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ABSTRACT

The effects of selenium and fatty acid supplementation on fatty acid composition and antioxidant
status of erythrocyte membrane in lambs were investigated. Thirty two lambs with average body weight
of 26+1 kg were divided into 4 groups and each was fed basal diet+5% linseed oil (LO), or LO+2 mg Se/
kg DM (as sodium selenite) (LOSe), or basal diet+5% sunflower oil (SO), or SO+2 mg Se/kg DM (SOSe).
Selenium supplementation increased the concentration of C18:2t-10,c-12, and also the concentration of
C20:5n-3 of erythrocyte membrane of the lambs fed the sunflower oil diet. Lambs fed the linseed oil
diet had higher concentrations of C18:2t-10,c-12, C18:3n-3, and C20:5n-3 in erythrocyte membrane.
Erythrocyte membrane of the lambs fed sunflower oil diet had higher concentrations of C18:1t-11,
C18:2n-6, C18:2¢-9,t-11 and C22:6n-3. Antioxidant status increased with selenium supplementation,
and lambs fed sunflower oil diet had higher total antioxidative capability.
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INTRODUCTION

Many studies have been investigated to increase the content of polyunsaturated
fatty acids (PUFA) in lamb tissues by feeding diets supplemented with rumen
protected or unprotected oilseed or free oil rich in n-6 or n-3 PUFA. However,
diets rich in PUFA lead to higher susceptibility to peroxidation than diets rich
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in saturated fatty acids. Thus, investigations are needed to combine antioxidants
with PUFA in lactating and meat producing ruminants. Selenium (Se) has been
shown to affect the fatty acid (FA) composition in mouse muscle and chicken eggs
(Czauderna et al., 2004a; Pappas et al., 2005). Information regarding effects of Se on
FA composition in sheep is rare (Czauderna et al., 2004b,c), and there were no data
published previously about the interaction of PUFA and Se on FA concentration and
antioxidant status of erythrocyte membrane. Therefore the objective of the present
study was to assess the effects of Se and FA supplementation on FA composition and
antioxidant status of erythrocyte membrane in lambs.

MATERIAL AND METHODS

Thirty-two wether lambs (Chinese Poll DorsetxSmall Tailed HanxCharolais) with
average body weight of 26+1 kg divided into four groups and kept in pens individually
with free access to water. The experiment was a 2x2 factorial (two Se levels and two
PUFA sources) design. The experimental rations contained either linseed or sunflower
oil. The linseed oil diet contained basal diet+5% linseed oil (LO) and LO+2 mg Se/
kg DM (as sodium selenite) (LOSe). Similarly, the sunflower oil diet contained basal
diet+5% sunflower oil (SO) and SO+2 mg Se/kg DM (SOSe). Lambs were fed ad
libitum with adjustments made on a weekly basis to minimize the amount of orts. Basal
feed ingredients and nutrient content were shown in Table 1. The experiment lasted 50
days. Blood samples from each lamb were obtained by venipuncture from the jugular
prior to the morning meal on the last day of the experiment, and then transferred to the
tube containing EDTA (1.5 mg/ml blood). Erythrocyte membrane was prepared
according to the method of Stolze and Nohl (1999). For the FA analysis, the
method of Zhang et al. (2006) was used. The total antioxidative capability (TAOC)
was measured by the FRAP assay (Benzie and Strain, 1996). The activity

Table 1. The ingredients and chemical composition of the basal diet, DM basis

Ingredients, g/kg Nutrient content'

Chinese wild rye hay? 294.7 Metabolizable energy, MJ/kg 9.75
Lucerne hay 2 305.3 Crude protein, g/kg 146.9
Maize flour 2 168.4 Acid detergent fibre, g/kg 284.1
Wheat bran 2 94.7 Neutral detergent fibre, g/kg 479.5
Soyabean meal 2 126.3 Linoleic acid (C18:2n-6), g/kg 12.3
Salt 53 Linolenic acid (C18:3n-3), g/kg 27.5
Trace mineral premix * 53 Selenium, mg/kg 0.089

I-analysed values except metabolizable energy

Z selenium concentration, mg/kg DM: Chinese wild rye hay 0.061, lucerne hay 0.164, maize flour
0.045, wheat bran 0.086, soyabean meal 0.041

3 trace mineral premix contained, mg/kg DM: iodine 1, iron 40, copper 9, cobalt 0.35, manganese
25, zinc 40
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of glutathione peroxidase (GSH-Px), and the concentration of malondialdehyde (MDA)
were measured according to the methods of Noguchi et al. (1973) and Mak (1983),
respectively. All data were analysed as a 2x2 factorial randomized block design using
ANOVA procedure of SAS. When the interaction was significant, pairwise z-test was
used to separate means by Se within oil source (P<0.05).

RESULTS AND DISCUSSION

Selenium supplementation increased (P<0.05) the concentration of C18:2t-10,
c-12 in erythrocyte membrane (Table 2), which was consistent with that of
Czauderna et al. (2004a), who concluded that the interaction between Se and
C18:2t-10,c-12 CLA or CLA isomer mixtures exerted its greatest protective effect
against peroxidative damage or catabolism of these isomers. The concentration of
C20:5n-3 in erythrocyte membrane of the lambs fed sunflower oil supplemented
diets was also increased (P<0.05) with selenium supplementation, but did not
affect the eicosapentaenoic acid content of erythrocyte membrane in the lambs
fed the diet supplemented with linseed oil. The n-3 PUFA of linseed oil is more
susceptible to peroxidation than n-6 PUFA of sunflower oil because of its higher
degree of unsaturation (Jin and Miyazawa, 2001). Accordingly, selenium protected

Table 2. Effect of diets on lamb erythrocyte membrane FA composition, g/100 g total fatty acids

. Treatment Significance!
Fatty acid LO LOSe SO s0se ™M TSTTpURA  PUFA*Se
C18:0 10.61 10.83 11.27 11.03 0.21 ns ns Ns
Cl18:1¢-9 31.82 32.33 31.30 31.37 0.35 ns ns Ns
C18:1t-11 2.26 243 2.69 2.83 0.08 ns ** Ns
C18:2n-6 8.01 7.70 10.64 9.36 0.39 ns *k Ns
C18:2¢-9,t-11 2.62 2.81 3.13 3.26 0.09 ns *k Ns
C18:2t-10,c-12 0.32 0.40 0.24 0.29 0.02 * *k Ns
C18:3n-3 1.51 1.42 0.53 0.39 0.14 ns Hokok Ns
C20:4n-6 1.07 0.86 1.02 0.94 0.04 ns ns Ns
C20:5n-3 0.45 0.42 0.18° 0.31*  0.03 * Hrk ol
C22:6n-3 7.08 7.10 7.62 8.00 0.13 ns *k Ns
Total SFA? 23.16 23.37 23.79 22.44 0.30 ns ns Ns
Total MUFA? 35.54 36.17 3542 35.34 0.33 ns ns Ns
Total PUFA? 20.83 20.76 23.30 22.36 0.42 ns * Ns

I ns: not significant, P>0.05; *P<0.05; **P<0.01; ***P<0.001

2 SFA: saturated fatty acids, total SFA included C14:0, C16:0, C18:0, C20:0, C22:0, C24:0;
MUPFA: monounsaturated fatty acids, total MUFA included C14:1, C16:1, C18:1t-11, C18:1c-9,
C20:1, C22:1, C24:1; PUFA: polyunsaturated fatty acids, total PUFA included C18:2, C18:2c-
9,t-11, C18:2t-10,c-12, C18:3, C20:2, C20:3, C20:4, C20:5, C22:6

*> means without a common superscript within oil differ significantly at the level of P<0.05



YUL.L. ETAL. 391

the decomposition of C20:5n-3 in lambs fed sunflower oil diet more effectively.
This also explained the higher total PUFA concentration of erythrocyte membrane
in lambs fed sunflower oil supplemented diet than lambs fed the linseed oil
containing diet.

Fatty acids composition of erythrocyte membrane reflects that of other tissues,
and also dietary FA composition. The linseed oil diet has higher concentration
of C18:3n-3, and the sunflower oil diet has higher concentration of C18:2n-6.
Additionally, C18:2 was converted into C18:2¢-9,t-11 in the rumen, while
C18:2n-6 and C18:3n-3 were converted into C20:4n-6, C20:5n-3 and C22:6n-3,
respectively, by serial desaturation and elongation in the tissues. Therefore, lambs
fed sunflower oil containing diet had higher (P<0.01) concentrations of C18:2n-6
and C18:2¢-9,t-11, and those were fed with linseed oil diet had higher (P<0.001)
concentrations of C18:3n-3 and C20:5n-3. Interestingly, the concentration of
C20:4n-6 in erythrocyte membrane showed no difference between lambs fed
linseed or sunflower oil diet, and sunflower oil diet resulted higher concentration
of C22:6n-3 (P<0.01). This was probably caused by the average life-span of
the erythrocytes, usually 4-5 months, and the dietary changes of C20:4n-6 and
C22:6n-3 fatty acids concentration of erythrocyte membranes lasted only for
50 days.

Selenium is a part of the active center of GSH-Px, which catalyzes the reduction
of peroxides. MDA is a meta-stable end product of lipid peroxidation.

Table 3. Effect of diets on the antioxidant status of erythrocyte membrane

Item Treatment SEM Significance'
LO LOSe SO SOSe Se PUFA PUFA*Se

Total antioxidative capability

U/mg protein 0.98 1.20 1.19 1.34 0.04 ok HAK ns
Glutathione peroxidase activity

U/mg protein 81.74 11890 81.42 11034 579  ** ns ns
Malondialdehyde

nmol/mg protein 1.34 0.89 0.95 0.65 0.07  *** HoEk ns

I'ns: not significant, P>0.05; *P<0.05; **P<0.01; ***P<0.001

In present study the selenium supplementation increased (P<0.01) the activity
of GSH-Px and TAOC, and decreased (P<0.001) the concentration of MDA in
erythrocyte membrane (Table 3). Erythrocyte membrane of lambs fed sunflower
oil diet had higher (P<0.001) concentration of TAOC and lower (P<0.001)
concentration of MDA than those fed linseed oil diet, which indicated the higher
degree of unsaturation of n-3 PUFA than n-6 PUFA.
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