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Abstract
The improvement of milk production of indigenous Sudanese cattle such as Bos indicus Butana and its cross with Holstein is 
a major goal of the Sudanese government to ensure sufficient healthy nutrition in the country. In this study, we investigated 
the K232A polymorphism of diacylglycerol acyltransferase (DGAT1), a well-known modulator of milk production in other 
breeds. We determined allele frequencies and the allele effects on milk production. Therefore, 93 purebred Butana and 203 
Butana × Holstein crossbred cattle were genotyped using competitive allele-specific PCR assays. Association analysis was 
performed using a linear mixed model in R. In purebred Butana cattle, the lysine DGAT1 protein variant K232, which is 
found to be associated with higher fat and protein contents, as well as higher fat yield was highly frequent at 0.929, while 
its frequency in Butana × Holstein crossbred cattle was 0.394. Significant effects were found on milk yield (P = 7.6 ×  10−20), 
fat yield (P = 2.2 ×  10−17), protein yield (P = 2.0 ×  10−19) and lactose yield (P = 4.0 ×  10−18) in crossbred cattle. As expected, 
the protein variant K232 was disadvantageous since it was decreasing milk, protein, and lactose yields by 1.741 kg, 0.063 kg 
and 0.084 kg, respectively. No significant effects were found for milk fat, protein, and lactose contents. The high frequency 
of the lysine DGAT1 protein variant K232 in Butana cattle could contribute to their high milk fat content in combination 
with low milk yield. In Butana × Holstein crossbred cattle, the DGAT1 marker can be used for effective selection and thus 
genetic improvement of milk production.
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Introduction

The improvement of milk production is a major goal of the 
Sudanese government to ensure sufficient and healthy nutri-
tion and to meet the increasing demand for milk and dairy 
products in Sudan. One of the indigenous breeds in Sudan 
is the Bos indicus Zebu breed Butana which is known for its 
good milk yield and adaption to the extreme environmental 
conditions. To increase the productivity of Butana cattle, 
they are crossed with the high-yielding dairy breed Hol-
stein–Friesian. Moreover, the productivity of Butana as well 

as Butana × Holstein cattle could be improved by developing 
sustainable management systems, breeding programs, and 
also genetic selection for higher milk yield.

The DGAT1 (diacylglycerol acyltransferase) gene is 
located on bovine chromosome 14. The gene affects milk 
production traits in a wide-range of cattle breeds. Especially, 
the non-synonymous mutation K232A in exon 8 of DGAT1 
which causes an amino acid change from lysine to alanine 
has a strong effect on milk yield and composition (Grisart 
et al., 2002; Spelman et al., 2002; Winter et al., 2002). The 
lysine DGAT1 protein variant K232 was found to be associ-
ated with higher fat and protein contents, as well as higher 
fat yield, but lower milk and protein yields (Bobbo et al., 
2018; Bovenhuis et al., 2016; Li et al., 2021; Grisart et al., 
2002; Spelman et al., 2002). Because of the strong negative 
relationship between lactose and fat content in milk across 
species (Fox, 2009), it is assumed that the lysine variant 
K232 also decreases lactose content. The frequency of the 
lysine variant K232 is high in Bos indicus cattle ranging 
from 0.80 to 1 (Abu Sara et al., 2015; Rahamattalla et al., 
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