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Background

Due to the positive described effects of the n-3 polyunsaturated fatty acids (PUFA) in humans (1,2) many researches have tried to decrease
the ratio PUFA n-6/n-3 in meat and meat products to reach values lower than 4 according with the recommendations of British Nutrition
Foundation (3). This modification of the PUFA relationship usually involves an increase of the n-3 fatty acids because of the effect of the
intake of diets enriched in linolenic acid. This effect is particularly evident in monogastric animals such as pig (4,5,6,7), poultry (8) and
rabbit (9).

Objectives

The objective of this work was the study of the lipid stability of lard and meat enriched in omega-3 fatty acids and vitamin E.

Material and Methods

Experimental design

Fifty Large White x Great York female pigs were randomly distributed and located in individual cages and fed a conventional pig diet until
they weighed 48.1+3.55 kg. At this moment five experimental diets were randomly assigned to ten pigs randomly selected. All pigs were fed
for ad libitum consumption with the appropriate diet. All diets were formulated with the same ingredients except for the fat source (w hich
was incorporated at 30 g kg™ in all cases) and vitamin E. Dietary fat sources were sunflower oil (a fat source rich in C18:2 n - 6) for the
control diet (C), linseed oil (L, rich in C18:3, n - 3) and a blend of olive oil (rich in C18:1 n - 9) and linseed oil (1/1, w/w, batch LO). Within

each dietary fat treatment containing ‘L, one group (L, LO) was fed a basal level of vitamin E (20 mg o-tocopheryl acetate kg diet)(Hoffman
La Roche, Switzerland) and the other group (LE, LOE), received a supplemented level (200 mg o-tocopheryl acetate kg diet).

Slaughter, sample collection and chemical analysis

Animals were stunned, slaughtered and exanguinated at a local slaughter house at 100.1 + 7.09 kg live weight. Samples from the meat (Psod
major) and lard (backfat) were immediately taken, frozen in liquid nitrogen, vacuum packed in low-oxygen permeable film and kept froze
at -22°C until analysed. Sample analysis (n=10) were carried out in triplicate.

Concentration of o-tocopherol was quantified as described by Rey et al (10). Analysis were carried out by reverse phase HPLC (HP 10
Hewlett Packard, Waldbronn, Germany). Separation was made on a C18 column (RP-18, Hewlett Packard). The mobile phase Wa
methanol:water (97:3 v/v) at flow rate of 2 ml/min, and the detector was fixed at 292 nm.

Lipids from meat and lard samples were obtained using the method of Bligh and Dyer (11) and methylated in the presence of sodium met
(0.1 N) and sulphuric acid (5% in methanol anhidro) to obtain fatty acid methyl esters which were analysed using a Perkin Elmer 8420
(Beaconsfield, Buckinghamshire, England) gas chromatograph equipped with a flame ionization detector and a capillary column H‘P'
[nnowax (30 m x 0.32 mm id and 0.25 mm). The temperature program was as follows: injector and detector temperature 250°C, the initid

column temperature was 170°C, which was kept for 2 min., 170°C to 240°C at 3.5°C.min"", hold for 20 min. !

The liability of meat and lard homogenates to iron-ascorbate-induced lipid oxidation was determined by the method of Kornbrust and Ma? 15
(12). TBARS were expressed as nmols malonaldehyde (MDA )/mg protein. Protein was measured by the procedure of Lowry (13).

Statistical analysis

Data were analysed using the General Linear Model of SAS (14). An individual pig was the experimental unit for analysis of all data. The
comparative analysis between means were conduced using the Duncan multiple range test. Data were presented as the means of each group
and the standard deviation (SD) of the mean.
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Result and Discussion

The figure 1 shows the PUFA n-6/n-3 ratio, the o-tocopherol content and the lipid stability of samples from meat (Psoas major) and
from pigs fed on Control and Experimental diets. Meat and lard from animals fed on Control diet had higher (p<0.05) PUFA n-6/n-3 rati0
than those of Experimental diets enriched in linseed and olive oil (L, LE, LO and LOE). Values ranged from around 10 of samples from
animals fed on Control diet to values close to 2 in samples from Experimental diets. In both tissues (meat and lard) is possible to establish 7
hierarchy for fatty acid n-6/n-3 ratio with Control > LO, LOE > L, LE. The present finding indicates that it is possible to obtain a Clc",‘lv
reduction of the PUFA n-6/n-3 ratio reaching lower values according with the recommendations of the British Nutration Foundation (3)- This
result is in agreement with those previously reported (4,6). Diet LE and LOE incorporated 200 mg of o-tocopheryl acetate. kg diet. .'\ﬁn
direct consecuence, the o-tocopherol content in meat and lard was significatively (p<0.05) increased, twice in lard and 3-4 times in meat. NG
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effect of the o-tocopherol content on the n-6/n-3 ratio was detected. _
When the fat polyunsaturation was increased, a higher lipid oxidation could be expected. For this reason the o—tocopherol was introduced ”}
the diet, as a way to increase the tocopherol content in the tissues. To study the lipid peroxidation susceptibility it was calculated the
Peroxidation Rate Curve Slope (PRCS, nmol malonaldehyde.mg protein”.min™"), which indicates the lipid peroxidation rate. Samples (mcn‘
and lard) from animals fed on diets LE and LOE showed a inhibited lipid peroxidation when compared with those of L and LO samples- The
lipid peroxidation rate (PRCS of L vs PRCS of LE and PRCS of LO vs PRCS of LOE) could be reduced in lard (about 8 times) and in mu

(about 2.5 times). Although the increase of the lipid unsaturation (L or LO vs C) enhanced significatively the lipid peroxidation: ‘
es (&
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phenomenon can be controlled including a high o~tocopherol content in the diet, which, in turn, is accumulated in meat and lard tissu
and LO vs LE and LOE).

Conclusion
[t has been obtained a healthier pork meat and lard (PUFA n6/n3 ratio <4) by feeding animals with a diet enriched in lineseed (a 11
of C C18:3, n — 3). The increased lipid oxidation of those tissues due to the enrichement in C18:3, n — 3 was controlled by the

ch sourc®
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enrichement with o-tocopherol.
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Figure 1. Polyunsaturated fatty acid n-6/n-3 ratio (M), o—tocopherol content (mg Kg' wet matter, ) and Peroxidation Rate Curve Slope
(PRCS, Maximum oxidation rate: nmol malonaldehyde.mg protein™.min™', ) of Psoas /Hu/ul' muscle and lard from pigs fed on diets: C=
\ 5 = . e . " e c =1
T-Omm{ (30 g kg™ sunflower oil), L = 30 g kg ]m\'ccd oil, LE = 30 g kg linseed oil + 200 mg kg a-tocopheryl acetate, LO = 15 g kg
- : = i ? . S A - 1 ’ 5 b 5 S
Inseed oil + 15 g kg™ olive oil, LOE = 15 g kg' linseed oil + 15 g kg™ olive oil 1() mg kg™ o—tocopheryl acetate. Data with different

letters or symbols are significantly different (p<0.05).

\Ckn(mlcdoments

This research was funded by the Comision Interministerial de Ciencia y Tecnologia (CICYT) with the project ALI 98-07 M. D’Arrigo
3 £
Vas awarded a predoctoral scholarship of Agencia Espafiola de Cooperacion Internacional (MUTIS programme)

References
;450“" D.P. and Connolly, J.M. Omega-3 fatty acids as cancer chemopreventive agents. Pharmacology and Therapeutics. 1999, 83: 217-
3- Alexander, J.W. Immunonutrition: the role of w-3 fatty acids. Nutrition. 1998, 14: 627-633. 1998
2 British Nutrition Foundation. Unsaturated fatty acids: Nutritional Physiological Significance. The Report of British Nutrition Foundation’s
ask Force. 1992, Chapman and Hall ed. London.
4. Cheriam, G. and Sim, J.S. Dietary o-linolenic acid alters the fatty acid composition of lipid classes in swine tissues. Journal of
1” ‘iculture and Food Chemistry. 1995, 43:2911-2916.
>- Romans, JR, Johnson, RC, Wulf, DM, Libal, GW and Costello, WJ. Effects of ground flaxseed in swine diets on pig performance and on

-1

Physical and sensory characteristics and omega-3 fatty acid content on pork: Dietary level of flaxseed. Journal Animal Science. 1995, 73:
‘9\“ 1986.

Ahn, D. U, Lutz, S. And Sim, J.S. Effects of dietary o—linolenic acid on the fatty acid composition, storage stability and sensory
q laracteristics of pork loin. \/ull Science. 1996, 43: 291-299.

- Fontanillas, R, Barroeta, A, Baucells, MD and Codony, R Effect of feeding high cis-monounsaturated, trans, or n-3 fats on lipid
“ml)()\llmn of muscle and admmg tissue of pigs. Journal Animal \uu/u 1997, 45: 3070-3075.
du(dlmnnmumn P., Boudreau, M., Boutte, T., Park, R.S., Hebert, J., Berrio, L. and Hwang, D.H. Incorporation of different types of n-3 fatty
9 | S Into tissue [lpl(l\ of poulll\ Poultry Science. 1992, 71: 516~ \’]
mu\t)pu Bote, C.J., Rey, A.L, Sanz, M., Gray, 1. and Buckley, D.J. Dietary vegetable oils and o-tocopherol reduce lipid oxidation in rabbit
0 cle. Journal \1/////10/1 1997, 127: 1176-1182.

RL‘\ A, Lopez-Bote C, Soares M and Isabel B. Determination of o—tocopherol in pork with high intramuscular fat content. Grasas y
Acejfeg 1997, 47:331-334

- Hanson, SWF and Olley, J. Application of the Bligh and Dyer Method of lipid extraction to tissue homogenates. Biochemical Journal.
263, 89:101P-102P.
2. Kronbrust DJ and Mavis RD. Relative susceptibility of microsomes from lung, heart, liver, kidney, brain and testes to lipid peroxidation:
"lLlal]on with vitamin E content. Lipids 1980, 15:315-322.
( lom\ OH, Rosenbrough NJ, Farr AL and Randall RJ. Protein measurement with the Folin-phenol reagent. Journal of Biological

’“”n\u\ 1951, 193:265-275

4.8AS s, AS Use's guide: Statistics. Statistical Analysis System Institute Inc, Cary NC. 1988.






