89 91 93 94 90 

No difference2 14 25 18 21 19 24 21 22 

A
ir

-d
ri

ed
 h

am
 

Preference3  45 54 47 54 42 59 51 48 
1) Number of comparisons involving the respective sample 
2) „no difference“ ratings in % of all comparisons involving the respective sample 
3) preference for the sample in % of comparisons finding a difference 
4) g of easily removable fat per 100 g air-dried ham slice 
* (p < 0.05) 

Discussion 

Meat quality characteristics 

In our study, meat quality in terms of pH, colour and drip loss was not affected by linseed 

feeding of pigs. Similarly, no effects of feeding of 114 g/kg dietary linseed for 24 days or 10, 

20 and 30 g linseed per kg of feed for 65 days on meat pH measured 45 min and 24 h after 

slaughter and on cooking loss were reported in other studies (Riley et al. 2000).  Additionally, 

no deleterious effect on meat colour stability was reported in the same animals (Sheard et al. 

2000). However, we observed higher shear force values in cooked pork from animals fed 

extruded linseed than in control animals. Similarly, tougher pork was reported from pigs fed a 

diet containing 60 g of whole crushed linseed/kg than from pigs fed a control diet (Kouba et 

al. 2003). Wood et al. (2004) stated that the effect of fatty acids on firmness might be due to 

the different melting points of the fatty acids in meat. Corresponding to the lower melting 

point of PUFA, cooked pork slightly enriched with n-3 fatty acids would therefore be 

expected to be softer than pork from control animals. Moreover, losses of PUFA during the 

cooking process are lower than for SFA and MUFA (Slover et al. 1987; Gerber et al. 2004). It 
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may nevertheless be questioned that the melting  behaviour of the still rather low amount of 

PUFA, which to a big part are present as compounds of phospholipids, may exert such a 

significant direct effect on the texture properties of meat. More likely an effect on speed and 

extent of the post mortem tenderisation process via the activity of proteases may be assumed. 

LD samples used for texture analysis were not aged in our experiment, similar as in the work 

of Kouba et al. (2003). Ca dependent proteases, such as µ- and m-calpains, are integral 

proteins of the skeletal muscle sarcoplasmic reticulum. They are considered to be the main 

factors responsible for meat tenderisation (Koohmaraie 1992). In the early post-mortem phase 

(pH 7.2 – 6.3), Ca is released from the sarcoplasmic reticulum to the cytosol and initiates the 

action of calpains to hydrolyze proteins close to Z-lines (Jiang 1998). The higher the levels of 

calpains in muscle, the faster is the rate of post-mortem tenderisation (Dayton et al. 1981). It 

was shown, that a higher content of n-3 fatty acids in skeletal muscle sarcoplasmic reticulum 

in pigs had no influence on the Ca2+ uptake, but the activity of the Ca2+-ATPase increased 

significantly (Nuernberg et al. 1998). It is therefore interesting to speculate that changes in the 

composition of membrane lipids may exert effects on the cellular Ca2+ flux and thus may 

affect the activity of Ca-dependent proteases. On the other hand, Riley et al. (2000) reported 

that grilled steaks from animals which received a linseed diet containing 114 g/kg feed during 

24 days before slaughter were juicier and more tender than steaks from control animals, when 

assessed by a trained taste panel, however, after rather extensive aging of the pork. Similarly, 

tenderness of grilled loin chops from pigs fed a rapeseed/fish oil diet was higher than from 

those fed a control diet, but scores for abnormal odour were also higher in the chops from pigs 

fed on rapeseed/fish oil (Leskanich et al. 1997). It therefore remains a matter of conjecture, 

whether an increased proportion of n-3 fatty acids in pork may detrimentally affect the meat 

texture and how such an effect could be attenuated. 

Fatty acid composition of LD, backfat and processed products 

While no significant differences in fat content of LD, bacon and air-dried ham were observed 

between treatments, a significant difference in the fatty acid composition was found. The most 

pronounced dietary effect was the higher content of ALA and of other n-3 fatty acids in meat 

and processed products from pigs fattened on the linseed diet. In particular, EPA and DPA 

were higher, but DHA was not significantly affected in LD, air-dried bacon and ham. These 

results are in agreement with other studies in which considerably higher ALA, EPA and DPA 

values in muscle and adipose tissue of linseed fed animals were observed, but DHA values 
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remained similar to control (Kouba et al. 2003; Riley et al. 2000; Ahn et al. 1996). Obviously, 

neither whole nor crushed or extruded linseed, regardless of amount and duration of 

supplementation could increase DHA in muscle or adipose tissue.  

There were differences in the degree of incorporation of PUFA, most of all ALA and other n-

3 long chain PUFA, into backfat and belly, respectively. Specifically, ALA content in lard 

extracted from backfat of pigs fattened on the linseed supplemented diet was considerably 

higher than ALA content in bacon (4.33 vs. 2.56 g/100g of total FAME, respectively).  

Another and evidently more effective way of increasing LC n-3 fatty acids in meat products 

has been shown in terms of feeding LC-PUFA (Jaturasitha et al. 2002) or directly adding 

them during processing of meat products (Muguerza et al. 2004). Fish oil extract rich in LC n-

3 fatty acids added to dry fermented sausages during manufacturing procedure increased EPA 

as well as DHA and decreased the n-6/n-3 ratio, but at the same time decreased the oxidative 

stability of the sausages (Muguerza et al. 2004). Unfortunately, no sensory analysis was 

performed with these dry fermented sausages. It is known, that already a low level (about 10-

30 mg/kg diet) of fish oil incorporation into foodstuffs can lead to off-flavours and malodours 

(Sheard et al. 2000) and it has been shown, that pork and particularly processed pork products 

from pigs fed tuna oil were ranked lower in several sensory attributes (Jaturasitha et al. 2002). 

However, increasing LC n-3 PUFA in meat and fat by feeding extruded linseed to pigs 

represents a natural way of fortifying traditionally consumed processed products. That could 

be achieved by a relatively low magnitude supplementation (0.56 %) of ALA in the feed, 

exerting clear changes in ALA, EPA and DPA content in meat and meat products, but the 

DHA content remained constant. Nevertheless, it improves the contribution of meat, as 

another important source beside marine sources and eggs, to the supply with LC n-3 fatty 

acids. Fish resources are limited and should be protected, whereas an animal organism can be 

readily used as converter of ingested ALA from feed. This conversion, however, is obviously 

restricted to EPA and DPA. The level of currently consumed n-3 LC PUFA in western 

populations is considered inadequate, resulting in a rather high n-6/n-3 ratio of about 8:1 

(Meyer et al., 2003). General recommendations of increasing n-3 PUFA in the daily supply 

and decreasing of n-6/n-3 ratio could be followed by consuming foods fortified with n-3 

PUFA. 



CHAPTER 2 

- 44 - 

Oxidative stability and firmness of backfat and bacon  

In comparison with other studies (Romans et al. 1995; Riley et al. 2000; Matthews et al. 

2000) we added a rather moderate amount of linseed to the diet of the experimental group, 

which, nevertheless, resulted in a measurable decrease of the oxidative stability and firmness 

of lard. These results are consistent with findings of Ahn et al. (1996) and Kouba et al. (2003) 

who reported that TBARS values in meat from pigs fed the linseed diet were higher than in 

meat from pigs fed the control diet. However, the amount of ALA supplementation in our 

study (0.56 %) lay even under the lowest level (1.5 %) of ALA in study of Ahn et al. (1996). 

It has been reported that PUFA from the diet partly replace MUFA in the backfat and 

decreased the firmness of backfat and lard made thereof (Enser et al. 1984; Gläser et al. 

2004). However, despite lower oxidative stability and lard firmness which were measured 

analytically in backfat, no significant quality deterioration of meat products was found in 

terms of sensory ratings. The bacon firmness measurement showed also no significant 

differences between linseed and control treatment. The fatty acid composition of bacon may 

not be the only important factor for firmness of bacon. Other factors like collagen content and 

thickness of the belly might also influence the firmness measurement (Gläser et al. 2004).  

Paired sensory comparison tests 

The sensory evaluation was applied to cured bacon and air-dried ham to detect any taste 

aberrations of these products, manufactured from meat and fat enriched with LC n-3 fatty 

acids. The paired sensory test is a rather sensitive method in terms of detecting qualitative 

differences (Lawless and Heymann 1997). Evidently, consumers in our study detected more 

differences in bacon than in air-dried ham. Because the processed products originated from 

individual animals, a certain confounding between treatment and individual animal effects can 

therefore not be excluded. The fact that both most preferred samples of ham and bacon 

originated from the same animal supports this assumption. The fat content of bacon and fat 

proportion in air-dried ham were not related to preference. However, the results of the paired 

sensory tests showed that processed products slightly enriched with n-3 PUFA in general 

might be accepted by consumers. Weill et al. (2002) found that the hedonic test was even in 

favour of butter, eggs and meat originated from pigs fattened on a linseed diet, with repeated 

but not significant preference for the linseed-fed animal products. We observed that some 

consumers removed the fat trim of air-dried ham before testing. This indicates that the visual 

factors (fat/lean proportion), as well as the taste of the samples are important for the 
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judgement of consumers. In a study of Ahn et al. (1996) sensory properties of fresh roasted 

loins were also not significantly affected by a dietary supplementation with ALA in 

concentrations as high as 1.5, 2.5 and 3.5 %, but sensory scores decreased clearly with 

increasing amounts of dietary ALA when the meat was loosely packaged. Perhaps packaging 

under special conditions would be necessary for these products. In a sensory test conducted by 

Sheard et al. (2000) no significant diet effect on fat odour, flavour of lean meat or hedonic 

scores of grilled bacon is reported. Another study of Matthews et al. (2000) conducted on pigs 

fed 0, 50 and 100 g / kg linseed, respectively, showed no marked effect on sensory traits of 

chops from pigs fed the different diets.  

Conclusions 

Expected effects of a linseed diet on lard such as lower oxidative stability and fat firmness 

were detected analytically, but the extent of these changes seemed to be only of low practical 

relevance, because no consistent evidence on sensory aberration in processed and air-dried 

meat products was observed. It therefore seems possible to use pork and backfat slightly 

enriched with n-3 PUFA also for the production of meat products. Offer and supply with such 

products is desirable in terms of nutritive value, even though the contribution to the total n-3 

fatty acid supply remains restricted to n-3 fatty acids up to DPA but not including DHA. It 

will nevertheless help to decrease the n-6/n-3 ratio of the diet without necessarily changing 

dietary habits. Further investigations should examine if a potentially decreased tenderness of 

pork may lead to quality problems, if flavour aberrations could be perceived by sensitive 

consumers, and if the shelf live of such meat products may be affected. 
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Abstract 

The aim of this study was to determine the optimal conjugated linoleic acid (CLA) feeding 

duration in terms of effects on growth performance, body composition and meat and fat 

quality of finishing pigs. Forty Large White pigs from 10 litters (2 females and 2 castrated 

males per litter) were allocated to five experimental groups, balanced according to gender, 

litter and weight. Four groups received a diet containing 0.5 % CLA from 45, 60, 75 or 90 kg 

body mass and a fifth group the control diet only. In the control diet, CLA was replaced by 

palm oil. Growth performance, feed conversion efficiency and lean percentage of carcasses 

were not affected by duration of CLA feeding. Linear and significant correlations towards a 

higher proportion of saturated fatty acids (r2=0.52) and a decreased proportion of 

monounsaturated fatty acids (r2=0.81) with increased exposure to CLA were observed in 

backfat. The trans-10, cis-12 isomer was incorporated to a lower degree than the cis-9, trans-

11 isomer, despite equal amounts in the diet. Lard firmness increased with duration of CLA 

feeding, but only lard from animals that received CLA from 45 or 60 kg was significantly 

firmer than control (p<0.05). The oxidative stability of lard decreased linearly with duration 

of feeding CLA.  

Introduction 

Conjugated linoleic acid (CLA) refers to a family of several positional and geometric isomers 

of linoleic acid (cis-9, cis-12-18:2n-6, LA) in which one or both of the conjugated double 

bonds are either in cis or the trans configuration and transposed in different positions along 

the acyl chain. CLA is formed by biohydrogenation in tissues of ruminant animals. The 

naturally occurring CLA isomers are different from CLA in commercially produced mixes of 

CLA that have been mostly used as testing material for cancer, atherosclerosis, growth and 

diabetes experiments (McGuire and McGuire 2000). Meanwhile, CLA has become an 

interesting feed supplement in animal nutrition. It is known that the effects of CLA on 

adipogenesis and lipid metabolism in animals are isomer-, dose-, time- and species-dependent 

(Evans et al. 2002). The two main isomers which are often used in feeding experiments exert 

different effects: cis-9, trans-11 CLA isomer enhances growth and feed efficiency in young 

rodents, trans-10, cis-12 isomer is responsible for the changes in body composition (Park et 

al. 1999) and both isomers act together to induce an effect cancer prevention (Pariza 2004). 

There is some concern about use of synthetic CLA mixtures in animal nutrition (AFSSA 

2005). Particularly to the trans-10, cis-12 isomer detrimental effects have been attributed 
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(Belury 2002; Wahle et al. 2004). Furthermore, the effects in terms of enhancing feed 

conversion efficiency and proportion of lean in the pig carcasses are not always consistent 

(Dugan et al. 2001; Ramsay et al. 2001; Dugan et al. 1997). Additionally, it has been 

described that mixes of CLA isomers alter the fatty acid composition of various tissues in 

terms of a higher SFA and lower MUFA proportion (Tischendorf et al. 2002; Poulos et al. 

2004), which result in higher backfat (Scheeder et al. 2004) and belly firmness (O'Quinn et al. 

2000). This effect is desirable for the processing of meat products and makes CLA 

supplementation to finishing pigs of potential value. From a human nutrition view this effect 

must be questioned, because SFA are still considered as potential health risk factors. The 

objective of this study was to investigate optimal feeding duration to achieve enhanced fat 

firmness and favorable oxidative stability and to determine the growth performance and body 

composition in finishing pigs fed CLA.  

Materials and methods 

Experimental animals and feed composition 

A total of 40 Large White pigs from 10 litters (2 females and 2 castrated males per litter) were 

allocated to five experimental groups, balanced according to gender, litter and weight in order 

to avoid any confounding between dietary treatment and genetic origin. Beside the control 

group, which received the control diet only, the four other experimental groups received a diet 

containing 0.5 % CLA-oil from the time on, when they reached 45, 60, 75 or 90 kg body 

mass. The animals from the control group received the control diet only. In the control diet, 

CLA was replaced by palm oil. The nutrient content and fatty acid composition of 

experimental diets is given in Table 15. The animals were kept in individual pens on slatted 

floor. Feed and water were ad libitum accessible during the whole fattening period. 

Sampling procedures 

The animals were fattened and slaughtered in the Swiss Pig Performance Testing Station 

(MLP) in Sempach, Switzerland. The carcass dissection procedure was carried out according 

to the MLP cutting standard (Rebsamen et al. 1995). The carcasses were split in halves and 

chilled at 0 °C for a period of 24 h prior to dissection of the left carcass side. A 3 cm stripe of 

backfat along the split line was taken from each animal.  
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Table 15 Analysed nutrient content and fatty acid composition of experimental diets (g/100g 
FAME*) 

Treatment Control CLA 
Crude protein  [g/kg] 175 174 
Crude fat [g/kg]   31   34 
Crude ash [g/kg]   48   49 
Crude fibre [g/kg]   49   49 
Digestible energy [MJ/kg]     13.2      13.2 
SFA     25.9      20.5 
  12:0         0.16          0.05 
  14:0         0.45          0.24 
  16:0     21.3      15.9 
  18:0       2.8          3.19 
  20:0         0.33          0.32 
  22:0         0.26          0.27 
  24:0       0.2          0.19 
   
MUFA     23.7      21.9 
  16:1         0.49          0.54 
  18:1     21.9      20.1 
  20:1         0.59          0.52 
  22:1         0.56        0.6 
   
PUFA      51.2     58.3 
 18:2n-6      45.2     42.1 

 18:3n-3         5.13        4.72 
 18:2 cis-9,trans-11         0.17        5.53 
 18:2 trans-10, cis-12         0.16      5.4 
   
g FAME / kg feed      26.27     26.22 
 18:2 cis-9,trans-11        0.05       1.45 
 18:2 trans-10, cis-12        0.04       1.42 

FAME* = fatty acid methyl ester 

Meat samples of m. longissimus dorsi (LD; 10-13 rib) from each animal were collected during 

carcass cutting. The muscle samples were trimmed off external fat and connective tissues. 

Two slices (2.5 cm thick) were cut for colour and cooking loss measurements. From the stripe 

of backfat, the outer layer was separated and homogenised (Moulinette SE, Moulinex GmBH, 

Solingen, Germany), vacuum packed and stored at – 20 °C until analyses. 
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Analyses 

The pH measurements in LD were carried out 45 min (pH1) and 24 h (pH24) post mortem in 

the area of the 10th rib. Meat colour brightness was measured 24 h after slaughter in fresh 

sliced LD samples stored 1 h at 4 °C, using a spectral colorimeter (Minolta Chroma Meter 

300-CR, Minolta AG, Dietikon, Schwitzerland). Colour coordinates L (luminance), a 

(redness) and b (yellowness) were recorded. For cooking loss and texture measurements, 

slices packaged in plastic bags were placed in a 72 °C water bath for 60 min, cooled for 10 

min under running tap water. The cooking loss of the meat was calculated as difference 

between the fresh weight before frozen storage and the weight after cooking. Furthermore, six 

cores of 1.27 cm diameter were drilled out of the cooked slices from the LD parallel to the 

direction of the muscle fibres. The cores were sheared rectangular to the muscle fibre 

direction with a Warner-Bratzler shear device mounted on a texture analyser (TA-XT2, Stabel 

Micro Systems, Haslemere, Surrey, UK). Maximum shear force was recorded. 

Lipids of homogenised backfat were extracted with hexane/isopropanol (3:2, v/v). After an 

extraction time of 1 h, samples were filtered through a glass filter (55 mm, Schott Glas, 

Mainz, Germany) with 1 g celite 545 (Celite Corporation, Lompoc, California, USA) and the 

solvent was evaporated under vacuum. This extracted lard was transferred to 25 mm diameter 

vials for the determination of firmness. The lard firmness was measured with a texture 

analyser (TA-XT2, Stable Micro Systems, Haslemere, Surrey, UK) equipped with a 3.5 mm 

diameter punch in a CO2 cooled climate chamber at 0 °C, after the lard samples were melted 

for 45 min at 60 °C and recrystallised by controlled cooling from 50 °C to 0 °C during 660 

min. This process was repeated three times for each sample and the maximum force during 

the penetration to a depth of 15 mm was recorded. The oxidative stability of extracted lard 

was measured by means of Rancimat test at 110 °C and 20 l / h air flow (Rancimat 679, 

Metrohm AG, Herisau, Switzerland). 

Lipids of feed samples were extracted using accelerated solvent extraction ASE 200 (Dionex 

Corp. Sunnyvale, USA). The fatty acid profile was determined after transformation of fatty 

acid methyl esters according to the IUPAC method 2.301 (IUPAC 1987). The intramuscular 

fat of LD was extracted and separated into neutral lipids and phospholipids (Kaluzny et al. 

1985). 

The fatty acid compositions of feed samples, LD and lard were analysed using an HP 6890 

gas chromatograph (Hewlett-Packard, Avondale, PA, USA) equipped with a SupelcowaxTM – 
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10 column (Supelco Inc., Bellefonte, PA, USA) and quantified with the Chemstation software 

(HP Chemstation A.04.01 Hewlett-Packard, Pennsylvania, USA). 

Statistical analysis 

Statistical analysis was carried out with the Statistical Analysis System (SAS, Release 8 for 

Windows TM, SAS Institute, Cary, NC, USA). Analyses of variance were performed with 

feeding treatment, gender and their potential interaction. Linear contrasts were calculated to 

test for a linear relationship between duration of CLA feeding and the measured 

characteristics.  

Results 

Growth performance and carcass characteristics 

Average live-weight and age of the animals allocated to the different feeding treatments were 

almost identical at the start of the experiment (Table 16). Growth performance and feed 

conversion efficiency were not affected by the duration of CLA feeding. 

The backfat thickness of animals with the longest duration of CLA feeding only tended to be 

lower than that of control animals. Similarly, no consistent effect on lean percentage was 

found. The liver weights did not differ between treatment groups.  
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Table 16 Growth performance and carcass characteristics from pigs fattened on a control or 
CLA diet 

Treatment [kg] 45 60 75 90 Control SE 
P for 
treat. 

Linear 
contrast 

Live-weight [kg] at         
start of experiment   29.7   29.2   29.6   29.5 29  0.20 0.225 0.127 
end of experiment 103.9 104.9 104.2 104.1 106.4  1.49 0.749 0.378 
Age at start of 
experiment [d]   98 100   97   98   99  1.00 0.238 0.714 
Age at end of 
experiment [d] 177 185 180 182 185  2.62 0.193 0.135 
Daily live weight gain 
 [g] 963 896 945 909 919 27.35 0.428 0.389 
Feed conversion ratio 
[kg/kg]    2.8    2.8    2.8    2.9    2.7  0.07 0.410 0.276 
Backfat thickness, 
croup [cm]    1.2    1.3    1.2    1.4    1.5  0.12 0.200 0.033 
Backfat thickness,  
back [cm]    1.7    1.6    1.7    1.8    1.8  0.11 0.641 0.275 
Backfat thickness 
(FOM) [mm]   15.3   15.1   15.1   16.2   15.4  0.66 0.757 0.581 
Superficial fat [%]   12.0   12.3   11.7   12.3   12.6  0.44 0.697 0.413 
Prime cuts * [%]   57.1   56.5   57.2   56.8   56.5  0.66 0.907 0.598 
MFA FOM   54.4   54.9   55.3   54.0   54.3  0.54 0.430 0.475 
Liver [g] 1849 1680 1826 1803 1737 79.9 0.575 0.700 

*Total weight of trimmed loin, ham and shoulder as percentage of carcass weight 

Physiochemical meat quality traits  

Meat quality in terms of pH, colour, cooking loss and meat texture was not affected by 

duration of CLA feeding (Table 17). The intramuscular fat content was only numerically 

higher in the LD of CLA fed animals. 
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Table 17 Physiochemical meat quality characteristics of longissimus muscle of growing 
finishing pigs fattened on a control or CLA diet 

Treatment [kg] 45 60 75 90 Control SE 
P for 
treat. 

Linear 
contrast 

pH-Value 45 min p.m.   6.3   6.2   6.3   6.3   6.4 0.05 0.335 0.070 
pH-Value 24 h p.m.   5.5   5.4   5.5   5.4   5.5 0.02 0.468 0.749 
Colour [H30] 30.3 29.5 32.8 32.6 29.7 0.89 0.034 0.547 
Colour brightness [L] 52.4 53.1 52.7 52.9 53.3 0.65 0.865 0.436 
Redness [a]   8.1   7.9   7.9   8.5   8.3 0.34 0.678 0.433 
Yellowness [b]   6.2  6.3   6.0   6.5   6.5 0.31 0.794 0.472 
Cooking loss [%] 28.8 27.3 28.1 28.3 25.0 1.32 0.323 0.123 
Max. shear force [N] 60.9 60.9 61.3 55.3 60.8 3.31 0.625 0.569 
Intramuscular fat 
content [%]   2.2   2.1   1.9   2.0   1.9 0.22 0.912 0.414 

Fatty acid composition of m. longissimus dorsi 

No significant effect of CLA feeding on the amount of NL in the LD was observed (Table 

18). The period of feeding CLA significantly affected the proportion of saturated fatty acids 

(SFA), which increased at the expense to monounsaturated fatty acids (MUFA). In the group 

of SFA, 14:0 and 16:0 increased significantly in LD of animals fed CLA, whereas the 18:0 

increased only in tendency. The proportion of 18:1 decreased (p<0.001) in contrast to the 

proportion of 16:1, which increased with the duration of CLA feeding. The amount of total 

PUFA in neutral lipids was not significantly affected, but some PUFA, particularly 

arachidonic acid (20:4n-6) (p=0.006), significantly decreased with increased duration of CLA 

feeding. The proportions of cis-9, trans-11 and trans-10, cis-12 CLA isomers increased 

linearly with period of CLA feeding. However, the trans-10, cis-12 CLA isomer was 

incorporated to a considerably lower degree than the cis-9, trans-11 isomer. The same effect 

of a differing isomer incorporation was also seen in the composition of phospholipids (Table 

19). The proportions of both CLA isomers in phospholipids were higher than in neutral lipids. 

Similar to the neutral lipids, there was a trend of increasing SFA, but here particularly 18:0 

increased significantly, whereas the proportion of MUFA (16:1 and 18:1) decreased during 

feeding CLA. There was a linear trend of increasing PUFA proportion with duration of CLA 

feeding due to linoleic acid and CLA, although linoleic acid (18:2n-6) increased only 

numerically and arachidonic acid 20:4n-6 and adrenic acid 22:4n-6 even decreased. The n-3 

fatty acids were unaffected in LD. 
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Table 18 Fatty acid composition of neutral lipids in m. longissimus dorsi (g per 100g total 
FAME*) from pigs fattened on a control or CLA diet 

Treatment [kg] 45 60 75 90 Control SE 
P for 
treat. 

Linear 
contrast 

Content of neutral lipids 
[g/100g muscle]   1.6   1.6   1.3   1.4   1.2 0.24 0.762 0.238 
 SFA 42.3 41.9 40.3 39.7 38.0 0.60 0.0002 <.0001 
 14:0   1.7 1.6  1.5   1.5   1.4 0.04 <.0001 <.0001 
 16:0 27.3 26.2 25.2 25.1 24.0 0.38 <.0001 <.0001 
 18:0  12.7 13.6 13.1 12.6 12.0 0.41 0.133 0.080 
         
 MUFA 52.2 52.8 54.2 54.8 56.0 0.55 0.0003 <.0001 
 16:1   5.0  4.2  3.9  4.0  3.7 0.21 0.002 0.0003 
 18:1 46.3 47.7 49.2 49.8 51.2 0.50 <.0001 <.0001 
         
 PUFA   5.5 5.2 5.6 5.5 6.0 0.271 0.422 0.160 
 18:2n-6   3.8 3.7 4.0 3.9 4.4 0.217 0.201 0.050 
 20:2n-6  0.18  0.19  0.18  0.19  0.23 0.018 0.364 0.140 
 20:4n-6  0.14  0.15  0.16  0.18  0.19 0.010 0.006 0.0003 
 18:3n-3  0.30  0.28  0.30  0.30  0.34 0.017 0.215 0.070 
 22:6n-3  0.07  0.06  0.07  0.08  0.07 0.005 0.341 0.291 
         
 18:2 cis-9,trans-11 0.32 0.26 0.24 0.18 0.12 0.009 <.0001 <.0001 
 18:2 trans-10,cis-12 0.08 0.06 0.05 0.03 0.002 0.004 <.0001 <.0001 

FAME* = fatty acid methyl ester 

The fatty acid composition of backfat, lard firmness and oxidative stability  

Linear and significant trends to a higher proportion of SFA (p<0.001) and decreased 

proportion of MUFA (p<0.001) with increased exposure to CLA were observed in backfat 

(Table 20). Within the group of MUFA, no effect on the proportion of 17:1 occurred, whereas 

the proportion of 16:1 even increased slightly (p=0.092). The significant decrease of 18:1n-9 

caused an overall decrease of MUFA in backfat. Conversely, the content of 16:0 and 18:0 

increased proportionally within the SFA group, significantly and linear with duration of CLA 

feeding. Interestingly, the proportion of PUFA in backfat even increased linearly with 

duration of CLA feeding. 18:2n-6 increased slightly, whereas 20:4n-6 decreased with 

exposure time to CLA (p=0.025). The proportion of both CLA isomers increased significantly 

with extended periods of CLA feeding, with the trans-10, cis-12 CLA isomer having been 

incorporated to a lower extent than the cis-9, trans-11 isomer, despite both isomers being 

supplied at equal amounts (Table 15). 
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Table 19 Fatty acid composition of phospholipids in m. longissimus dorsi (g per 100g total 
FAME*) from pigs fattened on a control or CLA diet 

Treatment [kg] 45 60 75 90 Control SE 
P for 
treat. 

Linear 
contrast 

Content of 
phospholipids [g/100g 
muscle] 

  
0.31 0.31 0.31 0.31 0.31 0.01 0.967 0.963 

 SFA 31.7 31.9 31.5 31.1 30.7 0.19 0.001 <.0001 
 16:0 21.6 21.4 21.7 21.4 21.3 0.27 0.757 0.417 
 18:0   8.6   9.0   8.4   8.4   8.0 0.17 0.003 0.001 
         
 MUFA 20.2 19.7 20.6 21.8 22.4 0.49 0.003 0.0003 
 16:1   1.9   1.6   1.7   1.7  2.2 0.12 0.021 0.040 
 18:1 17.8 17.5 18.2 19.5 19.6 0.41 0.003 0.0003 
         
 PUFA 48.0 48.4 48.0 47.1 47.0 0.52 0.248 0.047 
 18:2n-6 30.0 29.9 29.7 29.1 28.8 0.54 0.423 0.067 
 20:2n-6   0.4 0.4  0.4   0.4   0.4 0.01 0.504 0.611 
 20:3n-6   1.0 1.1  1.1   1.1  1.2 0.03 0.003 0.0004 
 20:4n-6   7.1 7.5  7.4   7.6  8.0 0.27 0.253 0.038 
 22:4n-6 0.79 0.75  0.82 0.92  0.84 0.05 0.113 0.038 
 18:3n-3 0.94 0.82  0.92 0.89  0.78 0.05 0.081 0.076 
 20:5n-3   1.4 1.5  1.4   1.3  1.4 0.07 0.240 0.152 
 22:5n-3   2.1 2.1  2.1  2.0  2.0 0.07 0.570 0.149 
 22:6n-3 1.60 1.73 1.60 1.33 1.51 0.11 0.175 0.120 
         
18:2 cis-9,trans-11 0.55 0.45 0.43 0.36 0.08 0.016 <.0001 <.0001 
18:2 trans-10,cis-12 0.21 0.18 0.18 0.17 0.04 0.015 <.0001 <.0001 

FAME* = fatty acid methyl ester 
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Table 20 Fatty acid composition of backfat (g per 100 g of total FAME*), fat firmness and 
oxidative stability of lard from pigs fattened on a control or CLA diet 

Treatment [kg] 45 60 75 90 Control SE 
P for 
treat. 

Linear 
contrast 

 SFA 45.9 43.7 43.2 41.7 39.7 0.56 <.0001 <.0001 
 12:0   0.1   0.1   0.1   0.1   0.1 0.004 <.0001 <.0001 
 14:0   2.1   1.8   1.6   1.5   1.3 0.07 <.0001 <.0001 
 16:0 26.2 24.8 23.9 24.2 23.6 0.50 0.011 0.001 
 17:0   0.4   0.4   0.3   0.3   0.3 0.02 0.145 0.013 
 18:0 16.6 16.2 16.8 15.2 14.0 0.39 0.0002 <.0001 
 20:0   0.2   0.2   0.2   0.2   0.2 0.01 0.029 0.063 
         
 MUFA 37.5 39.5 41.1 42.7 45.9 0.52 <.0001 <.0001 
 16:1   2.8  2.6   2.4   2.6   2.4 0.12 0.092 0.037 
 17:1   0.3  0.3   0.3   0.3   0.3 0.02 0.780 0.631 
 18:1n-9 31.1 33.3 35.2 36.5 39.7 0.55 <.0001 <.0001 
 20:1   0.8   0.8   0.9   0.8   1.0 0.03 0.051 0.033 
         
 PUFA 16.7 16.8 15.7 15.5 14.4 0.451 0.007 0.001 
 18:2n-6 12.7 13.0 12.3 12.4 11.8 0.354 0.196 0.042 
 20:4n-6 0.18 0.20   0.19 0.23 0.23 0.011 0.025 0.003 
 22:4n-6 0.06 0.06 0.06 0.07 0.07 0.003 0.319 0.072 
 18:3n-3 1.07 1.10 1.04 1.05 1.01 0.036 0.551 0.182 
 20:4n-3 0.05 0.05 0.05 0.06 0.05 0.003 0.028 0.020 
 20:5n-3 0.05 0.06 0.05 0.06 0.05 0.009 0.357 0.601 
 22:5n-3 0.16 0.17 0.15 0.17 0.17 0.009 0.322 0.237 
 22:6n-3 0.09 0.10 0.10 0.12 0.13 0.012 0.146 0.013 
         
 18:2 cis-9,trans-11 1.0 0.9 0.7 0.5 0.2 0.026 <.0001 <.0001 
 18:2 trans-10,cis-12 0.5 0.4 0.3 0.2 0.006 0.018 <.0001 <.0001 
         
Fat firmness [N] 4.7 3.4 3.3 2.8 2.7 - <.0001 <.0001 
Oxidative stability [h] 2.7 3.5 4.3 4.5 4.9 - 0.0004 <.0001 

FAME* = fatty acid methyl ester 

Concomitantly with the saturated/unsaturated ratio, the lard firmness increased with the 

duration of CLA feeding (Table 20), but only lard from animals that received CLA from 45 

and 60 kg live-weight on was significantly firmer than control (p<0.05) (Fig.2). Feeding from 

75 kg only resulted in a trend to higher firmness (p=0.063), whilst feeding from 90 kg did not 

show any effect on lard firmness (p=0.9). The oxidative stability of lard decreased linearly 

with duration of feeding CLA (Fig.3). 
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Fig. 2 Correlation between duration of CLA feeding and fat firmness (p-values for H0: mean 
of treatment =  mean of control) 
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Fig. 3 Correlation between duration of CLA feeding and oxidative stability of lard (p-values 
for H0: mean of treatment =  mean of control) 
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Discussion 

Growth performance and carcass characteristics 

Dietary CLA supplementation has been reported to enhance feed conversion efficiency and 

proportion of lean in the carcasses (Thiel-Cooper et al. 2001; Gatlin et al. 2002). It has been 

reported that daily gain and feed efficiency improved with 2 or 4 % of dietary CLA in 6 

weeks feeding period (Sun et al. 2004). Ostrowska et al (1999) found a linear reduction of 

feed intake and increased feed conversion efficiency by 1.25, 2.5, 5, 7.5 or 10 % of dietary 

CLA, particularly over the first 4 weeks of the experiment. This was a great dose-difference in 

comparison to 0.5 % CLA supplementation in our study. Further, the whole body fat content 

of finishing female pigs fed diets supplemented with CLA decreased linearly with increasing 

level of dietary CLA (Ostrowska et al. 1999). Our results, in contrast, showed no effect on 

feed conversion efficiency and carcass composition, which is consistent with our earlier 

findings (Scheeder et al. 2002). No effect of CLA on the feed efficiency by feeding 1 % of 

CLA to pigs with lean genotype could be shown (Eggert et al. 2001), but the duration of 

supplementation was not so long as in the study of Thiel-Cooper et al. (2001) who found 

improved feed conversion and lean proportion in lean genotype gilts supplemented 0.12, 0.25, 

0.5 and 1 % CLA. These contradictory results may lay more on the duration and the dose of 

CLA supplemented to the pigs than on the genotype of pigs used in the experiment. 

We observed no effect of CLA feeding on backfat thickness. Only manually measured backfat 

thickness in croup area tended to be reduced in pigs with the longest CLA feeding period. In 

contrast to our results, a decreased thickness of the outer backfat layer, but no effect on the 

inner layer or the overall 10th rib fat depth was reported in pigs fed 1% CLA oil (Carroll et al. 

1999). 

CLA seems to have a special effect on rodents, where female mice may be more responsive to 

CLA supplementation than male mice. The increased liver weight was reported due to 

hypertrophy in CLA fed hamsters and lower incorporation of trans-10, cis-12 CLA isomer 

into liver phospholipids (de Deckere et al. 1999). It was found that CLA may induce 

peroxisome proliferation in mice and consequently hypertrophy of the liver (Belury and 

Kempa-Steczko 1997). Moreover, the trans-10, cis-12 CLA isomer caused hyperinsulinemia 

and fatty liver in the mice (Clement et al. 2002). In our study we did not observe any changes 

of liver mass in pigs fed CLA isomers.  
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Physiochemical meat quality traits 

We observed no negative effects of CLA feeding on meat quality characteristics. Meat pH 

values were in beneficial range and no detrimental effects in terms of PSE or DFD meat could 

be measured. However, we found a significant treatment effect on colour brightness (H3O), 

and after colour traits showed no effect at all, there was no linear relation to duration of CLA 

feeding. The shear force of the LD samples was not affected by CLA feeding. Other authors 

reported higher marbling scores and greater intramuscular fat levels (Dugan et al. 1999) and 

higher firmness of LD (Wiegand et al. 2001) with CLA feeding.  

Genetics is an important factor of meat quality as well and the protein accretion rate is already 

high in pigs with lean genotype so the further improvement by CLA feeding has not been 

expected in our experiment. 

The fatty acid composition of LD and backfat 

Generally, the proportion of SFA in LD muscle and in backfat increased at the expense of 

MUFA with increasing CLA feeding duration. This effect was less pronounced in LD than in 

backfat. At the same time, there was an increasing trend of both 16:0 and 18:0 and the level of 

18:1 decreased linearly in LD and in backfat.  In contrast, 16:1 acid even increased in backfat 

and neutral lipids with duration of CLA feeding. Evidently CLA in feed hat no effect on 

desaturation of palmitic acid to palmitoleic in contrast to lower amount of oleic acid, which 

suggests that the ∆-9 desaturase activity was inhibited. It is known that feeding CLA reduces 

the desaturase activity (Smith et al. 2002) and the trans-10, cis-12 CLA isomer is a most 

potent inhibitor of ∆-9 desaturase activity (Park et al. 2000).  

Surprisingly, PUFA proportion increased slightly in backfat and in phospholipids of LD, but 

not in neutral lipids. This increase could be attributed to linoleic acid and CLA, whereas 

arachidonic acid and other C20 and C22 n-6 PUFA showed decreasing trends with duration of 

CLA feeding in neutral lipids and also phospholipids, which exhibit considerably higher 

amounts of PUFA. Interestingly, the amount of n-3 PUFA in the phospholipid fraction even 

increased slightly during CLA feeding. Other authors, in contrast,  reported decreased total 

PUFA in backfat of weaned pigs (Bee 2000; Demaree et al. 2002). On the other hand, some 

conjugated isomers of linoleic acid may be converted into unusual polyunsaturated fatty acid 

isomers like 20:3 and 20:4, indicating that CLA can take a part in desaturation and chain-

elongation pathways (Sebedio et al. 1997). It was also reported recently, that CLA isomers are 

able to replace n-6 and n-3 fatty acids from various tissues (Kelley et al. 2006). The lower n-
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6/n-3 ratio could be found in pork from pigs fed 2 % CLA in comparison  to control pork 

(Migdal et al. 2004).  

In the present study, proportions of cis-9, trans-11 and trans-10, cis-12 CLA isomers in 

backfat and LD lipids increased linearly with CLA-feeding duration. Greater amounts of CLA 

isomers were incorporated in phospholipids than in the neutral lipids, but still less than in 

backfat. Although both CLA isomers were supplied equally, considerably lower amount of 

trans-10, cis-12 isomer could be found in backfat. The amount of trans-10, cis-12 CLA 

isomer in LD could be considered as negligible in comparison to backfat.  

However, the lower concentration of trans-10, cis-12 isomer in meat from CLA fed animals 

could be considered as food safety issue for potential human consumption, because in 

comparison to naturally occurring CLA in meat from ruminant animals, content of trans CLA 

in pork is distinctly lower (Fritsche and Steinhart 1998). The CLA effect in terms of reduction 

of arachidonic acid (20:4n-6) content in backfat and meat and better n-6/n-3 ratio contributes 

to improved dietetic value of pork. It is widely accepted that decreasing the n-6/n-3 ratio in 

the human diet is advantageous for health on account of already high intake of n-6 fatty acids 

in daily Western diet (Meyer et al. 2003). 

Firmness and oxidative stability of lard 

We were particularly interested in determining the lard firmness and its oxidative stability. It 

is known for long time, that the lard firmness is strongly affected by the fatty acid 

composition (Gläser et al. 2004). Dietary supplementation of CLA to pigs, although CLA is 

PUFA, causes an alteration of fat composition in terms of a higher SFA proportion at the 

expense of MUFA and this leads to a higher fat firmness. The best improvement of fat 

firmness could be achieved only when CLA feeding proceeded from 45 kg live-weight of pigs 

on, whereas the start of feeding at 60 kg live-weight seems to be the limitation for 

significantly firmer fat in comparison with control. It is obvious, that CLA must be 

supplemented in particular periods and doses to obtain desirable effects on backfat firmness, 

but these effects are somehow delayed due to synthesis and lipid turn-over transformation in 

adipose tissue (Evans et al. 2002).  

Surprisingly, we found a decreasing oxidative stability with duration of CLA feeding. We 

rather expected lower oxidation affinity with increasing fat firmness and more saturated fat. In 

contrast to our investigation, higher melting points of adipose lipids, it means a higher 

oxidative stability of lard in young, not finishing pigs were found after 5 weeks feeding 1.5 % 
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of CLA (King et al. 2004). The higher oxidative stability could be observed also in LD 

muscle from heavy pigs fed 0.5 % CLA and slaughtered at 172 kg of body weight (Corino et 

al. 2003). The improved lipid oxidation stability was reported even after 7 days storage of 

pork loin from pigs fed 1, 2.5 or 5 % CLA for 4 weeks (Joo et al. 2002). 

 Evidently, the incorporated CLA in our experiment acted like other PUFA in terms of higher 

susceptibility to the fat oxidation. The addition of antioxidants e.g. vitamin E to the feed could 

prevent the affinity to oxidative reactions and also improve the quality of processed meat 

products in terms of better oxidative stability. 

Conclusions 

In conclusion, the observations about detrimental effects of CLA and especially the trans-10, 

cis-12 CLA isomer need to be assessed critically. Nevertheless, the supplementation of 0.5 % 

CLA is an efficient tool to modify the fatty acid composition of adipose tissue in pigs.  

The optimal feeding duration to achieve the most improved fat firmness must proceed from 

45 kg live-weight of pigs on. The start of CLA supplementation at 60 kg live-weight is 

limiting for fat significantly firmer than control fat. Moreover, the oxidative stability 

decreased with duration of CLA feeding. The lard from pigs fed CLA from 45 and 60 kg live-

weight on showed significantly higher oxidative affinity than other supplementation groups 

and control. 

It remains to examine options of the sustainability of CLA efficiency in terms of feeding CLA 

in some exact period during fattening and break up the supplementation in sufficient time 

before slaughter while retaining improved meat and fat quality, backfat firmness and 

oxidative stability. Other experiments are necessary to prove optimized feeding duration and 

the best feeding period of CLA isomers during fattening. 
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ALA conversion to very long-chain PUFA 

The pathway converting ALA to very long-chain n-3 PUFA was elucidated mostly in rat liver 

microsomes. The first step, a ∆-6 desaturation, is widely considered to be the rate limiting 

step of ALA conversion. Linoleic acid, the “parent” PUFA of the n-6 fatty acid family, is also 

desaturated by ∆-6 desaturase to 18:3n-6. LA and ALA compete for ∆-6 desaturase and high 

intakes of LA in the diet inhibit the conversion of ALA. Conversely, high intakes of ALA 

inhibit LA desaturation. For all that, balanced intake of n-3 and n-6 fatty acid families is 

important. 

The desaturases contain iron and are the terminal part of the electron transport chain. Thus, 

iron and zinc deficiency impair synthesis of very LC PUFA (Cunnane 2003). A variety of 

nutritional, metabolic and endocrine interferences affect their activity and hence the 

conversion of ALA to very LC n-3 PUFA (Cunnane 1995). The final stage of this pathway 

during which DPA is converted to DHA was for many years assumed to involve a simple 

desaturation by a putative ∆-4 desaturase. However, no proof of the existence of this enzyme 

in vertebrates has ever been found. Sprecher and colleagues demonstrated that the equivalent 

for ∆-4 desaturation occurred via chain elongation of 22:5n-3 to n-3 tetracosapentaenoic acid 

24:5n-3, subsequent ∆-6 desaturation to tetracosahexaenoic acid 24:6n-3 and finally 

shortening (or retroconversion step of peroxisomal β-oxidation) to 22:6n-3 (Voss et al. 1991). 

These steps apparently involve peroxisomes as obligatory organelles in the synthesis of DHA 

(Cunnane, 2003). An important point in this pathway is that the synthesis of DHA from DPA 

requires once again ∆-6 desaturase and there would be a direct competition with C18 fatty 

acids for access to this enzyme.  

This pathway was questioned by Infante and Huszagh (2001), which proposed, that the 

biosynthesis of 22:6n-3 and 22:5n-6 occurs via separate channeled mitochondrial pathways, 

which do involve a final ∆-4 desaturation step. According to their view mitochondria could be 

the sole site for 22:6n-3 synthesis, whereas other LC PUFA, 22:5n-6, 20:5n-3 and 20:4n-6 

could be synthesized in the endoplasmatic reticulum as well (Infante and Huszagh 2001) cited 

in Lauritzen et al. (2001).  
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The efficiency of ALA conversion in pig and humans 

The pig can provide a useful vehicle for increasing the supply of n-3 fatty acids in the human 

diet. When ALA is supplied to pigs in form of linseed or its oil, it is incorporated to the body 

tissues and converted to desirable LC n-3 PUFA, but only to a certain degree. The conversion 

of dietary ALA to long chain derivatives such as EPA and finally DPA in animal body is 

efficient, but the conversion does not work up to DHA, which would be the final step of this 

conversion (Riley et al. 2000; Kouba et al. 2003). The efficiency of ALA conversion to EPA 

and DPA in pig tissues could be explained by the simple kinetics of ALA to EPA and DPA 

synthesis in terms of desaturation and elongation steps. The lack of higher DHA conversion 

and incorporation into muscle and body lipids could be due to the competition of 24:5n-3 and 

18:3n-3 fatty acids for ∆-6 desaturase. Moreover, it is known from studies with rat liver 

microsomes that ALA is desaturated preferentially and that higher amounts of ALA inhibit 

the conversion of 24:5n-3 to DHA (Geiger et al. 1993). 

Studies generally agree that whole body conversion of ALA to DHA is below 5 % in humans, 

and depends on the concentration of n-6 fatty acids and LC PUFA in the diet. Tracer studies 

show that humans of all ages can perform the conversion of ALA to DHA. The fractional 

conversion of ALA to very LC PUFA is higher in woman than in men, which may be due to a 

regulatory effect of estrogen. A lower proportion of ALA is used for β-oxidation in women 

compared with men. The capacity to up-regulate ALA conversion in women may be 

important for meeting the demands of the fetus and neonate for DHA (Burdge and Calder 

2005). Overall, adequate intakes of preformed LC n-3 PUFA may be important for optimal 

tissue function and health. 

N-3 LC PUFA supply from fish and pork 

The nutritional authorities have recommended the consumption of fatty fish (mackerel, 

salmon and herring) 2-3 times a week, but to achieve the recommended daily intake of 0.5 % 

energy of EPA + DHA, we would need to eat 35 – 45 g of fresh Atlantic salmon daily 

(Pfeiffer 2001). Meyer et al. (2003) found in their study that females in Australia eat more 

fish (% of total energy) and obtain 74 % of LC n-3 PUFA from fish, whereas males obtain 68 

% of LC n-3 PUFA. However, a great proportion of people (not only in Australia) do not 

consume fish or seafood products at all. Another way to increase the consumption n-3 

PUFAcould be consumption of foods that have been fortified with n-3 PUFA. It is clear that 

the recommended daily supply of EPA and DHA could not be fully satisfied with meat and 
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meat products. Nevertheless, as meat may contribute around 20 % to the LC n-3 PUFA intake 

in a western type diet (Meyer et al, 2003), meat and meat products rich in n-3 LC PUFA could 

provide them even with a higher availability. In our study, we found 4-fold higher amount of 

ALA and 2-fold higher amount of EPA in meat, bacon and ham from pigs supplemented with 

linseed in the diet. In contrast, the DHA level was about the same in linseed and control loin, 

bacon and ham. 

Effect of PUFA on technological quality of meat and meat products 

On the one hand, n-3 PUFA enriched meat and meat products may provide beneficial n-3 LC 

PUFA to man without a change of dietary habits. On the other hand, higher amounts of PUFA 

are detrimental for the technological quality of meat products, because they markedly increase 

the oxidative potential of muscle and adipose tissue lipids. Moreover, the sensory quality is 

impaired by higher amounts of n-3 PUFA e.g. fishy flavour in dry-cured shoulder by dietary 

enrichment with DHA (Sarraga et al. 2007) or fishy taste in dry fermented sausages (Valencia 

et al. 2006b). Therefore, the addition of antioxidant components to feed (e.g. α-tocopherol) or 

to processed meat products (Hoz et al. 2004) is necessary to maintain the optimal shelf life 

quality of n-3 PUFA enriched meat products during the storage.  

The higher content of PUFA causes an undesirably soft consistency of adipose tissue, which 

makes backfat less suitable for production of meat products. This is one of the most striking 

conflicts in pig production arise from the contradictory demand of meat processors for firm 

lard and lean meat and of dieticians for fat low in saturated fatty acids and high in PUFA. 

Therefore, a controlling system has been developed in Switzerland, where fat quality is 

routinely measured in pig carcasses and plays part in payment system. A semi-automated 

online method to measure the amount of double bonds in backfat, the so called “fat score” 

(Fettzahl) has been established in Swiss slaughter plants. The fat score of 62 is the current 

threshold for tolerable fat quality and price reductions will be applied by exceeding of this 

limit. In our experiment of feeding extruded linseed to finishing pigs, the fat score of pigs fed 

on the linseed diet was 68.4 ± 3.0 and 62.0 ± 2.6 for control animals. In this point, feeding 

linseed to pigs would be disadvantageous for farmers. Therefore, a special label program is 

necessary, as it already exists in France (Bleu-Blanc-Coeur, 2008) and which has successfully 

implemented the strategy of production n-3 fortified animal products. 

The food technology enables a direct addition of n-3 PUFA to the formulation of meat 

products: flaxseed and fish oils to fermented sausage by a substitution of 10-20 % of pork 
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backfat (Pelser et al. 2007), an emulsion of n-3 PUFA with 25 % algal oil (Lee et al. 2006) or 

deodorized fish oil (Valencia et al. 2006a). 

The substitution of dietary components to pigs in growing and fattening period has an 

advantage over such limited production of n-3 PUFA fortified meat products. It alters the fatty 

acid composition of animal body lipids, meat and fat and the whole carcass can be 

commercialized. Nevertheless, the economic aspects of both methods certainly also must be 

considered. 

Effects of CLA on fat quality 

CLA in diets of growing and finishing pigs improved the technological quality of backfat in 

terms of a higher content of SFA and consequently higher firmness of fat when it was fed 

from 45 and 60 kg live-weight on. This is a desirable effect for meat processing. To be 

effective, CLA should be included to the feed in early growing period; the later the start of 

supplementation, the lower the alteration of fatty acid composition was. On the other hand, 

the oxidation susceptibility in lard increased linearly with duration of feeding CLA. This was 

a rather unexpected result by more saturated fat and increasing fat firmness with duration of 

CLA feeding. Moreover, other authors found a higher oxidative stability in lard (King et al. 

2004), LD muscle (Corino et al. 2003) and pork loin (Joo et al. 2002). The oxidative stability 

could be controlled to a certain extent by the use of antioxidants in the feed (Wood et al. 

2004).  

Although both CLA isomers in our study were supplied in equal amounts in the feed, a 

considerably lower amount of the trans-10, cis-12 CLA isomer was found in muscle lipids 

and backfat. In natural food sources, the cis-9, trans-11 isomer predominates by 30-70:1 over 

the trans-10, cis-12 CLA isomer (Fritsche and Steinhart 1998). The cis-9, trans-11 isomer is 

an active anabolic agent responsible for weight gain, whilst the trans-10, cis-12 isomer is 

effective catabolic agent leading to increased lipolysis and fat oxidation. It is the trans-10, cis-

12 isomer which is associated with changes in body composition (Park et al. 1999). The 

trans-10, cis-12 isomer has been shown to inhibit the transcription and activity of ∆-9 

desaturase (also known as stearoyl-CoA desaturase 1, SCD1) in adipose tissue in pigs (Smith 

et al. 2002). SCD1 desaturates SFA into MUFA, resulting in a higher ∆-9 desaturase index 

and MUFA/SFA ratio. CLA in pig diet caused a significant depression of ∆-9 desaturase 

index and in consequence also the proportion of oleic acid 18:1. In our study, the level of 18:1 

decreased linearly in LD and backfat with duration of CLA feeding.  
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The cis-9, trans-11 and trans-10, cis-12 CLA isomers in human food-chain 

A number of health benefits of various CLA isomers have been reported in studies with cell in 

culture, with animal models of disease and with human volunteers. At the same time, apparent 

deleterious effects of CLA isomers on oxidative processes, on eicosanoids production and on 

carcinogenesis have been observed in mice, associated with trans-10, cis-12 isomer (Wahle et 

al. 2004). These reports of adverse CLA effects on health are in the minority, but in the light 

of this knowledge should be the use of the trans-10, cis-12 CLA isomer in animal nutrition 

assessed critically. The French Food Agency even recommended in their exhaustive report 

that different CLA isomer mixtures supplemented in animal diet should not be approved 

(AFSSA 2005). In contrast, CLA is already supplemented to dairy cows in Germany in order 

to enhance the milk yield and recover the energy balance of animals in consequent lower milk 

fat content (Moore et al. 2004). The dairy products are major source of CLA in human diet, 

whereas CLA content in meat from ruminants (e.g. 1.2 % of total fat in lamb) is higher than in 

meat from nonruminants (e.g. 0.12 % in pork, 0.27 % to 0.44 % in meat products) (Fritsche 

and Steinhart 1998). In LD and backfat of pigs fed 0.5 % of CLA was the trans-10, cis-12 

incorporated in considerable lower degree than the cis-9, trans-11 isomer. The amount of the 

trans-10, cis-12 in total lipids of LD from pigs fed CLA from 45 kg was 0.1 %. 

Other experiments are necessary to examine optimized CLA feeding in limited time-frame 

during the fattening period. Further, it remains to investigate the optimal time when to stop 

the CLA supplementation in sufficient time before slaughter, in order to retain improved meat 

and fat quality with minimum incorporated trans CLA isomers in meat and meat products. 
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Conclusions 

Increasing the daily supply of long chain n-3 PUFA is in the interest of dieticians, pig 

breeders, farmers and consumers as well. Feeding strategies of farm animals are improving 

with application of scientific knowledge and producers react on the demands for higher 

content of healthy n-3 fatty acids in animal products. Composition of meat and fat of farm 

animals is easy to control and analyse, the content of toxic contaminants in meat is low when 

compared to wild fish with potentially high mercury contamination, not to mention the 

depletion of natural marine sources.  

Feeding a moderate amount of ALA in form of extruded linseed component in feed led to 

improvement of nutrient content in terms of higher amount of LC n-3 PUFA in meat, backfat 

and air-dried meat products. The n-6/n-3 ratio in meat, backfat and meat products of linseed 

fed pigs was noticeably lower than in control pigs. In our study we could show that it is 

possible to produce pork and fat moderately fortified with n-3 fatty acids with no adverse 

effects on sensory quality. 

The 0.5 % CLA supplementation to growing and finishing pigs was an efficient tool to 

modify the fatty acid composition of adipose tissue. As a consequence, the lard firmness was 

mostly enhanced in lard from animals which received CLA from 45 and 60 kg on. The 

oxidative stability of lard however decreased linearly with duration of CLA-feeding. 
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APPENDIX 

Table 21 Fatty acid composition of total lipids in LD (g per 100 g of total FAME#, means ± 
S.D.) from pigs fattened on a control or a linseed supplemented diet 

 Control Linseed p-value 

SFA 37.8 ± 1.9  37.8 ± 2.5 0.847 

MUFA 51.1 ± 1.7 49.2 ± 1.4 0.001 

PUFA 11.0 ± 1.9 13.1 ± 3.1 0.002 

14:0   1.2 ± 0.1   1.2 ± 0.2 0.578 

16:0 23.7 ± 1.1 23.5 ± 1.6 <.0001 

18:0    12.2 ± 0.8 12.4. ± 0.9 0.289 

16:1    4.1 ± 0.05 3.7 ± 0.1 0.003 

18:1n-9    41.8 ± 1.7      40.6 ± 1.6 0.018 

18:2n-6      6.72 ± 1.14     7.33 ± 1.65 0.073 

20:2n-6      0.19 ± 0.03     0.21 ± 0.04 0.031 

20:4n-6       1.69 ± 0.41     1.45 ± 0.52 0.033 

22:4n-6      0.20 ± 0.04     0.13 ± 0.04 <.0001 

18:3n-3      0.34 ± 0.04    1.38 ± 0.19 <.0001 

20:3n-3     0.05 ± 0.01  0.2 ± 0.04 <.0001 

20:4n-3     0.03 ± 0.01    0.05 ± 0.01 <.0001 

20:5n-3      0.19 ± 0.05  0.54 ± 0.2 <.0001 

22:5n-3     0.36 ± 0.08    0.63 ± 0.21 <.0001 

22:6n-3      0.29 ± 0.07 0.27 ± 0.1 0.345 

∑ n-3 1.0 ± 0.2      2.8 ± 0.6 <.0001 

∑ n-6 9.5 ± 1.7      9.8 ± 2.4 0.547 

n-6/n-3 9.5 ± 0.5      3.4 ± 0.2 <.0001 
# fatty acid methyl ester 

Table 22 Chemical composition of backfat (%) and fat score (mean ± S.D.) and LS mean 
from pigs fattened on a control or a linseed supplemented diet 

 Control Linseed p-value 

Water content 15.1 ± 2.7 13.3 ± 2.6 0.011 

Crude ash   0.2 ± 0.2  0.2 ± 0.2 0.633 

Organic matter 84.7 ± 2.7 86.5 ± 2.6 0.013 

Fat score GC 62.0 ± 2.6 68.4 ± 3.0 <.0001 

Fat score GC corr.(LSmean)*      62.6     67.7 <.0001 
* Fat score corrected according to different proportion of adipose tissue 



APPENDIX 

- 79 - 

Table 23 Growth performance and carcass characteristics from female and castrated male 
pigs fattened on a control or a linseed diet (means ± S.D.) 

  Females Castrated males p-value 

Daily body weight gain [g] 918 ± 74 980 ± 79 0.01 

Feed conversion ratio [kg/kg]        2.5 ± 0.2         2.5 ± 0.1 0.894 

Shoulder [%]      12.3 ± 0.7       12.2 ± 0.5 0.784 

Loin [%]      25.6 ± 0.9       25.2 ± 0.7 0.095 

Proportion of ham [%]      22.1 ± 0.9       21.3 ± 0.9 0.006 

Superficial adipose* [%]       9.5 ± 1.6       10.7 ± 1.4 0.005 

Proportion of prime cuts£* [%]    60.0 ± 2.0       58.7 ± 1.7 0.029 

*Ham fat tissue was not removed 
£ Total weight of trimmed loin, ham and shoulder as percentage of carcass weight 

Table 24 Physiochemical meat quality characteristics of LD from female and castrated male 
pigs fattened on a control or a linseed supplemented diet (means ± S.D.) 

  Females Castrated males p-value 

Intramuscular fat content [NIRS]   2.4 ± 0.5      2.82 ± 0.57 0.004 

pH1, 45 min p.m.   6.3 ± 0.2      6.34 ± 0.12 0.487 

pH2, 24 h p.m.     5.4 ± 0.03     5.4 ± 0.02 0.974 

Luminance [L] 54.6 ± 1.6 55.2 ± 1.6 0.257 

Redness [a]   9.2 ± 0.8   8.8 ± 0.8 0.117 

Yellowness [b]   7.4 ± 0.6   7.2 ± 0.7 0.449 

Cooking loss [%] 27.7 ± 1.4 27.6 ± 1.1 0.736 

WB-shear force [N] 50.4 ± 6.7 48.6 ± 8.6 0.457 
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Table 25 Fatty acid composition of backfat (g per 100 g of total FAME#, means ± S.D.) from 
female and castrated male pigs fattened on a control or a linseed supplemented diet  

 Females Castrated males p-value 

SFA 36.2 ± 2.4 38.6 ± 2.1 0.0003 

MUFA 47.4 ± 2.3 46.2 ± 2.3 0.01 

PUFA 16.4 ± 3.2 15.2 ± 2.9 0.02 

16:0 22.6 ± 1.5 23.9 ± 1.3 0.001 

18:0 11.6 ± 1.0 12.5 ± 1.0 0.002 

18:1n-9 40.5 ± 1.8 39.5 ± 1.7 0.011 

18:2n-6 11.8 ± 1.5 10.9 ± 1.2 0.015 

20:4n-6 0.2 ± 0.04 0.2 ± 0.03 0.012 

18:3n-3 2.8 ± 1.8 2.6 ± 1.6 0.13 

20:5n-3 0.1 ± 0.03 0.1 ± 0.03 0.147 

22:6n-3 0.1 ± 0.03 0.1 ± 0.02 0.306 

∑ n-3 3.6 ± 2.1 3.4 ± 1.9 0.115 

∑ n-6 12.6 ± 1.5 11.6 ± 1.2 0.014 

n6/n3 4.7 ± 2.5 4.7 ± 2.4 0.637 
# fatty acid methyl ester 

Table 26 Fat firmness and oxidative stability as well as chemical composition (%) of backfat 
from female and castrated male pigs fattened on a control or a linseed supplemented diet 
(means ± S.D.) 

 Females Castrated males p-value 

firmness F max [N] 2.5 ± 1.1 3.2 ± 1.5 0.022 

oxidative stability [h] 6.0 ± 2.6 5.8 ± 2.8 0.768 

Water content 15.0 ± 2.9 13.4 ± 2.47 0.029 

Crude ash 0.2 ± 0.2 0.2 ± 0.2 0.752 

Organic matter 84.8 ± 2.9 86.4 ± 2.5 0.031 
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Table 27 Experimental design of feeding CLA: Allocation of experimental animals to 5 
groups according to litter, gender and weight 

Litter Gender 
Live-
weight* A B C D E Group 

CLA-feed 
from  

  C§   4 4 4 4 4     
  F£   4 4 4 4 4     
1 C 27 C         A 45 
1 C 24   C       B 60 
1 F 22     F     C 75 
1 F 23       F   D 90 
2 C 24     C E control 
2 C 23 C     A 45 
2 F 25  F    B 60 
2 F 25   F   C 75 
3 C 22       C   D 90 
3 C 24         C E control 
3 F 21 F         A 45 
3 F 22   F       B 60 
4 C 30   C   C 75 
4 C 27    C  D 90 
4 F 24     F E control 
4 F 25 F     A 45 
5 C 29   C       B 60 
5 F 21     F     C 75 
5 C 30       C   D 90 
5 F 23         F E control 
6 F 31 F     A 45 
6 C 34  C    B 60 
6 C 26   C   C 75 
6 F 28    F  D 90 
7 F 22         F E control 
7 C 21 C         A 45 
7 F 20   F       B 60 
7 C 25     C     C 75 
8 C 21    C  D 90 
8 F 19     F E control 
8 C 21 C     A 45 
8 F 21  F    B 60 
9 C 21     C     C 75 
9 F 23       F   D 90 
9 C 14         C E control 
9 F 17 F         A 45 

10 C 17  C    B 60 
10 F 18   F   C 75 
10 F 15    F  D 90 
10 C 18     C E control 

* kg, C§ = castrated male, F£ = female 
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Table 28 Chemical composition of backfat from pigs fattened on a control or CLA diet 

Treatment [kg] 45 60 75 90 Control SE P for treat. 
linear 

contrast 
Water 13.1 12.69 13.47 13.63 13.72 0.70 0.825 0.329 
Crude ash    0.34    0.19   0.33   0.22   0.23 0.06 0.273 0.853 
Organic matter 86.56 87.13 86.2 86.16 86.05 0.70 0.811 0.993 

Table 29 Fatty acid composition of total lipids in LD (g per 100 g of total FAME#, means ± 
SE) from pigs fattened on a control or CLA diet 

Treatment [kg] 45 60 75 90 Control SE P for treat. 
linear 

contrast 
Content of total lipids  
[g/100g muscle] 2.0 2.0 1.7 1.8 1.6 0.22 0.766 0.253 
SFA 39.4 39.3 37.7 37.1 35.8 0.58 0.001 <.0001 

14:0 1.4 1.3 1.2 1.1 0.1 0.05 0.0002 <.0001 
16:0 24.9 24.1 23.2 22.9 22.2 0.39 0.0005 <.0001 
18:0 12.5 13.2 12.7 12.3 11.8 0.34 0.091 0.055 

MUFA 45.1 45.6 45.8 46.1 47.3 0.81 0.42 0.072 
16:1 4.3 3.5 3.3 3.3 3.2 0.17 0.002 0.000 
18:1 39.8 41.0 41.4 41.7 42.9 0.77 0.114 0.010 
20:1 0.6 0.6 0.7 0.7 0.7 0.03 0.069 0.006 

PUFA 15.4 15.1 16.5 16.9 16.9 1.08 0.66 0.182 
18:2n-6 9.6 9.3 10.3 10.4 10.6 0.64 0.591 0.152 
20:2n-6 0.2 0.3 0.3 0.3 0.3 0.01 0.094 0.009 
20:3n-6 0.3 0.3 0.4 0.4 0.4 0.03 0.072 0.004 
20:4n-6 2.2 2.3 2.5 2.8 2.8 0.22 0.284 0.036 
22:4n-6 0.2 0.2 0.3 0.3 0.3 0.025 0.092 0.024 
18:3n-3 0.4 0.4 0.5 0.5 0.5 0.02 0.295 0.226 
20:3n-3 0.1 0.1 0.1 0.1 0.1 0.003 0.797 0.256 
20:5n-3 0.3 0.3 0.4 0.3 0.3 0.03 0.973 0.715 
22:5n-3 0.6 0.5 0.6 0.6 0.6 0.049 0.899 0.386 
22:6n-3 0.4 0.5 0.5 0.4 0.4 0.047 0.947 0.832 
         

18:2 cis-9,trans-11 0.4 0.3 0.29 0.23 0.1 0.01 <.0001 <.0001 
18:2 trans-10, cis-12 0.1 0.08 0.08 0.06 0.0002 0.005 <.0001 <.0001 
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Table 30 Growth performance and carcass characteristics from female and castrated male 
pigs fattened on a control or CLA diet 

 Females Castrated males p-value 
n 20 20  
Daily body weight gain [g] 955 898 0.0271 
Feed conversion ratio [kg/kg] 2.84 2.77 0.3263 
Adipose tissue [%] 2.06 1.84 0.0305 
Backfat thickness, croup [cm] 1.42 1.27 0.1411 
Backfat thickness, back [cm] 1.81 1.59 0.0354 
Backfat thickness (FOM§) [mm] 17.0 13.82 <.0001 
Superficial adipose [%] 13.07 11.28 0.0001 
MFA$ FOM 53.67 55.49 0.0008 
Proportion of prime cuts£ [%] 55.91 57.7 0.0049 
§Fat-O-Meater 
$MFA = Fat-free lean  
£ Total weight of trimmed loin, ham and shoulder as percentage of carcass weight 

Table 31 Physiochemical meat quality characteristics of longissimus muscle from female and 
castrated male pigs fattened on a control or a CLA supplemented diet 

 Females Castrated males p-value 
n 20 20  
Intramuscular fat content 
[NIRS] 

2.3 1.77 0.0127 

pH1, 45 min p.m. 6.35 6.22 0.005 
pH2, 24 h p.m. 5.45 5.44 0.6338 
Luminance [L] 53.55 52.22 0.0273 
Redness [a] 8.17 8.11 0.8397 
Yellowness [b] 6.49 6.09 0.1653 
Cooking loss [%] 26.44 28.56 0.08 
WB-shear force [N] 55.7 64.0 0.0059 
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Table 32 Fatty acid composition of backfat (g per 100 g of total FAME#), fat firmness and 
oxidative stability as well as chemical composition (%) of backfat from female and castrated 
male pigs fattened on a control or CLA supplemented diet 

 Females Castrated males p-value 
n 20 20  
SFA 43.86 41.96 0.001 
16:0 26.36 23.83 0.002 
18:0 15.86 15.69 0.834 
MUFA 41.04 41.8 0.277 
18:1n-9 34.8 35.7 0.172 
PUFA 15.1 16.23 0.004 
18:2n-6 11.83 12.76 0.004 
18:3n-3 1.01 1.08 0.033 
20:4n-6 0.19 0.22 0.002 
 18:2 cis-9,trans-11 0.61 0.62 0.242 
 18:2 trans-10, cis-12 0.26 0.26 0.270 
firmness F max [N] 2.65 3.1 0.0037 
oxidative stability [h] 3.81 4.14 0.2364 
water content 12.88 13.76 0.1681 
crude ash 0.23 0.29 0.2524 
organic matter 86.89 85.95 0.1405 
# fatty acid methyl ester 

Table 33 Fatty acid composition of intramuscular total lipids (g per 100 g of total FAME#) 
from female and castrated male pigs fattened on a control or CLA supplemented diet 

 Females Castrated males p-value 
n 20 20  
SFA 38.76 36.94 0.0016 
16:0 24.27 22.65 <.0001 
18:0 12.54 12.48 0.8464 
MUFA 46.92 45.06 0.0151 
18:1 42.05 40.69 0.0562 
PUFA 14.34 18.0 0.0007 
18:2n-6 8.91 11.14 0.0006 
18:3n-3 0.41 0.47 0.0074 
20:4n-6 2.14 2.85 0.0014 
 18:2 cis-9,trans-11 0.25 0.27 0.0127 
 18:2 trans-10, cis-12 0.06 0.07 0.1196 
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Table 34 Fatty acid composition of intramuscular neutral lipids (g per 100 g of total FAME#) 
from female and castrated male pigs fattened on a control or CLA supplemented diet 

 Females Castrated males p-value 
n 20 20  
SFA 41.27 39.6 0.004 
16:0 26.31 24.75 0.0001 
18:0 12.82 12.78 0.9175 
MUFA 53.69 54.31 0.2049 
18:1 48.35 49.3 0.0417 
PUFA 5.04 6.09 0.0002 
18:2n-6 3.54 4.36 0.0002 
18:3n-3 0.28 0.33 0.0007 
20:4n-6 0.14 0.19 <.0001 
 18:2 cis-9,trans-11 0.21 0.23 0.0089 
 18:2 trans-10, cis-12 0.04 0.05 0.0651 

Table 35 Fatty acid composition of intramuscular phospholipids (g per 100 g of total FAME#) 
from female and castrated male pigs fattened on a control or CLA supplemented diet 

 Females Castrated males p-value 
n 20 20  
SFA 31.32 31.44 0.4978 
16:0 21.44 21.52 0.7439 
18:0  8.38 8.54 0.3151 
MUFA 22.25 19.65 <.0001 
18:1 19.56 17.44 <.0001 
PUFA 46.43 48.93 <.0001 
18:2n-6 28.8 30.18 0.008 
18:3n-3 0.92 0.82 0.0296 
20:4n-6 7.1 7.97 0.0012 
20:5n-3 1.33 1.43 0.0825 
22:5n-3 2.03 2.1 0.2714 
 18:2 cis-9,trans-11 0.39 0.35 0.0054 
 18:2 trans-10, cis-12 0.16 0.15 0.2986 
# fatty acid methyl ester 
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