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  ABSTRACT 

  The objective of this study was to estimate the 
genetic variation of ovine milk fatty acid (FA) com-
position. We collected 4,100 milk samples in 14 herds 
from 976 Churra ewes sired mostly by 15 AI rams and 
analyzed them by gas–liquid chromatography for milk 
fatty acid composition. The studied traits were 12 
individual FA contents (proportion in relation to the 
total amount of FA), 3 groups of fatty acids [saturated 
fatty acids (SFA), monounsaturated FA (MUFA), and 
polyunsaturated FA (PUFA)], and 2 FA ratios (n-6:n-3 
and C18:2 cis-9,trans-11:C18:1 trans-11). In addition, 
percentages of fat and protein and daily milk yield were 
studied. For the analysis, repeatability animal models 
were implemented using Bayesian methods. In an ini-
tial step, univariate methods were conducted to test 
the hypothesis of the traits showing additive genetic de-
termination. Deviance information criterion and Bayes 
factor were employed as model choice criteria. All the 
studied SFA showed additive genetic variance, but the 
estimated heritabilities were low. Among unsaturated 
FA (UFA), only C18:1 trans-11 and C18:2 cis-9,cis-12 
showed additive genetic variation, their estimated 
heritabilities being [marginal posterior mean (marginal 
posterior SD)] 0.02(0.01) and 0.11(0.04), respectively. 
For the FA groups, only PUFA showed significant addi-
tive genetic variation. None of the studied ratios of FA 
showed additive genetic variation. In second multitrait 
analyses, genetic correlations between individual FA 
and production traits, and between groups of FA and 
ratios of FA and production traits, were investigated. 
Positive genetic correlations were estimated among 
medium-chain SFA, ranging from 0 to 0.85, but this 
parameter was close to zero between long-chain SFA 
(C16:0 and C18:0). Between long- and medium-chain 
SFA, estimated genetic correlations were negative, 
around −0.6. Among those UFA showing significant 
additive genetic variance, genetic correlations were 
close to zero. The estimated genetic correlations among 

all the investigated FA, milk yield, and fat and protein 
percentages were not different from zero. Our results 
suggest that low additive genetic variation is involved 
in the determination of the FA composition of milk fat 
in Churra sheep under current production conditions, 
which results in low values of heritabilities. 
  Key words:    dairy sheep ,  fatty acid ,  genetic param-
eter ,  milk composition 

  INTRODUCTION 

  Today, the human diet is regarded as ideal if it in-
cludes 30% saturated fatty acids (SFA), 60% monoun-
saturated fatty acids (MUFA), and 10% polyunsatu-
rated fatty acids (PUFA; Pascal, 1996). Diets with 
this fatty acid (FA) composition have positive effects 
on human health. The FA profile in sheep milk is far 
from having this composition: SFA are higher in pro-
portion (66%), and MUFA and PUFA are lower (28 and 
6%, respectively; Cabiddu et al., 2005). Research has 
been carried out to discover management and breed-
ing strategies for effectively modifying the FA profile 
of ruminant products. In addition, because some PUFA 
have shown highly desirable biological activity (i.e., 
conjugated linoleic acid), they have been given more 
attention in studies. 

  Conjugated Linoleic Acid 

  Conjugated linoleic acid (CLA; C18:2 cis-9,trans-11) 
is abundant in ruminant products. It has been proven to 
prevent cancer and chronic diseases (Khanal and Dhi-
man, 2004), as demonstrated in several animal models 
(Mitchell and McLeod, 2008) and also in humans, the 
results in the latter case being less conclusive (Tricon 
et al., 2004; Tricon and Yaqoob, 2006). The origin of 
this FA in milk is always from biosynthesis, either by 
rumen bacteria or by endogenous synthesis in the mam-
mary gland or adipose tissues. Apparently, most CLA 
in milk is of endogenous origin. But both sources of 
CLA biosynthesis are related to each other because a 
high proportion of the trans-vaccenic acid used during 
endogenous biosynthesis had been generated as a sub-
product of rumen bacteria biohydrogenation of linoleic 
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or linolenic acids. For a review of metabolic pathways 
in the biosynthesis of CLA, see Khanal and Dhiman 
(2004). 

Different sources of genetic variation could be 
involved in CLA biosynthesis a priori; the most im-
portant is thought to occur at Δ9-desaturase enzyme 
level. Several polymorphisms have been reported in the 
gene coding this enzyme within and across dairy cattle 
breeds (Milanesi et al., 2008); variation in the expres-
sion of the gene across breeds has also been reported 
(Taniguchi et al., 2004). This evidence supports the hy-
pothesis that Δ9-desaturase activity may show additive 
genetic variation useful in breeding programs. Genetic 
variation could also exist at the level of the amount and 
activity of that bacteria involved in rumen biosynthesis 
(i.e., Butyrivibrio fibrisolvens and related bacteria) and, 
with regard to this, it has been shown that individual 
variation exists in the composition of bacteria flora in 
sheep (Swain et al., 1996).

FA Profile in Milk

Several factors affect the overall FA profile in milk, 
and it seems that diet is the most important one. De La 
Fuente et al. (2009) found indirectly that factors closely 
associated with feed (e.g., the combined effect of herd 
and season of the year) explained the majority of phe-
notypic variation of FA contents. In this sense, it has 
been shown that throughout feeding, FA composition 
of milk can be effectively altered to obtain a FA profile 
closer to that regarded as ideal: an increased proportion 
of MUFA and PUFA and a reduced percentage of SFA 
(Cabiddu et al., 2005; Gómez-Cortés et al., 2008).

Some FA in milk fat (in particular, PUFA and MUFA, 
which are of greater interest from a dietetic point of 
view) are generated by biosynthesis and, because differ-
ent enzymes are involved in these processes, the same 
kind of arguments as for CLA could be posed for hy-
pothesizing the existence of additive genetic variation. 
It has been demonstrated in dairy cattle that FA pro-
file shows individual variation and that this variation 
partly has an additive genetic origin (Mele et al., 2007, 
2009; Soyeurt et al., 2007; Bobe et al., 2008; Stoop et 
al., 2008), indicating that selective breeding could be a 
useful tool for improving the dietetic qualities of milk 
fat.

For dairy sheep, no studies have been carried out 
on quantifying the amount of additive genetic variance 
involved in the determination of the FA profile of milk. 
The objective of this study was to determine genetic 
variance and covariance for ovine milk FA composition 
for the first time, using dairy Churra sheep, to evaluate 
the possibility of using selective breeding as a tool for 
modifying FA profile in milk fat of this breed.

MATERIALS AND METHODS

Data

A total of 4,100 records from 976 Churra ewes (De 
La Fuente et al., 1995) were collected in 14 herds that 
were widely genetically connected through AI. An aver-
age of 69.7 ewes in each flock (ranging from 25 to 187) 
had records. The average number of records per female 
was 4.20, reaching a maximum of 12. Out of the total 
number of females with data, 906 were sired by 15 AI 
rams with an average family size of 65.1 daughters, 
ranging from 32 to 157. Paternities were not known 
for the remaining 70 females. In addition to this pater-
nity information, 2 more generations of ancestors were 
included from the historical pedigree file provided by 
ANCHE (Spanish Churra Breeders Association), so the 
final pedigree file consisted of 3,524 records.

Sample collection took place between January 2006 
and June 2007 in herds distributed throughout Castile 
and León (Spain). Samples were obtained from a single 
morning or evening milking session, and a particular 
animal could be sampled several times per lactation 
for up to 2 consecutive lactations. Of the samples, 14% 
were obtained for ewes younger than 1 yr of age, 31% 
from 1-yr-old females, 25% from 2-yr-old females, 16% 
from 3- to 4-yr-old females, and 9% from females older 
than 4 yr of age; the remaining 4% of the samples were 
taken from females whose age was not known. Regard-
ing the distribution of records within the lactation 
period, 7% of the samples were obtained during the 
first month of lactation, 22% during the second, 26% 
during the third, 23% during the fourth, 11% during 
the fifth, and 10% during the sixth. The average size 
of contemporary group (number of females sampled in 
the same herd and day combination) was 26.1, ranging 
from 6 to 83.

Milk fat extraction was carried out using the method 
by Bligh and Dyer (1959). The FA content was then 
determined by gas chromatography after methylation 
of the free FA with NaOCH3, and a Hewlett Packard 
6890 Series GC System chromatographer (Palo Alto, 
CA) was used to measure FA contents. More details 
on the analytical procedure for measuring FA contents 
can be found in De La Fuente et al. (2009). To validate 
the analytical procedure, a few samples were processed 
several times and the analytical repeatabilities for indi-
vidual fatty acids were computed. They were between 
0.6 and 0.98, and CLA had a repeatability of 0.95.

Traits

The contents of 12 FA, as a percentage in relation to 
the total content of analyzed FA, were studied (Table 
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1). Also, 3 groups of fatty acids were created and stud-
ied: SFA, which included even-chain FA between C4:0 
and C24:0 as well as odd-chain FA C13:0 to C17:0 and 
C21:0 to C23:0; MUFA, which included cis isomers 
of C14:1 cis-9 and C16:1 cis-9 to C20:1 cis-9 as well 
as both cis and trans isomers of vaccenic acid (C18:1 
trans-11 and C18:1 cis-11) and C18:1 cis-12; and PUFA, 
which included cis and trans isomers of linoleic acid 
(C18:2 cis-9,cis-12 and C18:2 trans-9,trans-12), 2 posi-
tion isomers of CLA (C18:2 cis-9,trans-11 and C18:2 
trans-10,cis-12), α- and γ-linolenic acids (C18:3 cis-
9,cis-12,cis-15 and C18:3 cis-6,cis-9,cis-12), and C20:4 
cis-5,cis-8,cis-11,cis-14. (Note that in these groups 
some of the included FA were not studied individually.) 
Finally, 2 ratios between FA were considered: 1) n-6:n-3, 
where n-6 included C18:2 cis-9,cis-12, C18:3 cis-6,cis-
9,cis-12, and C20:4 cis-5,cis-8,cis-11,cis-14 and n-3 was 
C18:3 cis-9,cis-12,cis-15; and 2) C18:2 cis-9,trans-11 
(CLA):C18:1 trans-11. This ratio was considered as a 
proxy of Δ9-desaturase activity in relation to the endog-
enous biosynthesis of CLA. Protein and fat percentages 
and daily milk yield were also studied. Table 1 shows 
descriptive statistics for all of these traits.

Methods

Univariate Models for Testing the Hypothesis 
of Additive Genetic Determination. The described 
traits were initially studied considering the following 
univariate repeatability animal model:

 yhklij = HTDh + DIMk + agel + pi + ai + ehklij,  [1]

where the jth observation (yhklij) of animal i was ex-
plained by the effect of the hth herd test day (HTD) 
combination class, the kth class of DIM, and the lth 
class of age, in addition to the permanent environmen-
tal (pi) and additive genetic (ai) effects of animal i. 
Herd test day included 145 levels, and DIM included 
7 levels defined by the month of lactation (i.e., month 
after parturition). Finally, ehklij was a random residual 
term. The age of the ewe included 6 classes: the first 
class included records from ewes under 1 yr of age, 
the second from 1-yr-old females, the third from 2-yr-
old females, the fourth from 3- to 4-yr-old females, the 
fifth from females over 4 yr of age, and the sixth from 
females whose age was not known (100 records). Priors 
for these systematic effects were uniform. Permanent 
environmental and additive genetic effects were fitted 
as factors for which these normal distributions were 
assumed as priors:

 p I| ,σ σp p nN2 20∼ ×( )  and 

 a A| , ,σ σa aN2 20∼ ×( )  

where σp
2  and σa

2  were the corresponding variances for 

the respective effects, In was the identity matrix of di-
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Table 1. Descriptive statistics for the studied traits 

Trait1 n Mean SD CV

C8:0 4,100 3.45 0.46 13.29
C10:0 4,100 8.60 1.40 16.26
C12:0 4,100 5.37 1.13 21.12
C14:0 4,100 10.18 1.45 14.28
C16:0 4,100 22.05 2.42 11.00
C18:0 4,100 10.48 2.20 20.95
C16:1 cis-9 4,100 1.64 0.34 20.78
C18:1 trans-11 4,100 2.53 0.46 18.14
C18:1 cis-9 4,100 15.36 2.25 14.66
C18:2 cis-9, cis-12 4,100 3.47 0.62 17.85
C18:3 cis-9, cis-12, cis-15 4,100 1.23 0.54 43.68
C18:2 cis-9, trans-11 (CLA) 4,100 0.89 0.44 48.87
SFA 4,100 71.33 3.53 4.95
MUFA 4,100 22.11 2.88 13.00
PUFA 4,100 6.55 1.28 19.55
n-6:n-3 4,100 3.98 2.11 53.06
CLA:C18:1 trans-11 4,100 0.35 0.15 42.26
Protein (%) 3,448 5.47 0.75 13.76
Fat (%) 3,448 6.57 1.86 28.34
Milk yield (mL/d) 3,448 1,171.55 568.75 48.55

1CLA = conjugated linoleic acid; SFA = saturated fatty acids (FA); MUFA = monounsaturated FA; PUFA = 
polyunsaturated FA. The content of FA is expressed as a percentage in relation to the total amount of FA. n-6 
includes C18:2 cis-9, cis-12, C18:3 cis-6, cis-9, cis-12, and C20:4 cis-5, cis-8, cis-11, cis-14; n-3 includes C18:3 
cis-9, cis-12, cis-15.



mension equal to the number of animals with records 
(n), and A was the numerator relationship matrix be-
tween animals in the pedigree. Finally, the residuals (e) 
were assumed to follow this normal distribution:

 e I| , ,σ σe e mN2 20∼ ×( )  

where Im is the identity matrix of dimension m (i.e., 
number of records in the data set). Variance components 
were a priori assumed to follow a uniform distribution 
across all of the positive real numbers.

This univariate model was employed to test for 
additive genetic determination of each trait. For this 
purpose 2 criteria were used: the deviance information 
criterion (DIC; Spiegelhalter et al., 2002) was com-
puted both for the model including the additive genetic 
effect and for the reduced model without this effect, 
and the Bayes factor (BF; Kass and Raftery, 1995) was 
computed between a model assuming the hypothesis of 
additive genetic standard deviation equal to zero and 
another considering this standard deviation greater 
than zero but smaller than the crude total phenotypic 
standard deviation presented in Table 1. For the calcu-
lation of BF, a different parameterization of the above 
model was used:

yhklij = HTDh + DIMk + agel + pi + ui × σa + ehklij, [2]

where u | A,1 ~ N (0,1 × A) and σa is the additive 
genetic standard deviation of the trait. This parameter-
ization was needed because BF was computed using the 
definition by Garcia-Cortes et al. (2001), Varona et al. 
(2001), and Verdinelli and Wasserman (1995). Garcia-
Cortes et al. (2001) showed, relying on the combina-
tion of continuous and discrete distributions through 
the usage of theory of generalized functions, that BF 
against the null hypothesis is equal to the ratio between 
the marginal prior and the marginal posterior densi-
ties of the parameter of interest, both evaluated at the 
parameter value under the null hypothesis (in our case, 
this hypothesis is that the additive genetic standard 
deviation is equal to zero):
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Marginal posterior density evaluation can be accom-
plished within a Markov chain Monte Carlo (MCMC) 
approach by averaging conditional posterior density 
values at zero across all MCMC rounds (Garcia-Cortes 
et al., 2001). For the parameter value under the null 
hypothesis to be defined in this conditional density, the 

prior distribution must include it in its domain. We used 
this alternative parameterization because considering 
zero value in the domain of the prior for the additive 
genetic variance, under standard model [1], requires an 
equivalent model in which additive genetic structure is 
absorbed in the residual term. This makes inference an 
extremely demanding task in terms of needed compu-
tational resources, even for a low number of records. 
This equivalent model is needed to avoid sampling of 
BV, which cannot be accomplished under the consid-
ered prior assumptions because the normal distribution 
(usual prior for the BV) is not defined when variance 
is zero.

In our particular case, under the presented alterna-
tive parametrization, the prior distribution for σa was 
a uniform between zero (included in its domain) and 
the total crude phenotypic standard deviation (i.e., 
empirical prior). Note that because priors for genetic 
variability are different between models [1] and [2], 
these models cannot be said to be equivalent. For the 
remaining parameters in model [2], the same set of prior 
assumptions as in model [1] was assumed.

This model parametrization and prior assumptions 
made the fully conditional posterior distribution of the 
additive genetic standard deviation proportional to a 
truncated normal distribution, with the mean equal to 
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the truncation points would be zero and the total crude 
phenotypic standard deviation of the studied trait. In 
the equations above, ej

*  was the value obtained after 

correcting the jth record for all the effects in the model 
except the complete additive genetic effect (i.e., ui × 
σa), and ′zj  was a vector linking the jth record to the 

appropriate additive genetic effect. This vector would 
be all zeros except for the position corresponding to the 
animal producing the jth record, which would be 1.

Differences in DIC of more than 7 units were con-
sidered as important (Spiegelhalter et al., 2002). With 
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regard to BF, according to Jeffreys (1984), values lower 
than 1 support the null hypothesis; in this case, the 
trait does not show additive genetic variation and val-
ues greater than 3.16 indicate substantial evidence in 
favor of the alternative hypothesis (i.e., the trait has an 
additive genetic determination).

Multivariate Models for Estimating Correla-
tions Between Traits. In a second step, genetic corre-
lations between traits were estimated. For this purpose, 
2 multivariate analyses were conducted, implementing 
model [1] in its multivariate version. In this case, the 
involved traits were assumed to jointly follow a mul-
tivariate normal distribution as well as the additive 
genetic, permanent environmental, and residual effects. 
For these effects, the corresponding prior distributions 
were 

 a G A G A| , , , ,0 00∼MVN ⊗( )  

 p P P I| , , ,0 00∼ N n⊗( )  and  

 e R R I| , , ,0 00∼ N m⊗( )  

where G0, P0, and R0 were the corresponding variance–
covariance matrices between the involved traits, and a, 
p, and e were, respectively, vectors of dimension equal 
to the number of animals in the pedigree (n and m) 
times the number of traits considered.

In the first multivariate analysis, individual FA and 
production traits were considered, and in the second 
analysis, groups and ratios of FA were jointly studied 
with production traits. In all of these analyses, informa-
tion provided by the univariate analyses was considered 
(i.e., when DIC and BF did not support the hypothesis 
of a trait showing additive genetic variation, the ad-
ditive genetic effect was not included in the model for 
this particular trait in the multivariate analyses) and 
all the individual variation was allocated to the perma-
nent environmental effect.

MCMC Implementation. The parameters in the 
model were estimated using a Bayesian method imple-
mented via an MCMC algorithm, in this case a Gibbs 
sampling. The Gibbs2f90 program (Misztal, 1999) was 
used to estimate parameters from model [1], and this 
program was properly modified for the alternative pa-
rameterization in model [2]. Details on theory involving 
a Bayesian MCMC analysis of the presented models can 
be found in Sorensen and Gianola (2002) for model [1] 
and in Varona et al. (1997) for model [2]. The MCMC 
chains consisted of 40,000 rounds for the univariate 
analysis and 1 million for the multitrait analysis, dis-

carding the first 10% as a burning period. Afterward, 
to compute moments of marginal distributions, only 
5% of the samples were used in the univariate analyses, 
retaining 1 sample every 20 iterations. In the multivari-
ate analysis, 10% of the samples were used, retaining 1 
sampled value every 100 iterations. Convergence of the 
chains was assessed both by visual inspection of their 
trace plots and by checking that the effective sample 
size was big enough.

RESULTS AND DISCUSSION

Repeatabilities, Heritabilities, and Ratios  
of Permanent Variance to Phenotypic Variance

SFA. Both BF and DIC criteria were evidence of 
the existence of additive genetic variation for all the 
SFA (Table 2), but the magnitude of the estimated 
heritabilities for these traits was very low, the high-
est figure being 0.08 for both C18:0 and C14:0. For 
this group of FA, the genetic component is the major 
factor determining individual variation of the trait, 
as can be seen by comparing heritabilities and ratios 
of permanent environmental variance to phenotypic 
variance. Despite the fact that all of the studied SFA 
showed significant additive genetic variance when they 
were studied individually, as a group they did not. This 
could be explained by the fact that this group included 
FA from different origin, and between them genetic cor-
relations different from zero could exist, being in some 
cases of the opposite sign. Blending all together would 
reduce the overall genetic variance of the group. In fact, 
when the SFA group was defined considering only those 
FA individually studied, a value of heritability statisti-
cally not different from zero was still estimated.

Low heritability estimates for this group of FA as 
well as their low coefficient of variation would prevent 
selection programs from being considered as an alterna-
tive to modifying the content of SFA in Churra milk. 
Previous studies in dairy cattle have shown much higher 
heritabilities for those SFA that we studied. Estimates 
for the Dutch Holstein population (Stoop et al., 2008) 
are particularly high, with values for intraherd herita-
bility as high as 0.71 for C10:0. Soyeurt et al. (2007) 
estimated heritability values for a blend of Belgium 
breeds ranging from 0.09 for C12:0 to 0.28 for C18:0. 
Recently, for the US Holstein population, Bobe et al. 
(2008) estimated heritabilities for the proportion of dif-
ferent SFA, in comparison with the total amount of FA 
in milk, were similar to those reported for the Belgian 
cattle population. However, for the Italian Holstein-
Friesian population, much lower heritabilities have 
been estimated for SFA (0.07, 0.03, and 0.08 for C14:0, 
C16:0, and C18:0, respectively; Mele et al., 2009).
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Unsaturated Fatty Acids. With regard to MUFA, 
only the content of C18:1 trans-11 (trans-vaccenic acid) 
could be said to have an additive genetic determination, 
and again the estimated heritability value was very low 
(Table 2). When all the MUFA were studied as a group, 
no significant additive genetic variation was observed. 
This result made sense because approximately 89% of 
this group was composed of the individual FA shown in 
Table 2, and among them only C18:1 trans-11, which 
represented a mere 11% of the group, had a significant 
additive genetic determination; however, its heritability 
was very low.

Among PUFA, the hypothesis of traits showing addi-
tive genetic variation could be supported only for C18:2 
cis-9,cis-12 (cis isomer of linoleic acid). The estimated 
heritability for this FA was 0.11 (0.04) (Table 2). Also, 
it was observed that the magnitude of this heritability 
was greater than the respective value of the ratio of the 
permanent environmental variance to the total vari-
ance. For the PUFA group, a significant additive genetic 
determination was observed despite the fact that only 
1 of the FA included in this group (C18:2 cis-9,cis-12) 
showed a significant additive genetic variance. It should 
be noted that this FA represented approximately 53% 
of the group.

In general, except for C18:1 trans-11 and C18:2 cis-
9,cis-12, the content of unsaturated FA (UFA) can-
not be said to be heritable in the Churra breed. In 
dairy cattle, lower heritabilities for UFA than for SFA 
have been estimated but, contrary to our results, the 
magnitude of these estimates is still significantly dif-
ferent from zero. Stoop et al. (2008) reported values 
around 0.25 for different MUFA and polyunsaturated 
18-carbon-chain FA, and Soyeurt et al. (2007) esti-
mated heritability values of 0.15 for C18:1 and CLA. In 
our case, observing a significant value of heritability for 
trans-vaccenic (C18:1 trans-11) and cis-linoleic (C18:2 
cis-9,cis-12) acids could be said to be unexpected, par-
ticularly after considering that these FA are generated 
or modified by rumen bacteria and that they cannot be 
obtained by endogenous biosynthesis. This result could 
support the hypothesis presented in the introduction 
about genetic variability in the determination of rumen 
microbial population structure and activity. To our 
knowledge, no studies have investigated this hypoth-
esis, and indeed more research is needed to support 
it; however, evidence of individual variability in the 
composition of ruminant bacteria has been previously 
reported (Swain et al., 1996) by considering variations 
in the bacteriophage population.
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Table 2. Univariate estimates of heritability (h2), ratio of permanent environmental variance to phenotypic variance (p2), repeatability (r2), and 
results of the model choice tests: difference in deviance information criteria (DIC diff.) between genetic and nongenetic models and Bayes factor 
(BF) between nongenetic and genetic models 

Trait1

Genetic model2 Nongenetic model Model choice criteria

h2 p2 r2 DIC diff. BF

C8:0 0.05 (0.02) 0.03 (0.02) 0.07 (0.01) −22.18 5.50E+09
C10:0 0.07 (0.03) 0.05 (0.02) 0.11 (0.01) −22.11 3.87E+10
C12:0 0.07 (0.03) 0.06 (0.03) 0.13 (0.02) −22.47 5.10E+13
C14:0 0.08 (0.03) 0.04 (0.02) 0.11 (0.01) −30.35 4.64E+11
C16:0 0.04 (0.01) 0.01 (0.01) 0.04 (0.01) −25.53 2.33E+05
C18:0 0.08 (0.02) 0.03 (0.03) 0.11 (0.01) −33.32 6.71E+34
C16:1 cis-9 0.05 (0.01) −5.30 4.29E-01
C18:1 trans-11 0.02 (0.01) 0.02 (0.01) 0.04 (0.01) −11.43 3.39E+00
C18:1 cis-9 0.05 (0.01) −2.00 5.32E-02
C18:2 cis-9, cis-12 0.11 (0.04) 0.07 (0.03) 0.17 (0.02) −24.79 5.47E+35
C18:3 cis-9, cis-12, cis-15 0.06 (0.01) −3.54 3.99E-01
C18:2 cis-9, trans-11 (CLA) 0.04 (0.01) −0.74 1.03E-01
SFA 0.08 (0.01) −1.22 1.50E-02
MUFA 0.06 (0.01) −1.94 4.57E-02
PUFA 0.07 (0.03) 0.08 (0.02) 0.14 (0.02) −19.23 1.87E+22
n-6:n-3 0.08 (0.01) −2.73 4.43E-01
CLA:C18:1 trans-11 ratio 0.04 (0.01) −3.84 8.12E-01
Protein (%) 0.13 (0.05) 0.15 (0.04) 0.28 (0.02) −26.32 2.55E+45
Fat (%) 0.11 (0.04) 0.08 (0.03) 0.18 (0.02) −21.24 9.29E+23
Milk yield (mL/d) 0.16 (0.06) 0.31 (0.06) 0.46 (0.02) −11.36 2.29E+07

1CLA = conjugated linoleic acid; SFA = saturated fatty acids (FA); MUFA = monounsaturated FA; PUFA = polyunsaturated FA. The content 
of FA is expressed as a percentage in relation to the total amount of FA. n-6 includes C18:2 cis-9, cis-12, C18:3 cis-6, cis-9, cis-12, and C20:4 
cis-5, cis-8, cis-11, cis-14; n-3 includes C18:3 cis-9, cis-12, cis-15.
2Blanks correspond to traits for which a nongenetic model is statistically preferable, so no heritability estimates are reported. For those traits 
showing significant additive genetic variation, the reported parameter estimates under the genetic model correspond to those obtained under 
model 2 (see equation [2]); better mixing was observed when this genetic model was used.



For the particular cases of CLA and the ratio 
CLA:C18:1 trans-11, no significant additive genetic 
variation was observed. This result is in agreement with 
the low number of allelic variants so far observed in the 
gene coding this enzyme across several sheep breeds, 
including Churra: only 4 SNP have been observed 
and they were located in noncoding regions (García-
Fernández et al., 2009).

Production Traits. The genetic model was always 
supported by the data and heritability estimates were 
in line with estimated values previously reported for the 
respective traits in this breed (Othmane et al., 2002; 
El-Saied et al., 2006). However, the magnitude of the 
estimated heritabilities for these traits was lower than 
those reported for other dairy sheep breeds performing 
under less variable environments; for example, Lacaune 
(Barillet and Boichard, 1987). In dairy cattle, heritabil-
ity estimates for FA content are in general lower than 
those for production traits. In agreement with this 
observation, we obtained in Churra lower heritability 
estimates for FA than for production traits.

To our knowledge, only one study has investigated 
the genetic determination of FA content in sheep milk 
(Carta et al., 2008) in a crossbred population between 

Lacaune and Sardinia breeds. Within this project, QTL 
regions involved in the determination of different FA 
contents and ratios were detected. But no reports on 
the genetic determination of traits according to the 
genetic infinitesimal model have been published.

Genetic Correlations

Individual FA and Production Traits. In general, 
the studied SFA of medium chain length (C8:0–C14:0) 
were moderately genetically positively correlated to 
each other (Figure 1). The genetic correlation between 
these SFA and the studied long-chain SFA (C16:0, 
C18:0) were in general lower in magnitude than the 
previous correlations, but negative. The genetic cor-
relation between C16:0 and C18:0 could not be said to 
be different from zero. Similar results were obtained for 
Dutch (Stoop et al., 2008) and Belgian (Soyeurt et al., 
2007) cattle populations.

Regarding the genetic correlation between the consid-
ered UFA (C18:2 cis-9,cis-12 and C18:1 trans-11—those 
presenting significant additive genetic variation in the 
univariate analyses), given its 95% highest posterior 
density interval, it could not be said to be different from 
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Figure 1. Genetic correlations between individual fatty acids and production traits. Upper triangle = marginal posterior means; lower tri-
angle = marginal posterior standard deviations; diagonal = multitrait heritabilities. Asterisks represent correlation estimates for which the 95% 
highest posterior density region does not include zero. Black rows and columns correspond to those traits not showing significant additive genetic 
variance in the univariate analysis. c = cis; t = trans.



zero. Previous studies in dairy cattle have, in general, 
reported positive estimates for genetic correlations be-
tween UFA (Soyeurt et al., 2007; Stoop et al., 2008). In 
our case, the only genetic correlations between SFA and 
UFA with relevant magnitudes were observed between 
C10:0, C12:0, C14:0, C18:0, and C18:1 trans-11 and 
between C14:0 and C18:2 cis-9,cis-12 (Figure 1). There 
does not seem to be congruency among previous studies 
in dairy cattle for these correlations. Mele et al. (2009) 
reported a genetic correlation of −0.91 between C18:0 
and C18:1 trans-11, but Stoop et al. (2008) reported a 
value of 0.05.

The estimates of the genetic correlation between in-
dividual FA and production traits could not be said to 
be different from zero, except between fat percentage 
and C18:0 and milk yield and C8:0 (Figure 1). In dairy 
cattle, genetic correlations between fat and protein 
percentages and FA are higher in magnitude than our 
estimates. It seems that SFA are positively correlated 
to fat percentage (except C14:0), and protein percent-
age and UFA are negatively correlated to both fat and 
protein percentage (Soyeurt et al., 2007).

Finally, regarding correlations between production 
traits, negative values were observed between milk 
yield and both percentage of protein and fat, but their 
95% highest posterior density included zero. Genetic 
correlation showed a moderate positive value of 0.50 
between these 2 percentages.

When comparing the estimated heritabilities from 
univariate and multivariate analyses, fairly high agree-
ment was observed for all FA and percentages of fat 
and protein in milk; however, this was not the case for 
milk yield. A much higher value of heritability was ob-
served for this trait from the multitrait (MT) analysis. 
As could be expected, for all the traits the marginal 
posterior standard deviations for heritabilities from the 
MT analysis were smaller than those from univariate 
analyses (result not shown).

Groups of FA and Production Traits. The only 
group of FA showing additive genetic variation in the 
univariate analyses was PUFA; however, in the mul-
tivariate analysis its estimated heritability was zero 
and the magnitude of the correlations between this FA 
and production traits were close to zero as well. Thus, 
any further discussion of these genetic correlations is 
unnecessary. The genetic correlations between produc-
tion traits estimated in this analysis were similar to 
those obtained from the MT analysis involving indi-
vidual FA and production traits, which were 0.6(0.13), 
−0.12(0.16), and −0.07(0.17) between fat and protein 
percentages, between fat percentage and milk yield 
(mL), and between protein percentage and milk yield 
(mL), respectively.

In this second multivariate analysis, large discrepan-
cies were also observed between the estimated heritabil-
ity for milk yield and that obtained in the univariate 
analysis. Therefore, to assess the influence of FA and 
their groups and ratios on the heritability estimate for 
milk yield, a third analysis involving only the 3 produc-
tion traits was conducted. In this analysis, the heritabil-
ity estimate for milk yield was slightly higher than that 
observed in the univariate analyses (result not shown) 
but lower than that in Figure 1 and that obtained in 
the second MT analysis. Thus, the discrepancies may be 
a consequence of the effect of the correlations between 
FA, FA ratios and groups, and milk yield.

Despite this discussion about genetic correlations 
between FA contents, groups, and ratios of FA and 
production traits, the difficulty in estimating these 
parameters must be addressed. This is reflected in the 
high magnitude of their posterior standard deviations 
and in the observed discrepancies between estimates for 
the same parameter across studies.

General Discussion

In most previous studies in dairy cattle, FA ratios 
involving a cis-9 UFA and its respective saturated coun-
terpart, which are regarded as proxies of Δ9-desaturase 
activity, have been shown to present additive genetic 
variation. This results in a general increase in addi-
tive genetic variance for endogenous biosynthesized 
FA, as well as in additive genetic covariance between 
them. We did not observe this genetic variation, which 
could well explain our low estimates of heritabilities, 
in particular for UFA. Another explanation for the 
general low magnitude of the estimated heritabilities, 
repeatabilities, and correlations in our population could 
be related to the fact that in Churra commercial milk 
production systems, even during milking periods, it is 
common to alternate indoor feeding with outdoor pas-
ture usage. This practice generates additional variation 
because of interactions between individual animals and 
feeding systems (i.e., G × E interaction), which cannot 
be taken into account by our model. This additional 
source of variation would be important in traits highly 
affected by diet. So, at best, our estimates could be 
interpreted as an average of the parameters in all the 
range of possible environments. But, in the worst case, 
the extra nonconsidered variation, because of these 
putative interactions, could be assigned to the residual 
terms, reducing the magnitude of the estimated heri-
tabilities and repeatabilities. The presence of these G 
× E interactions is particularly likely in our sample 
given that a wide range of nongenetic factors (e.g., 
several lactations, long lactation periods, and record-
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ing throughout the year) are covered. An alternative 
to reduce this putative interaction would be to reduce 
the range of nongenetic factors, as has been done by 
Stoop et al. (2008), but then the sample would not 
fully reflect the complete environmental variation in 
that population.

In this study, our interest was in estimating genetic 
parameters for FA composition (i.e., FA in fat) to as-
sess the possibility of modifying FA profile by selective 
breeding. An alternative selection criterion could be 
the amount of FA in milk. For this trait, it would be 
expected to have a higher heritability because genetic 
variation of fat percentage would be involved. We ob-
served this fact when the studied traits were FA compo-
sitions (our current traits) multiplied by fat percentage 
of each particular sample. This criterion would be more 
appropriate for selection to increase the total amount 
of a particular FA, but not for altering FA profile, be-
cause in using these traits higher correlations would 
exist between the selection criteria; fat percentage is a 
common factor to all of the traits. Then it would not 
be possible to modify the amount of different FA in 
opposite directions.

CONCLUSIONS

In general, very low additive genetic variance was 
estimated for the percentages of the different FA in 
Churra sheep fat milk. This result does not allow a 
selection breeding program based on classical animal 
evaluations to be considered for modifying the FA 
profile in this breed’s milk under current production 
conditions.
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