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Introduction  
Marbled beef steaks are appreciated and valued by consumers. The proportion of lipids in 

muscle tissue affects both juiciness and tenderness in terms of palatability. Marbling, i.e. 

intramuscular fat, is partly dependent on the genotype of the animal (Shackelford et al. 

1994). It has been shown that a dinucleotide mutation resulting in an amino acid substitution 

from lysine (K) to alanine (A) at position 232 (exon 8) in the gene encoding DGAT1, 

Diacylglycerol acyltransferase 1, is related to the amount of intramuscular fat in cattle 

(Thaller, Kühn, Winter et al. 2003). DGAT1 is an important enzyme that catalyzes the final 

step in the mammalian triglyceride synthesis. The proposed ancestral K allele has been 

associated with higher activity of the enzyme (Grisart, Farnir, Karim, et al. 2004). In the 

study by Kaupe, Winter, Fries et al. (2004), the A allele was found to be the most frequent 

allele in the majority of the analysed beef breeds. The aim of the present study was to get a 

preliminary estimate of the frequencies of DGAT1 K232A genotypes in beef breeds in 

Sweden, and their effects on marbling and tenderness.  

 

Material and methods  
Animals. The animals consisted of in total 218 young bulls; 33 Angus, 6 Blonde 

d’Aquitaine, 96 Charolais, 32 Hereford, 32 Limousin, 13 Simmental, and 6 crossbred 

animals being crosses between continental beef breeds. The bulls were raised in Swedish 

commercial beef herds. Classification of the carcass conformation was performed according 

to the EU-system EUROP on a subjective scale with 15 levels. Similarly, fat class was 

assessed on a subjective scale with 15 levels. Average carcass weight and slaughter age is 

presented in Table 1.  

 

Muscle samples from M. longissimus dorsi, in the rib eye area close to the 11-12 ribs, were 

collected from beef cattle bulls, slaughtered in Sweden and classified as “young bull”, i.e. 

entire males younger than 24 months that do not fulfil the requirements for classification as 

calf. On day 7 post-mortem, a 2-cm slice was cut out and photographed on both sides 

(Panasonic DMC-FZ50, Osaka, Japan). To avoid flash from surface fluid on the muscle, a 

polarizing filter was used on the camera together with polarized cover on the photo lamps. 

Muscle samples were also dabbed with a paper towel before taking the photo. The 

intramuscular fat content on the images was assessed by two independent individuals using a  
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subjective marbling grading score (1 = no visible fat, to 5 = medium amount of visible fat). 

For subsequent DNA extraction pieces of muscle were chopped and put into sterile 

microfuge tubes, stored at -80 °C.  

 

Warner Bratzler Shear force was measured as described by Honikel (1998), with some 

modifications. A 7-cm long meat sample was cut out, vacuum packed and stored at -20 °C 

until analysis. The meat samples were thawed overnight at 4 °C, temperature equilibrated in 

a water bath at room temperature for 30 min, heated in a 72 °C water bath until a core 

temperature of 70 °C, and cooled under running cold tap water for 30 min. The cooked 

samples were kept at 4°C over night to equilibrate the temperature. For each sample, twelve 

strips were cut out minimum 30-mm long with 100-mm2 (10×10) cross-sectional area. The 

direction of muscle fibres was parallel to the longitudinal direction of the strip. Shear force 

was measured with a Stable Micro System Texture Analyser HD 100 (Godalning, UK) with 

a Warner Bratzler shear force blade. The cutting blade was 1mm thick with a rectangular 

shaped cutting area of (11×15mm) and had a speed of 0.83 mm/s when cutting through the 

strips. Shear force was recorded as peak force (N) and total energy (Nmm, area under the 

curve).  

 

DNA was extracted from muscle tissue using the Omega Bio-Tek Tissue DNA Kit. Allelic 

discrimination in DGAT1 was carried out using Real-Time PCR with TaqMan chemistry 

(Applied Biosystems StepOnePlus™ ). The primer probes for this reaction were designed 

based on the DGAT1 sequence (AY065621): forward, 5’-CGCTTGCTCGTAGCTTTGG-3’; 

reverse, 5’-CGCGGTAGGTCAGGTTGTC-3’; VIC probe (detects the allele encoding 

232K), 5’-CGTTGGCCTTCTTAC-3’; FAM probe (detects the allele encoding 232A), 5’-

TTGGCCGCCTTAC-3’.  

 

Statistical analyses. The effect of DGAT1 polymorphism on marbling and shear force was 

analysed for Charolais carcasses using the GLM procedure (SAS Institute Inc., Version 9.2). 

The model included the fixed effects of genotype (KA and AA) and carcass weight as a 

covariate.  

 

Results and discussion  
Frequencies of DGAT1 K232A genotypes and the 232A allele differed between the breeds 

(Table 2). Generally, the frequency of the K allele was considerably lower than the A allele 

in all breeds, with the exception of the Blonde d’Aquitaine breed in which the two alleles 

occurred at similar frequencies. Within the groups of Hereford and Simmental animals no 

carriers of the K allele were found; altogether only one single homozygous KK individual 

was found in this study. The allele and genotype frequencies were in accordance with 

previously published results (Winter, Krämer, Werner et al. 2002; Kaupe, Winter, Fries et al. 

2004).  

 

 

 

 

 

 



Table 1: Mean values (SD in subscript) of slaughter age, carcass weight, EUROP 

conformation, fat scores, marbling score and shear force in 218 Swedish young bulls
1
  

 

 

Breed n Slaughter 

age (days) 

Carcass 

weight (kg) 

EUROP Fat Marb-

ling
2 

Shear 

force
3
(N) 

Angus     33 471.272.1 316.541.7 7.01.5 7.51.5 2.80.9 36.97.6 

Blonde  6 405.240.6 377.039.8 11.00.9 4.01.7 1.30.3 38.97.6 

Charolais     96 414.135.8
 

383.530.2 10.31.3 7.01.2 2.00.4 45.2 13.9 

Hereford      32 444.440.3
 

316.133.0 6.91.1 7.71.8 2.30.6 50.4 12.9 

Limousin     32 421.937.6
 

370.223.5 12.31.3 6.60.7 1.80.4 53.5 21.3 

Simmental    13 396.532.1
 

352.724.0 8.81.2 7.91.1 2.70.9 54.620.9 

Crossbred
4 

6 428.020.1
 

331.030.6 8.30.8 8.30.5 3.10.6 37.86.8 

1
Entire males younger than 24 months that do not fulfil the requirements for classification as calf.  

2
Subjective marbling grading score (1 = no visible fat, to 5 = medium amount of visible fat), based on images of 

slices of M. longissimus dorsi.  
3
Peak force.  

4
Crosses between continental beef breeds. 

 

Table 2: Frequencies of DGAT1 K232A genotypes and the 232A allele in Swedish beef 

breeds  

 

Breed n KK   (%) KA    (%)    AA       (%) Allele 232A 

Angus 33 1 (3.0) 11 (33.3) 21 (63.6) 0.80 

Blonde 6 0 (0.0) 5 (83.3) 1 (16.7) 0.58 

Charolais 96 0 (0.0) 19 (19.8) 77 (80.2) 0.90 

Hereford 32 0 (0.0) 0 (0.0) 32 (100.0) 1.00 

Limousin 32 0 (0.0) 4 (12.5) 28 (87.5) 0.94 

Simmental 13 0 (0.0) 0 (0.0) 13 (100.0) 1.00 

Crossbred 6 0 (0.0) 2 (33.3) 4 (66.7) 0.83 

 

 

 

 

 

 

 



Because the Charolais group of animals included a reasonable number of individuals of KA 

and AA genotypes, the analysis of DGAT1 effects was limited to this breed. The KA 

genotype was associated with higher marbling score, with a least squares mean of 2.20±0.10 

as compared to 1.95±0.05 for the AA genotype (P<0.05). This result does not support a 

recessive inheritance of marbling, as suggested by Thaller et al. (2003), although both 

studies indicate a positive effect of the K allele on marbling.  

 

There was no significant effect of DGAT1 on shear force within the Charolais breed. This is 

in accordance with Fortes et al. (2009), who did not observe any association between 

DGAT1 K232A and shear force in beef. In sheep however, Xu et al. (2009) found a 

polymorphism in exon 17 of DGAT1, associated with intramuscular fat-mediated tenderness. 

We found no correlation between marbling score and peak force across all breeds (r = 0.09; 

P = 0.201).  

 

This study is a part of a larger study on genetic aspects on tenderness, marbling and meat 

colour stability in meat from Swedish beef cattle. More sophisticated measures of marbling 

will be used in subsequent analyses.  

 

Conclusion  
The study indicates a positive effect of the K allele of DGAT1 K232A on marbling in 

Swedish Charolais, but with no effect on shear force.  
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