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PAPER

Fatty acid profile of feral cattle meat
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Mar�ıa Esperanza Camachoe

aDepartamento de Gen�etica, University of C�ordoba, C�ordoba, Spain; bInstituto Nacional de Investigaç~ao Agr�aria e Veterin�aria,
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Producci�on Animal, University of C�ordoba, C�ordoba, Spain; eInstituto de Investigaci�on y Formaci�on Agraria y Pesquera (IFAPA),
C�ordoba, Spain

ABSTRACT
Marisme~na is a feral Spanish cattle breed reared in the Do~nana National Park, whose meat qual-
ity is traditionally appreciated in the area of influence. We assessed male (n¼ 32) and female
(n¼ 22) Marisme~na calves raised in their natural habitat (n¼ 30) vs. feedlot conditions (n¼ 24) to
test differences in the lipid profiles of the m. longissimus thoracis. Meat from the feral system
displayed (p< .05) lower intramuscular fat (IMF) (0.93%), higher saturated fatty acids (SFA) (18:0)
proportion, and lower monounsaturated fatty acids (MUFA) proportion compared with feedlot
meat. Polyunsaturated fatty acids (PUFA) percentage was higher for feral meat compared with
feedlot meat, especially the proportion of PUFA n-3, which was about 8.5 times greater. The
PUFA/SFA (0.37) and PUFA n-6/n-3 (2.87) ratios showed that feral meat was presumably healthier,
from a human dietary perspective, than feedlot meat (0.21 and 13.42, respectively). This study
used a direct comparison of natural feral meat and conventional feedlot meat in cattle, and the
results demonstrated a clear influence of natural production on the constituents of meat.
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Introduction

Marisme~na is a breed of cattle raised under feral con-
ditions in the National Park of Do~nana, which is a nat-
ural reserve located in southern Spain. Almost 95% of
the individuals belonging to the breed live there, in an
area comprising about 100,000 ha. The breed has a
long historical tradition, with references to it dating
back to the thirteenth century (Calder�on 2008), but
the present census of 2204 animals indicates that the
Marisme~na is an endangered breed. Marisme~na cattle
raised in Do~nana Park are fed exclusively on natural
pastures with almost no human interference, such that
they are only herded together for official health check
controls and for animal identification once a year
(Lazo 1995). Natural mating takes place in the wild,
and Marisme~na calves are born under feral conditions,
receiving maternal milk until they are naturally
weaned. Occasionally, some young animals are bought
by external meat managers, and fattened using a con-
ventional feedlot system.

In recent years, increased awareness about the
effect of ingestion of saturated fats in diet and its

effect on human health has promoted a negative per-
ception by consumers towards some animal products,
such as beef (Daley et al. 2010). This is thought to be
a consequence of the low levels of PUFA and high lev-
els of some hypercholesterolemic SFA in beef, which
raises total and low-density lipoprotein (LDL) choles-
terol after ingestion (Scollan et al. 2006). However, the
lipid profiles of cattle show variability, depending
upon factors such as diet, breed, sex and age (Scollan
et al. 2014; Sevane et al. 2014). In general, meat pro-
duced by animals under extensive conditions is leaner,
with the IMF being rich in PUFA n-3, conjugated lino-
leic acid (CLA), and t11-18:1 fatty acids (FAs), which
are related to the maintenance of health (Daley et al.
2010). The differences among breeds seem to be
linked/associated to differences in the genome and
expression of proteins, which intervene in the quantity
and kinds of fat deposition (Shingfield et al. 2013).

Meat and meat products originating from different
types of production systems are receiving increased
scrutiny by consumers, especially when they are pro-
duced under circumstances that are perceived to be
associated with animal welfare. The special conditions
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under which Marisme~na cattle are produced may rep-
resent an important added value, thus contributing
towards the conservation of the breed. In these terms,
this study was conducted to characterise lipid profiles
of male and female Marisme~na cattle, reared in the
wild (feral system; FS) or in captivity under conven-
tional intensive conditions (IS).

Materials and methods

Sampling was adapted to take into account the special
circumstances of this feral breed management, and
recognising the fact that 95% of the animals belong-
ing to the breed lives in the National Park of Do~nana
under feral conditions. This area is mostly marshland
for the greater part of the year, and animal manage-
ment is performed only from midsummer until the
end of the summer. At this time, all the animals are
herded together for sanitary checks and for the identi-
fication of new-born calves.

Animal sampling and rearing systems

For this study, 54 Marisme~na calves, born and raised
under feral conditions in Do~nana National Park during
the spring and with an estimated age of 147.31 ± 34.27
days and a mean live weight of 130.62 ± 45.64 kg, were
random and proportionally chosen from the total num-
ber of male and female calves caught during the man-
agement season in the summer. These animals were
assumed to be representative of the whole population
raised in the Park, and were separated into two groups:
the first group comprised 30 animals (10 females and
20 uncastrated males) which were marked and reintro-
duced into FS, and another group of 24 animals (12
females and 12 uncastrated males) which were moved
to a nearby experimental feedlot where they were
raised intensively (IS) with grain supplementation, dur-
ing 14 months. Sampling was proportional to the total
number of females and males caught in the season,
which is unbalanced because more females are kept for
replacement than males.

Animals raised in the Park under feral conditions
had continuous access to native pastures, being
Anthoxanthum ovatum, Vulpia membranacea,
Chaetopogon fasciculatus, Anthemis cotufa, Tolpis bar-
bata, Ornithopus sativus, Cynodon dactylon, Panicum
repens, Juncus maritimus, Eleocharis palustris and Cressa
cretica the most abundant and consumed species in
the pasture (Lazo & Soriguer 1993). The IS group of
animals received, in addition to alfalfa hay supplied ad
libitum, a concentrate supplement composed of 39.8%
corn, 17.8% barley, 12.1% soybean meal, 6.6% DDGS,

6.4% wheat bran, 6% gluten feed, 3% soybean hulls,
2.7% sorghum, and 5.4% vitamins and minerals. The
amount of feed supplied was adjusted with live
weight, such that, over the finishing period consid-
ered, animals received an average of 7.5 kg of concen-
trate per day, administered twice daily. The chemical
composition and fatty acid profile of the finishing diet
used in the feedlot are presented in Table 1.

Sample collection

Given the absence of systematic management, experi-
mental animals were very heterogeneous. They were
slaughtered at an age of 552.40 ± 34.65 days, at a live
weight of 329.86 ± 99.32 kg, in a slaughter plant, follow-
ing EU regulations on the protection of animals during
transport and related operations, and at the time of kill-
ing. Meat samples from each carcase were collected
from the m. longissimus thoracis between the fifth and
seventh rib, at 24 h post mortem. Samples were indi-
vidually packaged, identified, fast-frozen, and stored at
�20 �C until required for further analysis, at which time
they were placed at 4 �C for thawing. The samples were
trimmed to remove visible adipose and connective tis-
sues, and minced in a commercial mixer/blender until
total homogenisation of the sample was achieved.

Laboratory analysis

Chemical analyses were carried out following AOAC
recommendations (AOAC 2005) to determine the prox-
imate composition of meat, including moisture and
IMF. To determinate IMF, duplicate samples of fresh
meat were boiled with a 4 N HCl solution and subse-
quently washed and filtered to obtain a residue on

Table 1. Chemical composition of concentrate
supplied in intensive system and fatty acid profile
(in % of total fatty acids) of finishing diet (con-
centrate and alfalfa hay).

Concentrate Alfalfa hay

Chemical composition, %
Crude protein 15
Crude ash 6.3
Cellulose 5.5
Crude fat 4.2
Ca 0.7
P 0.4
Mg 0.2

Fatty acid profile, %
14:0 0.72 4.29
16:0 17.95 19.31
18:0 2.54 1.99
18:1 c-9 18.99 3.03
18:2 n-6 40.76 13.85
18:3 n-3 2.32 21.19
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which a Soxhlet extraction was performed using pet-
roleum ether as solvent. In all cases, the results were
expressed in percentage of the meat sample. For the
analyses of FAs, total lipids were extracted from 0.5 g
of freeze-dried sample, using chloroform/methanol (2/
1; v/v) as described by Folch et al. (1957). The prepar-
ation of FA methyl esters (FAMEs) was carried out as
described by Raes et al. (2001), using NaOH/MeOH and
HCl/MeOH. The FAMEs were submitted to gas–liquid
chromatography (GLC) on an Agilent HP 6890 chro-
matograph (Agilent Technologies Inc., Palo Alto, CA)
equipped with a flame ionisation detector, using a
split injector ratio of 1:10 and a 100 m capillary col-
umn (100m� 0.25mm internal diameter �0.20 lm
film thickness; CP-Sil 88; Varian Inc., Walnut Creek, CA).
The temperature and other chromatograph settings
were as follows: initial column temperature of 100 �C
for 1min, which was increased to 150 �C at 1 �C/min
and maintained for 20min; increased by 1 �C/min up
to 190 �C and maintained for 5min; and finally,
increased by 1 �C/min up to 200 �C and maintained for
35min. The temperature was kept at 250 �C for the
injector and 280 �C for the detector. Helium was the
carrier gas, at a constant pressure of 32.78 psi. FAs
were identified by comparison of retention times with
those of a FAME standard mix (Supelco37 standard
FAME Mix, Supelco Inc., Bellefonte, PA), and quantifica-
tion was obtained by normalisation. The FA compos-
ition was expressed both as a proportion of total FA
identified and as mg/100 g of fresh muscle.

Data processing and statistical analysis

Statistical analyses were carried out by analysis of vari-
ance (ANOVA) of chemical composition variables, FA
composition, and groups and ratios of FAs, using the
General Lineal Model procedure of the SAS software
version 9.0 (SAS 2002). In all cases, the animal was
considered to be the experimental unit, and two-way
ANOVA was performed, including the fixed effects of
sex and management system, together with their
interaction. In addition, age at slaughter was included

as a covariate, to account for the differences between
individuals resulting from their random selection from
the herds. Regression functions of MUFA, PUFA, and
SFA with respect to IMF were obtained using the REG
procedure of SAS software.

Results

IMF and moisture content

The means and results obtained using the two-way
ANOVA analysis for IMF and moisture content are pre-
sented in Table 2. Statistically significant differences
were found for both factors: management system and
sex. The R2 was high (>.70), demonstrating high effi-
ciency for the model. Overall, the contents of the two
meats differed substantially, with the FS meat having a
lower IMF, and a higher moisture content than the IS
meat. In addition, meat from males showed a lower
IMF and a higher moisture content, compared with
that from females.

Saturated fatty acids

Compared with IS meat, FS meat had approximately
6% higher proportion of SFA (p< .01) (Table 3). All
individual SFA were affected by the production system
(p< .05), except for the proportions of 14:0, 16:0, 17:0
anteiso, and 22:0. In particular, FS had 5% higher pro-
portions of 18:0. Although the SFA means were similar
between the sexes, meat from females had higher
relative values of 14:0 and 16:0 than meat from males.

When the comparison was based on the amount of
SFA (Table 4), it was nearly twice higher in females
than in males and in animals finished intensively than
in the feral group. These differences were mostly a
consequence of increased levels of 16:0 and 18:0 in
females and in the group finished intensively.

Monounsaturated fatty acids

More than half of the identified MUFA were affected
by the production system (Table 5), such that IS meat

Table 2. IMF and moisture content (g/100 g of fresh muscle) in m. longissimus thoracis of female and
male Marisme~na cattle finished under feral or intensive systems.

System Sex Significance level

Feral Intensive Male Female System Sex Interaction Age RSD

Moisture 75.94 72.63 74.82 73.75 ��� �� � ns 1.11
IMF 1.22 3.46 1.72 2.96 ��� ��� �� ns 0.80

IMF: Intramuscular fat; RSD: residual standard deviation.�p < .05.��p < .01.���p < .0001.
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had higher proportions of total MUFA and cis-MUFA
(nearly 1.4 times more than FS), and higher mean pro-
portions of 18:1 c-9, 16:1 c-9, 20:1 c-11, 18:1 c-13, 18:1
c-11, and 18:1 t-9. In contrast, FS meat had higher rela-
tive values of 16:1 c-7, 16:1 t-9, and 18:1 t-11 (1.5
times higher). Higher proportions of MUFA and cis-
MUFA were also found in females, due to the larger
percentages of 18:1 c-15, 18:1 c-13, 16:1 c-9, and 18:1
c-9 in their meat. No differences were observed for
proportion of trans-MUFA between sexes.

When the comparison is based on the amount of
FA (Table 4), animals in IS had nearly four times more
total MUFA than those in FS, and females had twice
the amount found in male. This was mostly due to
increased amounts of 18:1 c-9 and 16:1 c-9 in IS and
in females, while for the rest of MUFA the differences
were smaller.

Polyunsaturated fatty acids

The proportion of total PUFA was higher for FS ani-
mals, being almost twice that observed in IS animals
(Table 6). The Relative value of PUFA n-6 was 1.5 times
greater and PUFA n-3 was 8.5 times greater in FS than
in IS meat. Overall, all individual proportions of PUFA
were affected by the production system (p< .05), with
the exception of 18:2 c-9, t-11, and 22:5 n-6. The 18:3
n-6, 20:5 n-3 (EPA), 22:5 n-3, and 22:6 n-3 (DHA) had
proportions which were six times higher and 18:2 n-6
was 50% higher in FS than in IS. Males showed greater
proportions of PUFA, PUFA n-6, and PUFA n-3 than
females.

When the amount of FA in meat was considered
(Table 4), the total PUFA, n-6 and n-3 differed between

finishing systems, with IS having higher means for
total PUFA and n-6 and lower means for n-3. However,
the various individual PUFA differed when compared
among finishing systems, such that 18:2 n-6, 20:2 n-6,
20:4 n-6 and 22:4 n-6 were higher (p< .05) in IS when
compared with FS, and the opposite pattern was
observed for 18:3 n-3, 20:5 n-3, 22:5 n-3 and 20:6 n-3.
Only total n-3 differed between sexes, with higher
means in females (p< .05), but differences in individual
FA were minor.

Ratios and indexes

Estimated means for the PUFA/SFA and n-6/n-3 PUFA
ratios are shown in Table 7. In the two cases, both the
finishing system and sex effects, as well as their inter-
action, gave significant results. The FS meat had
higher PUFA/SFA levels than in IS, whereas the oppos-
ite was true for n-6/n-3. Males showed lower PUFA/
SFA and n-6/n-3 ratios than females. Desaturation
indexes for 16 and 18 were significantly affected by
both system and sex, being greater for IS and females.

Significant interactions between system and sex
effects

The production system influenced 39 of the 55 studied
variables, whereas the effect of sex influenced 24 vari-
ables. The variables not affected by production system
were: 14:0, 16:0, 17:0 anteiso, 22:0, 14:1 c-9, 17:1 c-9,
18:1 c-12, 18:2 c-15, 18:1 t-6, t-7, t-8, 18:1 t-10, 18:1 t-
12, 18:2 c-9, t-11 (CLA), 22:5 n-6, MUFA trans, and
elongase (16 to 18).

Table 3. SFA composition (% of total identified fatty acids) in m. longissimus thoracis of female and male
Marisme~na cattle finished under feral or intensive systems.

System Sex Significance level

Feral Intensive Male Female System Sex Interaction Age RSD

14:0 1.83 1.85 1.61 2.07 ns �� ns ns 0.61
15:0 0.59 0.25 0.44 0.40 ��� ns ns ns 0.15
15:0 iso 0.23 0.08 0.15 0.15 ��� ns ns ns 0.07
15:0 anteiso 0.28 0.10 0.20 0.18 ��� ns ns ns 0.08
16:0 22.48 23.06 21.77 23.77 ns �� � ns 1.92
17:0 1.21 0.81 1.02 1.00 ��� ns ns ns 0.18
17:0 iso 0.51 0.27 0.41 0.36 ��� ns ns ns 0.10
17:0 anteiso 0.44 0.43 0.44 0.44 ns ns ns � 0.27
18:0 20.47 15.49 18.52 17.45 ��� ns � ns 2.58
20:0 0.21 0.11 0.16 0.17 ��� ns ns � 0.06
21:0 0.07 0.04 0.06 0.05 �� ns ns ns 0.03
22:0 0.43 0.26 0.40 0.29 ns ns ns ns 0.35
SFA 48.98 42.8 45.34 46.51 ��� ns �� ns 3.86

RSD: residual standard deviation; SFA ¼14:0þ 15:0þ 15:0 iso þ15:0 anteiso þ16:0þ 17:0þ 17:0 iso þ17:0 anteiso
þ18:0þ 20:0þ 21:0þ 22:0.
ns ¼ p > .05.�p < .05.��p < .01.���¼ p< .0001.
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The interaction of both factors was not important,
but it was significant in the following variables: IMF
content, moisture content, 16:0, 18:0, 18:1 c-11, 20:2 n-
6, 18:3 n-3, 20:5 n-3, 22:5 n-3, SFA, PUFA, PUFA n-3,
PUFA/SFA ratio, and n-6/n-3 ratio (Table 8). Chemical
composition of the m. longissimus thoracis showed

that although both males and females in the FS sys-
tem gave similar results for moisture and IMF, IS males
had lower amounts of IMF and higher amounts of
moisture when compared with IS females (4.7 times),
while IMF in IS males was almost half that of IS
females. Significant interactions were found for SFA

Table 4. Fatty acid composition (mg/100 g of fresh muscle) in m. longissimus thoracis of female and male Marisme~na cattle fin-
ished under feral or intensive systems.

System Sex Significance level

Feral Intensive Male Female System Sex Interaction Age RSD

14:0 25.95 63.31 29.03 60.24 ��� ��� ns ns 18.55
15:0 7.74 8.08 6.12 9.70 ns �� ns ns 3.17
15:0 iso 3.14 2.43 2.02 3.55 ns ��� � ns 1.26
15:0 anteiso 3.84 3.25 2.86 4.23 ns �� � ns 1.61
16:0 283.19 804.86 383.23 704.83 ��� ��� � ns 188.39
17:0 15.64 27.23 15.65 27.22 ��� ��� ns ns 6.72
17:0 iso 6.43 8.98 5.95 9.46 �� ��� ns ns 2.47
17:0 anteiso 5.19 14.85 8.27 11.77 ��� ns ns �� 6.66
18:0 254.32 528.77 308.15 474.94 ��� ��� ns ns 133.58
20:0 2.89 3.86 2.63 4.11 � �� ns ns 1.41
21:0 0.87 1.15 0.81 1.22 ns � ns ns 0.65
22:0 3.93 8.96 5.79 7.09 �� ns ns ns 5.22
14:1 c-9 2.64 9.50 4.67 7.47 ��� � ns ns 4.42
16:1 c-7 4.04 6.14 3.82 6.37 �� ��� ns ns 1.72
16:1 c-9 22.23 107.84 41.17 88.90 ��� ��� �� ns 26.95
16:1 t-9 1.38 1.28 1.12 1.54 ns � ns ns 0.66
17:1 c-9 7.47 21.78 10.05 19.20 ��� ��� �� ns 5.62
18:1 c-9 316.70 1363.11 568.05 1111.77 ��� ��� �� ns 298.12
18:1 c-11 9.67 87.44 30.89 66.23 ��� �� ��� ns 29.53
18:1 c-12 10.14 18.41 11.61 16.94 �� ns ns ns 9.39
18:1 c-13 1.82 12.68 4.35 10.15 ��� ��� ��� � 3.74
18:1 c-15 1.79 4.24 1.77 4.26 ��� ��� ns �� 1.41
18:1 t-6, t-7, t-8 1.40 5.38 2.83 3.94 ��� ns ns � 2.27
18:1 t-9 1.91 7.43 3.59 5.75 ��� �� ns � 2.38
18:1 t-10 7.44 20.79 8.57 19.66 �� �� ns ns 12.38
18:1 t-11 18.91 35.91 19.94 34.89 �� �� ns � 15.36
18:1 t-12 3.24 8.10 4.58 6.76 �� ns ns ns 4.27
20:1 c-11 0.49 5.44 2.39 3.54 ��� ns � �� 2.74
18:2 c-9, t-11 4.57 13.57 6.58 11.56 ��� �� � � 4.77
18:2 n-6 88.18 166.84 127.27 127.75 ��� ns ns ns 28.65
18:3 n-6 1.45 1.64 1.23 1.86 ns � ns �� 0.87
20:2 n-6 1.14 1.72 1.38 1.48 �� ns � ns 0.55
20:3 n-6 1.34 1.32 1.08 1.58 ns �� ns ns 0.59
20:4 n-6 33.85 47.10 38.00 42.95 �� ns ns ns 10.66
22:4 n-6 1.27 6.33 3.08 4.53 ��� �� �� ��� 1.29
22:5 n-6 1.70 2.21 1.75 2.15 ns ns ns �� 1.39
18:3 n-3 23.28 9.94 14.89 18.34 ��� ns ns ns 6.20
20:5 n-3 (EPA) 12.76 1.92 6.96 7.72 ��� ns ns ns 3.16
22:5 n-3 (DPA) 16.96 6.85 11.04 12.78 ��� ns � ns 3.41
22:6 n-3 (DHA) 1.39 0.72 1.00 1.11 �� ns ns ns 0.62
SFA 615.62 1479.74 772.57 1322.79 ��� ��� � ns 342.23
MUFA cis 373.09 1621.29 676.88 1317.50 ��� ��� �� ns 363.01
MUFA trans 29.39 72.37 37.32 64.44 ��� �� ns � 24.06
MUFA 406.10 1705.20 720.09 1391.22 ��� ��� �� ns 387.14
PUFA n-6 135.64 236.34 179.27 192.70 ��� ns ns ns 39.29
PUFA n-3 54.41 19.31 33.84 39.87 ��� � ns ns 9.81
PUFA 194.19 269.25 219.63 243.81 ��� ns ns ns 47.48

RSD: residual standard deviation; SFA ¼14:0þ 15:0þ 15:0 iso þ15:0 anteiso þ16:0þ 17:0þ 17:0 iso þ17:0 anteiso þ18:0þ 20:0þ 21:0þ 22:0.
MUFA cis¼ 14:1 c-9þ 16:1 c-7þ 16:1 c-9þ 17:1 c-9þ 18:1 c-9þ 18:1 c-11þ 18:1 c-12þ 18:1 c-13þ 18:1 c-15þ 20:1 c-11.
MUFA trans¼ 16:1 t-9þ 18:1 t-6, t-7, t-8þ 18:1 t-9þ 18:1 t-10þ 18:1 t-11þ 18:1 t1-2.
MUFA ¼14:1 c-9þ 16:1 c-7þ 16:1 c-9þ 17:1 c-9þ 18:1 c-9 þ -18:1 c-11 þ -18:1 c-12 þ -18:1 c-13þ 18:1 c-15þ 20:1 c-11þ 16:1 t-9þ 18:1 t-6, t-7, t-
8þ 18:1 t-9þ 18:1 t-10þ 18:1 t-11þ 18:1 t-12.
PUFA n-6¼ (18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6).
PUFA n-3¼ (18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
PUFA ¼ (18:2 c-9, t-11þ 18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6þ 18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
ns ¼ p > .05.�p < .05.��p < .01.���p < .0001.
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and PUFA such that animals raised in FS had higher
percentages of SFA (p< .05), which were also higher in
females than in males, due to the higher proportion of
18:0 in those groups. However, a low percentage of
16:0 was found for FS males compared with other
groups. Elevated proportions of PUFA (p< .05) were

observed in meat from FS males, and these were 2–3
times higher than for the other combinations. This
resulted in greater percentages of PUFA n-3 (18:3 n-3;
20:5 n-3, 22:5 n-3) and 20:2 n-6. Compared with males
from FS, females showed nearly half the level of PUFA
n-3.

Table 5. MUFA composition (% of total identified fatty acids) in m. longissimus thoracis of female and male
Marisme~na cattle finished under feral or intensive systems.

System Sex Significance level

Feral Intensive Male Female System Sex Interaction Age RSD

14:1 c-9 0.24 0.28 0.27 0.25 ns ns ns ns 0.16
16:1 c-7 0.30 0.19 0.25 0.24 ��� ns ns ns 0.07
16:1 c-9 1.68 3.07 2.12 2.63 ��� �� ns � 0.53
16:1 t-9 0.12 0.04 0.09 0.06 ��� ns ns ns 0.06
17:1 c-9 0.59 0.63 0.61 0.61 ns ns � � 0.19
18:1 c-9 26.02 38.52 29.56 34.98 ��� ��� ns ns 2.83
18:1 c-11 0.97 2.23 1.63 1.57 ��� ns � ns 0.94
18:1 c-12 0.74 0.59 0.72 0.61 ns ns ns ns 0.52
18:1 c-13 0.17 0.35 0.22 0.30 ��� � ns ns 0.13
18:1 c-15 0.13 0.11 0.10 0.15 ns �� ns �� 0.04
18:1 t-6, t-7, t-8a 0.12 0.15 0.14 0.13 ns ns ns ns 0.06
18:1 t-9 0.17 0.21 0.19 0.19 � ns ns ns 0.05
18:1 t-10 0.51 0.58 0.52 0.57 ns ns ns ns 0.44
18:1 t-11 1.52 1.00 1.17 1.34 � ns ns ns 0.64
18:1 t-12 0.24 0.25 0.27 0.22 ns ns ns ns 0.16
20:1 c-11 0.08 0.15 0.11 0.11 �� ns ns ��� 0.06
MUFA cis 30.88 45.75 35.50 41.13 ��� ��� ns ns 2.89
MUFA trans 2.39 2.04 2.15 2.28 ns ns ns ns 0.64
MUFA 33.62 48.11 37.98 43.74 ��� ��� ns ns 3.19
aTotal percentage of 18:1 t6, t7, and t8 isomers.
RSD: residual standard deviation; MUFA cis¼ 14:1 c-9þ 16:1 c-7þ 16:1 c-9þ 17:1 c-9þ 18:1 c-9þ 18:1 c-11þ 18:1 c-12þ 18:1 c-13þ 18:1
c-15þ 20:1 c-11.
MUFA trans¼ 16:1 t-9þ 18:1 t-6, t-7, t-8þ 18:1 t-9þ 18:1 t-10þ 18:1 t-11þ 18:1 t1-2.
MUFA ¼14:1 c-9þ 16:1 c-7þ 16:1 c-9þ 17:1 c-9þ 18:1 c-9 þ -18:1 c-11 þ -18:1 c-12 þ -18:1 c-13þ 18:1 c-15þ 20:1 c-11þ 16:1 t-
9þ 18:1 t-6, t-7, t-8þ 18:1 t-9þ 18:1 t-10þ 18:1 t-11þ 18:1 t-12.
ns ¼ p > .05.�p < .05.��p < .01.���p < .0001.

Table 6. PUFA composition (% of total identified fatty acids) in m. longissimus thoracis of female and male Marisme~na cattle fin-
ished under feral or intensive systems.

System Sex Significance level

Feral Intensive Male Female System Sex Interaction Age RSD

18:2 c-9, t-11 0.40 0.38 0.37 0.41 ns ns ns � 0.12
18:2 n-6 7.82 5.55 8.63 4.74 �� ��� ns ns 2.49
18:3 n-6 0.12 0.05 0.10 0.07 �� ns ns ns 0.07
20:2 n-6 0.11 0.05 0.11 0.05 �� �� � ns 0.05
20:3 n-6 0.11 0.04 0.08 0.07 ��� ns ns ns 0.04
20:4 n-6 3.05 1.55 2.86 1.73 �� �� ns ns 1.26
22:4 n-6 0.12 0.20 0.17 0.14 �� ns ns ��� 0.07
22:5 n-6 0.12 0.08 0.12 0.08 ns ns ns � 0.09
18:3 n-3 2.02 0.30 1.46 0.87 ��� �� �� ns 0.76
20:5 n-3 (EPA) 1.15 0.06 0.76 0.45 ��� � � ns 0.45
22:5 n-3 (DPA) 1.56 0.20 1.10 0.66 ��� �� �� ns 0.55
22:6 n-3 (DHA) 0.12 0.02 0.09 0.05 ��� � ns ns 0.05
PUFA n-6 11.93 7.78 12.44 7.27 ��� �� ns ns 3.60
PUFA n-3 4.86 0.57 3.41 2.03 �� ��� �� ns 1.57
PUFA 17.16 8.73 16.21 9.68 ��� ��� � ns 4.95

RSD: residual standard deviation; PUFA n-6¼ (18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6).
PUFA n-3¼ (18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
PUFA ¼ (18:2 c-9, t-11þ 18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6þ 18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
ns ¼ p > .05.�p < .05.��p < .01.���p < .0001.
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Relationship between proportions of fatty acid
groups and intramuscular fat content

The correlation between IMF content and total SFA
results showed a different behaviour for FS and for IS
meats (Figure 1(a)). For FS meat there was a significant
slope of SFA on IMF, whereas for IS meat the slope
was nearly horizontal and the sum of SFA proportions
was almost constant, even if the total fat increased. In
this case, the behaviour of the slopes was mostly
defined by the individual percentages of C16:0 and
C18:0.

The behaviour of total MUFA proportions for regres-
sion on IMF in the IS and FS systems was distinct
(Figure 1(b)). This total relationship was mostly made
up of a combination of MUFA c-9 or C18:1 c-9 percent-
age, which were higher in IS animals. Overall, the
trends of the curves for total SFA and total MUFA
summations were opposing, and showed reciprocity
when considering the feeding system.

With respect to PUFA, the curves for proportions of
total PUFA, PUFA n-6, and PUFA n-3 showed inverse
behaviour (Figure 1(c–e)) compared with the SFA and

Table 7. FAs ratios and indices in m. longissimus thoracis of female and male Marisme~na cattle finished under feral
or intensive systems.

System Sex Significance level

Feral Intensive Male Female System Sex Interaction Age RSD

PUFA/SFA 0.37 0.21 0.36 0.21 �� �� � ns 0.14
n-6/n-3 2.87 13.42 9.73 6.56 ��� ��� ��� � 2.91
DI 16 6.89 11.66 8.72 9.83 ��� � ns �� 1.76
DI 18 55.75 71.24 60.70 66.29 ��� ��� ns ns 3.83
EI 16-18 65.79 67.34 66.65 66.48 ns ns ns ns 2.63

RSD: residual standard deviation; PUFA/SFA ¼ (18:2 c-9, t-11þ 18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-
6þ 18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3)/(14:0þ 15:0 þ iso-15:0þ 15:0 anteiso þ16:0þ 17:0þ 17:0 iso þ17:0 anteiso
þ18:0þ 20:0þ 21:0þ 22:0).
n-6/n-3¼ (18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6)/(18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
DI 16, desaturase index ¼ (16:1 c-9/16:0)�100. According to Aldai et al. (2006).
DI 18, desaturase index ¼ (18:1 c-9/18:0)�100. According to Aldai et al. (2006).
EI, elongase index ¼ (18:0þ 18:1 c-9)/(16:0þ 16:1 c-9þ 18:0þ 18:1 c-9). According to Pitchford et al. (2002).
ns ¼ p > .05.�p < .05.��p < .01.���p < .0001.

Table 8. IMF and moisture content, individuals FAs proportions, summations and indices resulted from the
interaction of factors System x Sex in m. longissimus thoracis of female and male Marisme~na cattle finished
under feral or intensive systems.

Feral Intensive Significance level

Male Female Male Female interaction age RSD

Moisture 76.15a 75.73a 73.49b 71.77c � ns 1.08
Fat 0.93c 1.51c 2.51b 4.41a �� ns 0.74
16:0 20.87b 24.09a 22.67a 23.45a � ns 1.85
18:0 20.23a 20.71a 16.81b 14.18c � ns 2.49
18:1 c-11 1.30bc 0.64c 1.95ab 2.51a � ns 0.91
20:2 n-6 0.15a 0.07b 0.06b 0.04b � ns 0.05
18:3 n-3 2.62a 1.43b 0.29c 0.30c �� ns 0.71
20:5 n-3 1.47a 0.84b 0.05c 0.06c � ns 0.42
22:5 n-3 2.01a 1.11b 0.19c 0.20c �� ns 0.51
SFA 46.84b 51.13a 43.84c 41.90c �� ns 3.59
PUFA 22.03a 12.29b 10.39bc 7.07c � ns 4.76
PUFA n-3 6.25a 3.47b 0.57c 0.58c �� ns 1.44
PUFA/SFA 0.49a 0.24b 0.24b 0.17b � ns 0.14
n-6/n-3 2.52c 3.22c 16.94a 9.90b ��� � 2.26

RSD: residual standard deviation; SFA ¼14:0þ 15:0þ 15:0 iso þ15:0 anteiso þ16:0þ 17:0þ 17:0 iso þ17:0 anteiso
þ18:0þ 20:0þ 21:0þ 22:0.
PUFA ¼ (18:2 c-9, t-11þ 18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6þ 18:3 n-3þ 20:5 n-3þ 22:5
n-3þ 22:6 n-3).
PUFA n-3¼ (18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
PUFA/SFA ¼ (18:2 c-9, t-11þ 18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6þ 18:3 n-3þ 20:5
n-3þ 22:5 n-3þ 22:6 n-3)/(14:0þ 15:0 þ iso-15:0þ 15:0 anteiso þ16:0þ 17:0þ 17:0 iso þ17:0 anteiso þ18:0þ 20:0þ 21:0þ 22:0).
n-6/n-3¼ (18:2 n-6þ 18:3 n-6þ 20:2 n-6þ 20:3 n-6þ 20:4 n-6þ 22:4 n-6þ 22:5 n-6)/(18:3 n-3þ 20:5 n-3þ 22:5 n-3þ 22:6 n-3).
ns ¼ p > .05.�p < .05.��p < .01.���p < .0001.
Means in the same row with different superscripts are statistically different (p < .05).
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MUFA curves (Figure 1(a,b)). In these cases, when the
IMF increased, the total PUFA and PUFA n-6 summa-
tions decreased in FS meat, and the same occurred for
IS meat, but in a smoother way. The behaviour of
PUFA n-3 was similar to that of n-6 for FS meat but
not for IS meat, for which the slope of the PUFA n-3
was almost null, independently of the IMF content.

Discussion

To our knowledge, this is the first time that the lipid
composition of beef cattle produced in feral condi-
tions, without any human management, is compared
with meat of the same genetic origin produced in con-
ventional feedlot systems, which is a unique opportun-
ity to test these two different scenarios.

Even though our interest was mostly in assessing
the lipid profiles of meat produced in both systems,
we first analysed their chemical composition, especially
in terms of moisture and IMF, in order to test if the
total amount of IMF affects the proportional lipid pro-
file of meat. Our results for chemical composition
were similar to values reported for other local
Mediterranean breeds from Spain, Italy, and Portugal,
but were lower than for non-native selected breeds
reared in the same countries (Brugiapaglia et al. 2014;
Costa et al. 2012; Indurain et al. 2010). Animals reared
under intensive conditions showed a strong tendency
towards higher fat content compared with feral ani-
mals, due to the higher nutritional value of concen-
trate feed (Wood et al. 2008). Additionally, despite the
fact that females generally tend to deposit more fat

Figure 1. Relationships between intramuscular fat content (IMF) and percentage of (a) SFA, (b) MUFA, (c) PUFA, (d) PUFA n-6 and
(e) PUFA n-3; of the longissimus thoracis muscle of Marisme~na cattle finished under feral (�) or intensive (~) systems.
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than males, in our study differences in IMF were not
found between sexes under feral conditions, probably
due to the extremely low energy level of grass to
which animals had access to. However, our results dis-
agree with those from other researchers such as Daza
et al. (2014), who found differences between sexes in
animals fattened under free-range conditions, with
lower values of IMF for uncastrated males. However,
free-range conditions are not the same as feral condi-
tions, as the latter are almost completely natural with-
out any human management.

It is well known (Wood et al. 2008) that fat content
of meat has a fundamental effect on its FA compos-
ition. In our study, the relationship between the pro-
portions of different FA groups and total IMF showed
a diverse behaviour in the two management systems
(Figure 1(a–e)). Our findings demonstrate that, when
total fat increased, SFA proportion increased signifi-
cantly in FS and remained nearly constant in IS ani-
mals, showing a different behaviour from what has
been reported in the literature (De Smet et al. 2004).
The proportion of MUFA increased with total fat in
both FS and IS, but more pronouncedly in FS meat,
indicating that an increase in the amount of fat, espe-
cially in FS calves, will produce an increase in the pro-
portion of MUFA in their meat. The percentages of
total PUFA and n-6 PUFA decreased as IMF increased,
especially in FS animals, while the decline was very
moderate in IS animals. On the other hand, in IS ani-
mals the PUFA n-3 remained nearly constant when
IMF increased from 2 to 7%, so that the n-6/n-3 ratio
decreased.

In our study, differences among sexes in the pro-
portion of different fatty acids did not appear to be
important, but a certain degree of interaction between
system and sex was shown in our results.

Overall, meat produced by feral Marisme~na cattle
and by intensively finished animals differed substan-
tially in the proportion of the various fatty acids, with
FS meat having almost 6% more SFA than IS meat.
Our findings do not agree with reports from other
authors who assessed extensive vs. intensively pro-
duced meats, where the pattern generally found is
that the proportion of SFA in meats produced exten-
sively and semi-extensively is lower than in meats pro-
duced intensively (Alfaia et al. 2009; Bressan et al.
2011; Humada et al. 2012). In the present study, only
four SFA had relative proportions not showing signifi-
cant differences between the two finishing systems
(14:0, 16:0, 17:0 anteiso, and 22:0). The other SFA pro-
portions were significantly higher in the FS meat,
which could indicate that this meat is hypercholestero-
lemic. However, according to Ulbricht and Southgate

(1991), the most harmful SFA are 12:0, 16:0, and 14:0,
with the last one being the unhealthiest, showing a
hypercholesterolemic power four times greater than
the other two. In the current study, there was no dif-
ference in 14:0 proportions between the two types of
meat, and the 16:0 percentage was higher in the IS
meat. These findings, together with the fact that 18:0
is not hypercholesterolemic (Daley et al. 2010; Mensink
2005) and given that it was found at higher rates in
feral system meat, suggest that, in general, FS meat
has a healthier SFA profile.

The general FA profile of meats in our study indi-
cated that IS showed higher MUFA proportions
(approximately 30% more), agreeing with the results
reported by Daley et al. (2010), who found that grain-
fed beef consistently produced higher proportions of
this FA group. However, Alfaia et al. (2009) found simi-
lar results between feedlot and pasture grazing. In our
study, MUFA differences between systems occurred
with cis-MUFA rather than trans-MUFA, such that for
the latter no significant differences were found, contra-
dicting the assertion that pasture-based diets result in
higher percentages of trans-MUFA (Scollan et al. 2014).
This is supported by our results for the individual
MUFA percentages, as all 18:1-trans isomers were
barely or not at all significantly different between sys-
tems, while the proportion of 18:1 c-9 was largely
responsible for the differences between finishing sys-
tems, because of its prevalence when compared with
the other FAs of this group. Our findings do not fully
agree with the results reported by Bressan et al.
(2011), who found proportions of MUFA to be equal or
slightly higher with grass feeding, while the differen-
ces between the two systems in the relative values of
18:1 c-9 were not significant. However, other reports
are in agreement with our findings in Mediterranean
local breeds (Costa et al. 2012; Humada et al. 2012),
and the results of Warren et al. (2008) could suggest a
good explanation for this diversity. These authors
found that MUFA proportions were higher in young
(14 month-old) Aberdeen Angus and Holstein Friesian
calves fed on forage compared with calves fed on con-
centrate, but when the animals were older (18 months
old) this pattern changed, with the animals fed on
concentrate showing higher proportions of MUFA, and
this situation stabilised for both breeds when the ani-
mals were 24 months old. The results found in our
study were consistent with this pattern, as slaughter-
ing of Marisme~na males occurred at around 20 months
of age, and the proportion of MUFA was lower in FS
than in IS animals. The major proportions of MUFA,
mostly oleic acid, in IS may be due to the
higher energy content of the diet and to increased
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steaoryl-coenzyme A desaturase activity (Daniel et al.
2004). In our study, this activity was different between
sexes, with females showing higher activity, in agree-
ment with the results by Daza et al. (2014). From
recent studies, it is difficult to judge whether the pro-
portional differences in MUFA found in Marisme~na IMF
are positive or negative, because it is known that
MUFA can reduce LDL and total/HDL ratio when sub-
stituting those SFA considered hypercholesterolemic
(FAO 2010) but, on the other hand, studies in species
such as primates and mice have shown that MUFA is
not better than SFA in protecting against coronary
artery atherosclerosis (Baum et al. 2012).

Regarding PUFA, our findings demonstrated import-
ant proportional differences between sexes and man-
agement systems, with very few interactions between
these two factors. There was a general trend towards
higher PUFA percentages in meats originating from
males and FS, both for total PUFA, and for PUFA n-3
and PUFA n-6 separately. The PUFA group contains
the most important FAs in terms of prevention of sev-
eral illnesses, as there is evidence that linoleic (18:2 n-
6) and alpha-linolenic (18:3 n-6) acids are essential for
humans, and that the risk of coronary heart disease is
decreased when PUFA replaces SFA (FAO 2010). The
greatest bioactivity is seen for the long chain PUFA n-
3, such as eicosapentaenoic acid (EPA) (20:5 n-3),
docosapentaenoic acid (DPA) (22:5 n-3), and docosa-
hexaenoic acid (DHA) (22:5 n-3), which have recog-
nised beneficial effects on the prevention of heart
attack, depression, and cancer (Daley et al. 2010;
McAfee et al. 2010). Alpha-linolenic acid is not as bio-
active as the longer chain of n-3 FAs, but it is import-
ant because it is the major PUFA that occurs in the
green tissues of plants present in grasslands, and in
ruminants this FA is the precursor, after elongation
and desaturation processes, of some of the most
active FAs (Decker & Park 2010). In our study, the
meat of feral Marisme~na cattle had 2–4 times the pro-
portion of PUFA when compared with intensively
reared animals. These findings agree with those
reported by Bressan et al. (2011) in Bos taurus and Bos
indicus, in which animals finished on pasture showed
higher proportions of PUFA than intensively reared
animals, but the differences between the two systems
reported by these authors were much lower than in
our study. Costa et al. (2012) compared meats from
animals from two local Portuguese breeds fed on low-
forage and high-forage diets, and found conflicting
results; in some cases, the animals on low-forage diets
had higher PUFA percentages than those on high-
forage diets, but they also found the reverse in other
cases. This could be due to the low consumption of

fresh grass by all animals, as preserved forage does
not have the same positive effects as grass. Humada
et al. (2012) presented similar results to ours when
they compared meats obtained in semi-extensive and
intensive systems from a local Spanish breed at two
different slaughter ages. However, their results were
much more balanced between finishing systems when
compared with ours, with the exception of PUFAn-3
proportions, which showed greater differences. In our
study, the proportions of individual PUFA were clearly
higher in FS meat, with the exception of CLA and 22:5
n-6 (no differences), and 22:4 n-6 (lower content).
These findings correlated with a low level of IMF and
therefore a high concentration of phospholipids in the
case of PUFA n-6, whereas the individual PUFA n-3
were associated with a higher intake of a-linolenic
acid from pasture (Humada et al. 2012). In the case of
22:4 n-6, similar results were observed by Nuernberg
et al. (2005) when comparing grass-based and concen-
trate feeding systems. In our study, males showed
higher percentages of all n-3 and some PUFA n-6 com-
pared with females, mostly due to the lower amount
of IMF. There was also a clear differentiation when the
interaction between system and sex was assessed,
with noticeable sex differences in FS.

Particular mention should be made of CLA, which is
a collective term covering several conjugated isomers
of linoleic acid, such as rumenic acid (18:2 c-9, t-11)
and 18:1 t-10, c-11. This group is associated with pre-
vention of inflammation, cancer, atherosclerosis, obes-
ity, diabetes, and osteoporosis, among other benefits
to human health (Decker & Park 2010; Dugan et al.
2011). CLA content in animal products (meat and milk)
is strongly influenced by the consumption of fresh
pasture (Kelly et al. 1998). However, no differences
between system or sex were observed for 18:2 c-9,
t-11 CLA percentages in our study, although some
authors (Daley et al. 2010) have found such differen-
ces. We did find slight differences between systems for
the proportion of the precursor 18:1 t-11, with FS
meat having higher levels.

The goal of our work was to compare the impact of
rearing system and sex on the relative importance of
different fatty acids in Marisme~na cattle, as has often
been reported for many other breeds (Daza et al.
2014; Scerra et al. 2014; Bressan et al. 2016). However,
it may also be of interest to assess the specific amount
of the various fatty acids that are present in 100 g of
fresh meat, which reflects the ingestion of fatty acids
by consumers, and is highly dependent on the amount
of IMF. In our study, IMF was nearly 1.7 higher in IS
when compared with FS, such that, largely because of
this, meat produced by cattle raised under IS had
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about 2.4 times more SFA, 4.2 times more MUFA and
1.4 times more PUFA than meat from FS. The pattern
for individual fatty acids was mostly similar to the one
found for the group that they belong to, but a few
particular cases deserve to be mentioned. For example,
the amount of CLA in 100 g of meat was nearly 3
times higher in IS, while the total amount of n-3 fatty
acids, EPA and DHA were higher in FS by about 2.8,
6.6 and 1.9 times, respectively, when compared
with IS.

When meat produced by females was compared
with that obtained from males, the level of IMF was
nearly 1.7 times higher. Therefore, the pattern found
for the amount of the various fatty acids and groups
of fatty acids in the two sexes was very much in line
with the comparisons described for FS and IS, with
higher amounts of the various FA and groups of FA in
females, even though the differences between sexes
were smaller than those observed when finishing sys-
tems were compared.

The various ratios computed among fatty acids and
groups of fatty acids were the same, either when cal-
culated from percentages or from the amount of fatty
acids. The PUFA/SFA ratio is an important way to
evaluate the nutritional value of red meat, and it is
recommended that values should be above 0.5
(Scollan et al. 2006) but, with some exceptions, values
below 0.1 are typical in beef production (Scollan et al.
2014). In the current study, this ratio was significantly
different for meats produced in the two rearing sys-
tems, and it was almost twice in FS (0.37) when com-
pared with IS (0.21) meat. Taking into account the
results of the interaction, FS males had a ratio of 0.49,
very close to the recommended value of >0.50, prob-
ably because of their lower IMF (0.93%).

The n-6/n-3 PUFA ratio is particularly important
because an appropriate balance in this ratio in cell
membranes is related to a significant reduction in the
risk of coronary heart disease (Aldai et al. 2006).
However, despite the beneficial effects of PUFA n-6,
this FA group is related, owing to a major susceptibil-
ity to lipid peroxidation, with the inflammatory pro-
cess, and some studies have also shown that a high
n-6/n-3 ratio increases cancer risk (Lawrence 2013). In
addition, both linoleic acid and alpha-linolenic acid are
essential FAs, and are precursors of other compounds
by two different methods, but enzymes such as desa-
turase are involved in both, so an excess of linoleic
acid can interfere in the metabolism of alpha-linolenic
acid (Daley et al. 2010). In our study, the n-6/n-3 ratio
in FS meat was almost five times more balanced than
that of IS meat, an important finding. Our results are
in line with those of Humada et al. (2012), but not

with those of Bressan et al. (2011), who reported
closer results between the two finishing systems. Our
results for key individual FAs, such as alpha-linolenic
acid, EPA and DHA point towards recommending FS
as a way to improve the healthy profile of FA in meat.

Moving on the estimated enzymatic activities
studied in the present research, FS meats showed a
significantly lower enzymatic activity as regards to the
16 and 18 desaturation indexes. The differences may
be related to higher serum insulin concentration in
animals fed on grain (Daniel et al. 2004), which sup-
ports our findings about the influence of a diet rich in
concentrate on the enzymatic desaturation activities
affecting the 16:0 and 18:0 isomers. However, interac-
tions between breed type, slaughtering age, and diet
on desaturase activity have been previously reported
in the literature (Chung et al. 2007).

Conclusions

The main purpose of the present study was to assess
the differences in fatty acid profiles in meat from feral
and intensively reared Marisme~na cattle. Our results
indicate that meats obtained in the two systems differ
considerably, but sex also plays an important role.
Animals raised under feral conditions produce leaner
meat, with a FA profile which is generally better. Even
though the global SFA profile did not appear to be
healthier for feral meat, the study of individual SFA
showed that the largest proportion of SFA in feral
meat was composed of 18:0, rather than other FAs
that are considered hypercholesterolemic. PUFA are
the FAs that have the largest protective bioactivity,
and in our study, compared with meat obtained under
intensive conditions, the meat from feral animals had
far higher percentages of these FAs, particularly the
most representative PUFA, such as EPA, DPA and DHA,
and their precursor alpha-linolenic acid. The PUFA/SFA
and n-6/n-3 ratios showed a much better balance in
meat obtained under feral than in the intensive condi-
tions. Our findings could be used as an indicator of
the healthy FA profile of Marisme~na meat obtained
under feral conditions, which could be used as a way
to recognise its unique properties and in support of a
certification programme yielding a premium price,
thus contributing to the conservation of this breed.
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