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Summary

Bivariate animal models were used to estimate genetic correlations of 5 meat quality and sensory
traits with 25 individual and grouped fatty acids (FA) in subcutaneous adipose (SQ) tissue of a
population of 1366 finishing heifers and steers of Angus, Hereford–Angus crossbreeds,
Charolais–Red Angus crossbreeds, Hereford-Angus and Gelbvieh-Angus crossbreeds, and
terminal crossbreeds of multiple breeds. Heritabilities of the 5 meat quality and sensory traits
were generally low (0.02±0.04 to 0.17±0.07). Overall, more than half of the genetic correlations
were low (< 0.30 in magnitude). However, moderate to moderately strong relationships were
estimated, and they were mostly favorable or neutral except for antagonistic relationships such as
unhealthy 16:0 with sustained juiciness (SJ) (0.44±0.32), ai17:0 and branch chain fatty acid
(BCFA) with pH (-0.66±0.17 and -0.31±0.27, respectively), and n-6:n-3 ratio with drip loss (-
0.51±0.22). The estimates of genetic correlations will help in designing multiple trait selection
indexes to maximize economic returns when fatty acid composition, meat quality and sensory
attributes are included as economically relevant traits in the breeding objective.
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Introduction

<tab>Beef fatty acid (FA) composition influences eating experience by impacting sensory
attributes such as flavor and juiciness (Elmore et al., 1999; Sakuma et al., 2017). With the
growing demand for healthier beef products, it is necessary to examine genetic relationships
between beef FA profile and meat quality and sensory attributes to understand how genetic
selection for FA will affect meat quality and sensory traits. The aim of this study was to estimate
genetic correlations of FA in subcutaneous adipose tissue (SQ) with meat quality traits and
sensory attributes in Canadian beef cattle.

Materials and methods

<tab>A total of 1366 finishing steers and heifers, which originated from Alberta, Canada, were
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used in this study. The animals were born between 2008 and 2011 and are composed of Angus
(n=6), Hereford–Angus crossbreeds (HEAN; n = 120), Charolais–Red Angus crossbreeds (n =
93), Hereford-Angus and Gelbvieh-Angus (HEANGV) crossbreeds (n = 209), and commercial
terminal crossbreeds (TXX; n = 938) as described previously (Zhang et al., 2017). The day after
slaughter, pH was determined in the posterior end of the longissimus lumborum (LL) muscle,
after which 2.5 cm thick steaks were cut from the anterior portion of the muscle at 2 day post
mortem, identification tagged, vacuum packaged and placed into a cooler or a -35°C freezer for
subsequent evaluation of the meat quality and sensory traits (Table 1). For sensory evaluation, the
steaks were cooked to a final internal temperature of 71oC and then cut into 1.3cm cubes,
avoiding connective tissues and large areas of fat. Eight cubes from each sample were randomly
assigned to an eight member trained taste panel. Samples were placed in glass jars in a
circulating water bath (Lindberg/Blue Model WB1120A-1, Kendro laboratory products,
Asheville, NC) and allowed to equilibrate to 71ºC prior to evaluation. Sensory descriptors were
defined on a nine-point scale (1 to 9). Beef flavor intensity (BFI) from 1= extremely bland to
9=extremely intense, and off flavor (OF) from 1= extremely intense off flavor to 9 = no off-
flavor were perceived within 10 to 20 chews. Just before expelling the sample, attributes for
sustained juiciness (SJ) (from 1=extremely dry to 9= extremely juicy) was assessed. The sensory
measurements were reported as the average of the scores of the 8 members. Following a 6-day
ageing period, the second steak was removed from the cooler and weights were recorded for
purge loss. The steaks were pre-weighed into a polystyrene tray with a dri-loc pad, over-wrapped
with oxygen permeable film (8000 ml m-2 24 h-1 vitafilm choice wrap) (Goodyear Canada Inc.)
and put into a retail display case at 1oC for evaluation of drip loss (DL). Fatty acid analyses were
conducted on the subcutaneous adipose tissue (SQ) of each carcass. Procedures for FA
quantification and FA descriptions were provided previously (Zhang et al., 2017). Fatty acids
averaging more than 0.48% of the total fatty acid methyl esters were analyzed in this study as
listed in Table 2.
<tab>Bivariate animal models as implemented in ASReml 4.0 (VSN International Ltd., Hemel
Hempstead, UK) (Gilmour et al., 2015) were used to analyze a pairwise combination of the 25
fatty acids with the 5 meat quality and sensory traits. The bivariate animal model used for the
analyses was similar to that previously described (Zhang et al., 2017). Fixed effects for fatty
acid traits included breed type, gender, production system, and linear covariates of individual
animal’s age at slaughter, days between slaughter and fatty acid extraction, and metabolizable
energy content of the diet. The fixed effects for the meat quality and sensory traits included
breed type, gender, production system, and a linear covariate of individual animal’s age at
slaughter. Contemporary groups were defined as a combination of feedlot test location and year
(20 levels) and were fitted as a random effect. The additive genetic relationship matrix was
constructed from pedigree that was traced back one generation including 1366 animals and their
130 sires. Variance and covariance components of the traits were estimated by restricted
maximum likelihood (REML). Genetic correlations were then estimated based on the genetic
variance and covariances. Heritability reported for the meat quality and sensory traits was the
average over all bivariate analyses of the trait.

Results and discussion

<tab>Descriptive statistics and heritabilities of the 15 individual and 10 grouped fatty acid traits
listed in Table 2 have been previously reported (Zhang et al., 2017), thus only the means,
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standard deviation (SD), coefficient of variation (CV), and heritability estimates (±SE) of the 2
meat quality and 3 sensory traits are presented in Table 1. Mean values for taste panel scores for
sensory attributes BFI, OF, and SJ correspond to slightly to moderately flavorful, tender and
juicy beef, and the averages for DL and pH are in the range of what is considered normal in
beef.

Table 1. Descriptive statistics and heritability estimates (±SE) of meat quality and sensory traits
in longissimus lumborum muscle of Canadian beef cattle.

Trait N Mean SD CV% h2±SE
Drip loss (DL) % 1018 31.18 8.35 26.78 0.17±0.07
pH 1133 5.57 0.08 1.44 0.13±0.07
Beef flavor intensity (BFI) 1132 5.36 0.41 7.65 0.06±0.04
Off flavor (OF) 1126 7.94 0.49 6.17 0.12±0.06
Sustained juiciness (SJ) 1129 5.46 0.42 7.69 0.02±0.04

Table 2. Genetic correlations (±SE) of 25 major fatty acids in subcutaneous adipose tissue with 5
meat quality and sensory traits in Canadian beef cattle.

Traits DL BFI OF SJ pH
14:0 0±0.26 -0.43±0.3 -0.25±0.28 -0.68±0.33 0.27±0.26
15:0 -0.02±0.3 -0.44±0.34 -0.2±0.33 -0.4±0.57 0.17±0.32
16:0 0.11±0.24 -0.25±0.32 -0.17±0.26 0.44±0.32 0.62±0.16
17:0 0.15±0.25 -0.17±0.35 0.25±0.26 -0.21±0.5 0.18±0.26
18:0 0.83±0.07 -0.42±0.27 0.42±0.19 -0.51±0.31 0.27±0.22
ai17:0 0.66±0.16 -0.2±0.37 -0.27±0.29 -0.39±0.49 -0.66±0.17
9c-14:1 -0.45±0.18 0.22±0.29 -0.52±0.18 0.15±0.42 -0.23±0.22
9c-16:1 -0.65±0.13 0.01±0.29 -0.32±0.21 0.07±0.42 0.14±0.22
9c-17:1 -0.35±0.27 0.16±0.42 -0.03±0.34 -0.19±0.56 -0.06±0.34
9c-18:1 -0.42±0.23 0.52±0.29 0.2±0.3 0.68±0.38 -0.42±0.25
11c-18:1 -0.95±0.03 0.55±0.28 -0.07±0.29 0.68±0.33 -0.13±0.3
13c-18:1 -0.78±0.09 0.97±0.02 -0.08±0.23 0.1±0.42 -0.46±0.17
10t-18:1 0.64±0.16 -0.2±0.35 -0.05±0.29 -0.56±0.37 -0.08±0.28
11t-18:1 0.01±0.3 0.23±0.38 0.06±0.31 0.09±0.55 -0.29±0.29
18:2n-6 -0.06±0.23 0.02±0.31 -0.22±0.22 0.01±0.43 -0.26±0.24
SFA 0.57±0.15 -0.49±0.25 0.11±0.24 -0.16±0.44 0.55±0.17
BCFA 0.68±0.14 -0.53±0.28 -0.42±0.25 -0.75±0.28 -0.31±0.27
SFA+BCFA 0.6±0.14 -0.52±0.25 0.07±0.25 -0.18±0.45 0.52±0.18
MUFA -0.7±0.12 0.55±0.23 -0.01±0.25 0.24±0.46 -0.48±0.19
Sum of trans18:1 0.7±0.12 -0.21±0.32 -0.03±0.27 -0.59±0.32 -0.24±0.25
sumCLA -0.54±0.19 0.97±0.02 0.03±0.3 0.56±0.36 -0.44±0.22
PUFA -0.02±0.23 0.01±0.31 -0.23±0.23 0.02±0.43 -0.29±0.23
n-6 -0.08±0.23 0.03±0.31 -0.23±0.22 0.07±0.42 -0.27±0.23
n-6:n-3 ratio -0.51±0.22 -0.15±0.39 -0.15±0.31 -0.16±0.54 0.07±0.32
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Health Index -0.15±0.25 0.45±0.3 0.12±0.29 0.09±0.52 -0.49±0.22
DL= Drip loss, BFI= Beef flavor intensity, OF = Off flavor, SJ = Sustained juiciness.

<tab>Heritability estimates for the 5 meat quality and sensory traits ranged from 0.02±0.04 for
SJ to 0.17±0.07 for DL. The heritability estimate obtained in this study for BFI (0.06±0.04) is
similar to a low estimate of 0.07 reported by Dikeman et al. (2005), suggesting non-genetic
factors, likely sample preparation and cooking techniques, have a stronger influence on this trait.
Heritability estimates for juiciness, 0.02±0.04, is similarly low as 0.01±0.08 reported by
Nephawe et al. (2004) but lower than 0.46 reported by Dikeman et al. (2005).
<tab>Genetic correlations of the 25 fatty acids with the 2 meat quality and 3 sensory traits
ranged from -0.95 ±0.03 for 11c-18:1 with DL to 0.97 ±0.02 for 13c-18:1 with BFI (Table 2)
with more than half of the correlation coefficients being less than 0.3 in magnitude. The
moderate to moderately strong relationships indicate a possibly similar host genetic influence on
FA, meat quality, and sensory traits. Although most moderate to moderately strong relationships
were favorable or neutral when the healthfulness of fatty acids is considered, antagonistic
genetic correlations were observed such as ai17:0 and BCFA with pH (-0.66±0.17 and -
0.31±0.27, respectively), 16:0 with SJ (0.44±0.32), n-6:n-3 ratio with DL (-0.51±0.22). The
antagonistic genetic correlations suggest that selection for healthier fatty acid profile, i.e. lower
concentrations of ai17:0 and BCFA, low concentration of 16:0, and lower n-6:n-3 ratio, will lead
to correlated genetic changes of greater pH, lower sustained juiciness, and greater drip loss,
respectively, in beef. Therefore, multiple trait selection indexes are recommended to maximize
economic returns when fatty acid composition, meat quality and sensory attributes are included
as economically relevant traits in the breeding objective.
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