Fatty acid composition of different fat depots of lambs fed diets rich in n3
polyunsaturated fatty acids
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Abstract

The present study evaluated the effect of diets containing different sources of n3 PUFA, linolenic acid
(C18:3n3; LNA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA), on fatty acid composition
in different fat depots of lambs. The experimental diets, with similar fatty acid levels, were: control, linseed,
linseed plus microalgae, and fish oil. Male lambs with an initial live weight of 12 Kg were offered one of the
four diets until a 26 Kg of slaughter live weight. Fatty acids of subcutaneous, kidney knob and channel fat
(KKCF), and intramuscular fat depots were analyzed. As expected, lambs fed the linseed diet had the highest
LNA proportion (2.2-2.5%) in all fat depots. On the other hand, lambs fed control or fish oil diets had the
lowest LNA proportion (0.25-0.40%). Lambs fed linseed plus microalgae had an intermediate proportion
(1.5-1.8%). Feeding fish oil increased long-chain n3 fatty acid (DHA and EPA) in all fat depots. However,
EPA and DHA were mainly deposited in intramuscular fat, except in lambs fed the control diet, where
differences among fat depots were not significant. Fat from lambs fed diets rich in n3 showed a lower n6/n3
ratio (1.2-2.6) than lambs fed control diet (8.0-10.1). KKCF of control lambs showed the highest n6/n3 ratio
(10.12).

Introduction

There is great interest in modifying the fatty acid profile in the meat of ruminants to reduce saturated
fatty acids (SFA) and increase polyunsaturated fatty acids (PUFA), especially those belonging to the n3
family (Raes et al., 2004). Vegetable oils like linseed, which contains linolenic acid, or marine products like
fishmeal, fish oils, and microalgae, which are greater sources of EPA and DHA have been used as sources
rich in n3 fatty acids (Wachira et al., 2002; Kitessa et al., 2001). Since dietary fatty acids are hydrogenated in
the rumen, the composition of fatty acids in the fat depots of ruminants is not greatly influenced by dietary
fat (Gulati et al., 1997). However, Palmquist (1994) showed that the rate of ruminal lipolysis is directly
related to the level of fat unsaturation. Some authors (Fievez, et al., 2000) have found a lower rate of
lipolysis of fatty acids in fish oil and algae compared to vegetable oils (Dohme et al., 2003) and have
observed at the same time lower percentages of biohydrogenation in the most polyunsaturated fatty acids
(EPA and DHA) compared to other PUFAs. In ruminants, the fat of the internal depots (omental, mesenteric,
and kidney knob and channel) is more saturated than that of subcutaneous and intramuscular depots which
are related with the quality meat (Lee et al., 2007).

The present study evaluated the effect of diets containing different sources of n3 PUFA: linolenic acid
(LNA), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) on fatty acid composition in
different fat depots of lambs.

Materials and methods

This study was carried out with 44 Manchega breed male lambs with an initial live weight of 12 kg.
All animals were fattened in individual boxes with experimental diets: control, linseed, linseed plus
microalgae, and fish oil. Fatty acid composition of the four experimental diets is shown in Table 1.



Table 1. Fatty acid composition (%) of the four experimental diets

Control  Linseed Microalgae plus linseed  Fish oil

C16:0 57.3 13.8 14.8 27.8
C18:0 18.2 3.3 3.2 5.0
Ci18:1 6.0 17.9 20.1 20.0
LA 13.4 29.1 28.6 22.8
LNA 3.2 34.7 28.6 24
EPA - - 0.1 2.8
DHA - - 0.4 6.3

Lambs were slaughtered at a live weight of 26 kg. Samples selected for analysis were subcutaneous fat
tissue (SC), kidney knob and channel fat (KKCF), and intramuscular fat (IM) of longissimus muscle. Fat was
obtained by a modified Bligh & Dyer method (Hanson & Olley, 1963) from different samples. Fatty acid
methyl esters (FAMES) were prepared by a modified Morrison & Smith method (Morrison & Smith, 1964).
FAMES were analyzed by gas chromatography using an Agilent Technologies 6890 gas chromatograph
(GC) equipped with a flame ionization detector (FID). Separation was carried out on an Omegawax 320
fused-silica capillary column (30mx0.32mm i.d., 0.25um film thickness). GC conditions were: oven
temperature 200 °C, hold for 60 min, and injector and detector temperatures 260 °C. Carrier gas was helium
(11 psi) and samples were injected (0.2 ul) in the split mode (1:50). Individual FAMES were identified by
comparing their retention times with those of standards supplied by Sigma Aldrich. Results are expressed as
a percentage of the total of fatty acids analyzed: C10:0, C12:0, C14:0, C16:0, C16:1, C17:0, C17:1, C18:0,
C18:1, C18:2n6 (LA), C18:3n4, C18:3n3 (LNA), C18:2c9-t11 (CLA), C20:0, C20:1n9, C20:4n6 (ARA),
C20:4n3, C20:5n3 (EPA), C22:4n6, C22:5n3 (DPA) y C22:6n3 (DHA). An ANOVA was performed to
analyze the effect of diet (D), fat depot (F) and the interaction DxF.

Results and discussion
Table 2 shows the effect of the different experimental diets and of the type of fat depot on the
proportion of the fatty acids of most interest.

Table 2. Mean values of fatty acid proportions of fat depots (F) and experimental diets (D)

Control Linseed Microalgae plus linseed Fish ail significance

IM  KKCF SsC IM  KKCF SC IM  KKCF sC IM KKCF SC RSEM F D F*D

C16:0 2333 2336 2644 2228 18.96 22.39 22.64 18.27 2343 2730 21.64 26.89 171 ** *kx Ak
C18:0 13.69 26.59 13.73 13.00 2391 14.01 11.86 2191 12.89 1220 2271 1456 230 ** * NS
C18:1 43.88 3750 43.83 4159 4129 44.95 4392 4521 46.56 37.69 39.85 40.11 244 **x *x k%
LA 7.03 392 361 8.17 490 442 735 431 375 500 323 272 098 ** ** NS
LNA 038 031 0.33 249 246 219 179 178 151 029 029 025 035 NS ** NS
CLA 033 029 040 045 040 057 060 052 0.70 059 050 062 022 NS ** NS
ARA 222 0.08 0.8 210 0.08 0.14 196 007 0.13 218 024 030 034 ** NS NS
EPA 0.17 0.02 0.03 0.60 0.05 0.09 052 0.04 0.08 180 042 055 019 ** **x oxx
DPA 041 0.04 0.09 083 015 0.21 067 012 0.18 118 049 060 0.12 ** **  **
DHA 021 0.01 0.04 052 0.08 0.16 0.62 0.07 017 265 086 162 033 ** *x xx
n3 120 040 050 449 275 267 364 203 196 6.07 217 312 0714 ** **  xx
né 950 4.03 385 1045 5.00 4.60 946 440 392 731 351 3.08 1243 ** ** NS
né/n3 8.05 10.14 8.16 233 183 174 261 218 202 125 180 121 Q.75 ** **x xx
PUFA/SFA 027 0.09 0.11 039 017 0.8 035 016 0.16 031 013 014 0.05 ** ** NS

significance; * P <0.01; ** P <0.01; NS: no significant.

The type of fat deposit influenced fatty acid composition. Kidney knob and channel fat, as the most
internal depot, had the highest stearic acid (C18:0) proportion. Intramuscular fat, conversely, had a higher
content in linoleic acid (LA) and arachidonic acid (ARA), as well as, total n6 PUFA. Intramuscular depot
also showed the highest PUFA/SFA ratio.

There was also an effect of diet on the deposition of some fatty acids. As expected, lambs fed linseed
diet had the highest LNA proportion (2.4%). On the other hand, lambs fed control or fish oil diets had the
lowest LNA proportion (0.3%), while lambs fed linseed plus microalgae had an intermediate proportion
(1.7%). The CLA was found in a lower proportion in animals that received the control rations (0.3%) than in



those that received the supplemented diets (0.5, 0.6, and 0.6% for linseed, microalgae plus linseed, and fish
oil, respectively). Total n6 PUFA proportion also was the lowest in lambs fed fish oil.

A significant interaction (P <0.01) was observed between diet and the type of fat depot in the
proportions of

C16:0, C18:1, n3 long chain fatty acids (EPA, DPA and DHA), total n3, and the né/n3ratio. EPA,
DPA, and DHA and, hence, total n3 fatty acids, were deposited in a higher proportion in intramuscular fat
than in KKCF or subcutaneous fat. The differences between the depots were greater in animals fed fish oil
diet than in those fed the other supplemented diets and above all the animals with the control diet. The
highest proportion of n3 fatty acid in animals supplemented with fish oil was due to the highest long chain
fatty acids (DHA, EPA, and DPA) proportion, while in animals fed linseed and linseed plus microalgae was
due to LNA (Wachira et al., 2002).

Conclusions

As expected, lambs fed linseed diet had the highest LNA proportion in all fat depots and lambs fed
control or fish oil diets had the lowest LNA proportion. Feeding fish oil increased long-chain n3 fatty acid
(DHA and EPA) in all fat depots especially in intramuscular fat. Fat from lambs fed diets rich in n3 showed
lower n6/n3ratio than lambs fed the control diet. KKCF of control lambs showed the highest n6/n3ratio.
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