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ABSTRACT: Heritability of 17 conjugated linoleic acid 
(CLA) isomers in brisket adipose tissue was estimated 
based on data of 223 crossbred Canadian commercial beef 
steers. Heritability estimates for CLA isomers were low to 
moderate, ranging from 0.06±0.10 (9t,11t-18:2;10t,12t-
18:2) to 0.45±0.11 (12c,14t-18:2) with an average of 0.17. 
Fourteen of the 17 CLA isomers investigated had heritabil-
ity estimates smaller than 0.20.  The most abundant CLA 
isomer 9c,11t-18:2, which accounted for 62.5% of total 
CLA quantified, had a low heritability estimate of 
0.13±0.11. The heritability estimates from this study may 
provide insight into the direct genetic control of host genes 
on CLA content in beef tissues and facilitate design of 
genetic selection and/or genetic based diet management 
systems to improve CLA content in beef.   
Keywords: beef cattle; heritability; conjugated linoleic 
acids 
 
 

Introduction 
 

Beef can be an excellent source of protein in the 
human diet and also contains many essential vitamins and 
minerals. Decades ago, Pariza and Hargraves (1985) 
demonstrated that beef extracts had anti-carcinogenic ef-
fects, and later this was connected to the presence of conju-
gated dienoic isomers of linoleic acid, i.e. conjugated lino-
leic acid (CLA) (Pariza et al. 1999).   It has been suggested 
that CLAs enhance the immune system, bone mineraliza-
tion (Chin et al. 1994; Pariza et al., 1999) and may also aid 
in weight management in humans (Rainer and Heiss, 2004; 
Whigham et al. 2007). But it has also been found that indi-
vidual CLA isomers have different effects (isomer-specific) 
on human health (Tricon et al. 2004).   

 
The potential beneficial effects of CLA isomers on 

human health have sparked interest in increasing the 
amount of CLA deposited in beef. Diets have been  de-
signed to specifically improve the CLA content of beef 
(Mir et al. 2004). However, understating the genetic control 
of host genes on CLA content in beef tissues may further 
improve CLA content by capitalizing on the natural genetic 
differences in CLA among animals through genetic selec-
tion	  and/or genetic based diet management, but reports on 
heritability estimates for CLA in beef tissues are limited 
(Kelly et al. 2013; Saatchi et al. 2013). In a previous study, 
we estimated the heritability of total CLA in brisket adipose 
tissue in Canadian crossbred beef steers (Ekine-Dzivenu et 

al. 2013). In this study, we report heritability estimates for 
17 individual CLA isomers.  
 

Materials and Methods 
 

Animals and management. Two hundred and 
twenty-three Angus and Charolais based Canadian com-
mercial crossbred steers were used in this study. The steers 
originated from Deseret Ranches near Lethbridge, Alberta, 
Canada, and were cared for according to the guidelines of 
the Canadian Council of Animal Care (CCAC, 1993).  The 
steers were part of a study that examined the impact of 
subtherapeutic non-ionophore antibiotics on feedlot cattle 
(Aldai et al. 2008), and had similar body weights at the 
beginning of the study (198±20 kg). Production manage-
ment, diets, and non-ionophore antibiotics were described 
previously (Aldai et al. 2008). Briefly, steers were random-
ly assigned to 24 feedlot pens. A grower diet of 53.9% 
barley silage, 37.1% barley, 6.8% supplement, and 2.2% 
antibiotic premix was fed for 80 days. Subsequently, the 
steers were fed 4 transition diets over a 21-day period to 
adapt to a grain-based finishing diet, which consisted of 
81.1% barley, 9.1% barley silage, 7.5% supplement, and 
2.3% antibiotic premix. The steers were then fed grain-
based finishing diet for 120 days with 1 of 5 nonionophore 
antibiotic treatments randomly assigned. The antibiotic was 
administered throughout the feeding period and withdrawn 
21 days before slaughter.  The effects of non-ionophore 
antibiotics on  FA composition were reported and no signif-
icant effects (P>0.05) were found for total CLA or CLA 
isomers (Aldai et al. 2008),    

 
Animal tissue collection and fatty acid analyses. 

Samples of brisket adipose tissue were collected within 48 
h post mortem from each steer (580±34kg) after slaughter. 
The animal tissues were placed in plastic bags, frozen on 
dry ice and stored at -80ºC. Details of FA analyses have 
been described previously (Aldai et al. 2008). Briefly, bris-
ket adipose tissue samples were freeze-dried and directly 
methylated with sodium methoxide. The fatty acid methyl 
esters (FAME) were analyzed by gas chromatography (GC) 
and silver-ion high performance liquid chromatography 
(Ag-HPLC) using the methods outlined by Cruz-Hernandez 
et al. (2004). In total, 17 CLA isomers were analyzed in this 
study and their concentrations were expressed as a percent-
age of total FAME quantified.  

 



Statistical analyses. Phenotypic and genetic vari-
ances were estimated by restricted maximum likelihood for 
each of 17 CLA isomers using ASReml version 3.0 (Gil-
mour et al., 2009). The univariate animal model included 
fixed effects of contemporary groups of combinations of 
antimicrobials (non-ionophore) by feedlot pen, random 
effects of additive polygenic effects and residual effects. A 
genomic relationship matrix was used to model the additive 
polygenic effects as the pedigrees of the steers were not 
available. The genomic relationship matrix was constructed 
based on 961 SNP genotypes of  454 fat synthesis and dep-
osition related genes on the 223 steers using the method 
proposed by VanRaden, (2008), which was also described 
in a previous report (Ekine-Dzivenu et al. 2013). Heritabil-
ity and its standard error (SE) were calculated for each CLA 
isomer based on the estimates of phenotypic and additive 
genetic variances. 

 
Results and Discussion 

 
The descriptive statistics and heritability estimates 

are presented in Table 1 for 17 CLA isomers. The most 
abundant CLA isomer was 9c,11t-18:2, which accounted 
for 62.5% of total CLA quantified. Other CLA isomers 
accounted for much smaller amount of total CLA, ranging 
from 0.31% (6t,8t-18:2) to 9.01% (7t,9c-18:2).   

 
Fourteen of the 17 CLA isomers had an estimate 

of heritability below 0.20. In a previous study, a heritability 
estimate of 0.06±0.10 was obtained for total amount of 
CLA in the brisket adipose, which is lower than the herita-
bility estimates of most individual CLA isomers in this 
study. The most abundant CLA isomer 9c,11t-18:2 (ru-
menic acid) had a heritability estimate of 0.13±0.11 (Table 
1), similar to an estimate of 0.11 reported in muscle tissue 
of Angus beef cattle by Saatchi et al. (2013), but lower than 
the estimate of 0.24±0.09 in subcutaneous fat depot of a 
multi-breed beef cattle population (Kelly et al. 2013).  

 
Table 1. Descriptive statistics and heritability estimates 
(h2±SE) for conjugated linoleic acid (CLA) isomers in 
brisket adipose tissue of Canadian commercial cross-
bred beef steers 
Trait* Mean±SD Range   h2±SE 
6t,8t-18:2 0.002±0.001 0.0002-0.0045 0.16±0.11 
7t,9c-18:2 0.051±0.014 0.0233-0.1255 0.18±0.12 
8t,10c-18:2 0.013±0.003 0.0043-0.0286 0.07±0.10 
8t,10t-18:2 0.002±0.001 0.0008-0.0038 0.11±0.11 
9c,11c-18:2 0.030±0.011 0.0126-0.1012 0.07±0.10 
9c,11t-18:2 0.351±0.094 0.1859-0.8417 0.13±0.11 
9t,11c-18:2 0.028±0.013 0.0069-0.0975 0.22±0.12 
9t,11t-18:2 0.010±0.002 0.0063-0.0159 0.06±0.10 
10c,12c-18:2 0.016±0.008 0.0021-0.0482 0.09±0.11 
10t,12c-18:2 0.007±0.002 0.0026-0.0144 0.21±0.12 
10t,12t-18:2 0.005±0.001 0.0028-0.0078 0.06±0.10 

11c,13t-18:2 0.012±0.005 0.0033-0.0287 0.37±0.12 
11t,13c-18:2 0.010±0.005 0.0010-0.0410 0.11±0.11 
11t,13t-18:2 0.007±0.002 0.0023-0.0133 0.17±0.11 
12c,14t-18:2 0.008±0.003 0.0013-0.0201 0.45±0.11 
12t,14c-18:2 0.002±0.001 0.0003-0.0082 0.17±0.12 
12t,14t-18:2 0.003±0.001 0.0009-0.0112 0.19±0.12 
*The concentrations of conjugated linoleic acid (CLA) isomers were 
expressed as a percentage of total fatty acid methyl esters (FAME) quanti-
fied.   

 
It has been proposed that CLA isomers have two 

origins: either CLA isomers are formed during ruminal 
biohydrogenation of linoleic acid or they are of endogenous 
origin, in which CLA isomers are synthesized by the host 
animal (Griinari and Bauman, 1999). The low estimates of 
heritability for most CLA isomers suggest a stronger influ-
ence of rumen metabolism on  CLA content of adipose 
tissue. The most abundant CLA isomer 9c,11t-18:2 was 
proposed to originate from the action of Δ9-desaturase on 
trans-11 octadecenoic acid (11t- 18:1), also known as vac-
cenic acid (Griinari and Bauman, 1999). However relatively 
low heritability estimates (0.11 to 0.24) on the content of 
9c,11t-18:2 in brisket adipose tissue in this study, in muscle 
tissue of Angus beef cattle (Saatchi et al. 2013) and in sub-
cutaneous fat depot of a multi-breed beef cattle population 
(Kelly et al. 2013) suggest that the contents of 9c,11t-18:2 
in beef tissues are still largely  influenced by the microbial 
rumen composition in the rumen and/or ruminal environ-
ments.  In a previous study, we observed a low heritability 
estimate of 0.11±0.11 for the content of 11t-18:1 in the 
brisket adipose tissue of beef cattle (Ekine-Dzivenu et al. 
2013), suggesting that 11t-18:1, one of intermediates in the 
ruminal biohydrogenation of unsaturated fatty acids, is 
under strong influence of rumen microorganisms and/or the 
ruminal environments. This may lead to a lower heritability 
for	  CLA isomer 9c,11t-18:2 even though host genes play a 
role in converting 11t-18:1 to 9c,11t-18:2. However, the 
low estimate of heritability does not necessarily indicate 
host genes have weak genetic influence on the CLA content 
as non-additive genetic effects such as dominance and epi-
static genetic effects were not quantified in this study. For 
CLA isomers with low heritability estimates, the host genes 
may also play a role in determining CLA content in beef 
tissues by interacting with other genes and/or by interacting 
with genes of rumen microbes and/or by shaping rumen 
environments, all of which needs further investigations.        

 
Relatively higher estimates of heritability were ob-

served for minor CLA isomers 10t,12c-18:2 (0.21±0.12), 
9t,11c-18:2, (0.22±0.12), 11c,13t-18:2 (0.37±0.12), and 
12c,14t-18:2 (0.45±0.11) but the genetic mechanisms of 
host gene effects on these CLA isomers remain unclear. 
Inter-conversion of CLA isomers may be having some 
influences (Schneider et al. 2012), as well as the presence 
of previously uncharacterized desaturases (Rioux et al. 
2013). It is noted that the small sample size and relatively 
low concentrations of the CLA isomers in the brisket adi-



pose tissues may bias the estimates of heritability for CLA.  
Further studies are required to delineate host genetic con-
trols on CLA content/composition in beef tissues.  
 

Conclusion 
 

Most of the CLA isomers including	   the most 
abundant CLA isomer 9c,11t-18:2 had heritability estimates 
smaller than 0.20, suggesting that CLA content in beef 
brisket adipose tissue is under the stronger influence of 
rumen microorganisms and/or ruminal environments. Rela-
tively higher estimates of heritability were observed for 
minor CLA isomers 10t,12c-18:2, 9t,11c-18:2,11c,13t-18:2 
and 12c,14t-18:2. However, estimating heritability of CLA 
isomers is still at its early stage and therefore more studies 
are needed to improve our understating of host genetic 
controls on CLA content in beef tissues. 
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