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Polymorphisms on Milk Fatty Acid Composition  
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Abstract  This study examined the genotype distribution of the stearoyl-coenzyme A 
desaturase (SCD) and fatty acid synthase (FASN) gene loci and their association with 
milk fatty acid composition in Holstein cows. The SCD and FASN gene loci genotype 
distribution was found in Hardy-Weinberg Equilibrium. The SCD gene locus showed a 
genotype distribution of 122, 28, and 20 bp (TT), 122, 75, 47, 28, and 20 bp (TC), and 
75, 47, 28, and 20 bp (CC) with frequencies of 0.21, 0.44, and 0.35, respectively. 
Meanwhile, T and C allele frequencies were 0.43 and 0.57, respectively. For the FASN 
gene locus, the frequencies of genotypes 273, 217, 167, and 101 bp (AA), 440, 273, 217, 
167, and 101 bp (AG), and 440, 217, and 101 bp (GG) were 0.15, 0.35, and 0.50, 
respectively, with allele frequencies of 0.33 for A and 0.67 for G. Significant relationships 
were observed between the SCD gene polymorphism and the fatty acids C4:0, C11:0, 
C18:1 trans6, C18:3n3, and C20:2, with the highest averages recorded in the TT and TC 
genotypes. The FASN gene polymorphism was associated with saturated fatty acid, 
monounsaturated fatty acid, and polyunsaturated fatty acid, notably C14:0, C18:1 trans9, 
C18 trans11, C24:1 n9, C18:2n6, C18:3n3, and C22:6 n3, with prominent prevalence in 
the AA, GG, and AG genotypes. These findings underscore the potential significance of 
these gene polymorphisms in influencing fatty acid profiles, and they might be potential 
markers for modifying fatty acid composition. 
  
Keywords  fatty acid, stearoyl-coenzyme A desaturase (SCD), fatty acid synthase (FASN), 
milk, polymorphism 

Introduction 

Milk fatty acids act a part significant role in nutrition, contributing to a well-rounded 

and balanced diet. They provide a valuable source of energy and serve as carriers for 

fat-soluble vitamins, essential fatty acids, and another significant nutrients (Ahsani et 

al., 2022; Bayraktar and Shoshin, 2021; Samková et al., 2021). Milk fatty acids in dairy 

cattle can be categorized into several groups stand on their chemical structure and    
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characteristics. Saturated fatty acids (SFAs) are fatty acids without any double bonds in their carbon chain and are mostly 

solid at room temperature. Monounsaturated fatty acids (MUFAs) have one double bond in their carbon chain and are 

typically liquid at room temperature (Dujková et al., 2015; Houaga et al., 2018; Shingfield et al., 2013). Polyunsaturated fatty 

acids (PUFAs) have two or more double bonds in their carbon chain and are essential fatty acids, meaning they cannot be 

synthesized by the body and must be obtained from the diet. Trans fatty acids are unsaturated fatty acids that have a specific 

configuration of double bonds and can occur naturally in small amounts in ruminant-derived foods like milk, but artificial 

trans fats created through industrial processes have been associated with negative health effects (Deckelbaum and Torrejon, 

2012; Jenkins and McGuire, 2006; Shahidi and Ambigaipalan, 2018; Xiong et al., 2022). The genetic structure of cattle, 

including gene polymorphisms, can influence the fatty acid composition of their milk. Polymorphisms in genes related to 

lipid metabolism, such as stearoyl-coenzyme A desaturase (SCD) and fatty acid synthase (FASN), can impact the profile of 

fatty acids in milk. These gene polymorphisms can result in variations in the levels of specific fatty acids, altering the 

nutritional and functional properties of the milk (Bayraktar, 2022; Bayraktar and Özcan, 2023; Macciotta et al., 2008; Mele et 

al., 2007; Rincon et al., 2012). 

The SCD gene encodes an enzyme that plays a critical role in fatty acid synthesis, converting SFAs to MUFAs. In cattle, 

this gene is vital for the regulation of fat composition in meat and milk, impacting livestock quality and yield. The primary 

function of SCD is the synthesis of cis-9, trans-11 conjugated linoleic acid and oleic acid (Alim et al., 2012; Bayraktar and 

Özcan, 2023; Cecchinato et al., 2012; Inostroza et al., 2013; Li et al., 2020). These fatty acids have several implications for 

human health and provide to the nutritional quality and stability of meat and dairy products. Variations in the SCD gene 

impact the fatty acid composition in cattle, affecting the quality of meat and milk produced. Bovine SCD gene is found on 

BTA26 chromosome. The bovine SCD gene is approximately 8.9 kb in length, consisting of six exons and five introns (Conte 

et al., 2010; Kgwatalala et al., 2009; Milanesi et al., 2008; Soltani-Ghombavani et al., 2016; Taniguchi et al., 2004). The 

FASN gene plays an essential role the synthesis of fatty acids in cattle. It encodes an enzyme that is a multi-domain protein 

involved in fatty acid biosynthesis, specifically in the conversion of acetyl-CoA and malonyl-CoA into palmitic acid (C16:0), 

a long-chain fatty acid (Morris et al., 2007; Roy et al., 2005; Zhang et al., 2008). This fatty acid is further elongated and 

desaturated to produce various kinds of fatty acids required for the growth, maintenance, and reproduction of cattle. The 

primary function of the FASN gene in cattle is to regulate the synthesis of fatty acids, which impacts milk production, fat 

deposition, and fatty acid profiles (Kumar et al., 2017; Mauric et al., 2019; Miluchová et al., 2023). FASN also influences 

meat and carcass fatness quality traits, essential factors for beef cattle breeding programs. Variations in the FASN gene may 

affect the meat and milk quality, production efficiency, and overall livestock yield. The bovine FASN gene is located on 

BTA19 chromosome. The bovine FASN gene spans approximately 44-45 kb in length, consisting of 42 exons and 41 introns 

(Li et al., 2012; Matsuhashi et al., 2011; Roy et al., 2001; Roy et al., 2006).  

The objective of this study is to assess the impact of SCD and FASN gene polymorphisms on milk production and the 

composition of fatty acids in Holstein cows. 

 

Materials and Methods 

Animals 
A sum of 100 cows were used from the Research and Applications Farm of Cukurova University Adana, Turkey. The cows 

in this study were provided with a total mix ration (TMR) as their feed, which had a concentrated feed-to-forage ratio of 
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60:40. The TMR formulation comprised of various ingredients, including corn silage, alfalfa, wheat straw, and a concentrate 

with a crude protein content of 19% and a metabolizable energy value of 2,700 kcal/kg. 

 

Milk samples 
Cows in their second and third lactation to collect raw milk samples. The specimens were specifically assembled during the 

forenoon milking from cows at a specific stage of lactation, between 70 and 80 days in milk. To preserve the milk for 

subsequent fatty acid analysis, a portion of each raw milk sample (150 mL) was frozen at a temperature of –80℃ and stored 

until further analysis. 

 

Milk lipid analysis 
The lipid analysis was conducted following a modified version of the method developed by Bligh and Dyer (1959). A total 

of 15 g of the sample was mixed with 120 mL of a methanol/chloroform solution (1:2 v/v) using a T25 Ultraturrax (Ika-

Werke, Staufen, Germany) for 2 min. Next, 20 mL of a 0.4% CaCl2 solution was added to the mixture. The homogenate was 

filtered through a Whatman filter paper (Schleicher & Schuell, Dassel, Germany; 5951/2 185 mm), and the filtrate was 

transferred to a separatory funnel for phase separation. The chloroform-lipid fraction was collected and transferred to a rotary 

evaporator for evaporation under vacuum. The flasks containing the lipid extracts were then placed in an oven at 90℃ for 1 

hour, followed by cooling in a desiccator. Finally, the vials containing the lipid extracts were weighed using a precision 

balance with an accuracy of 0.1 mg. 

 

Fatty acids analysis 
The fatty acid methyl esters (FAMEs) of the extracted lipid were prepared following the method described by Ichihara et 

al. (1996). For this, 25 mg of the extracted oil sample was combined with 4 mL of 2M KOH and 2 mL of n-heptane. The 

mixture was then vortexed for 2 min at room temperature to ensure thorough mixing. Subsequently, the mixture was 

centrifuged at 1,930×g for 10 min, and the upper heptane layer was carefully picked up for further analysis using gas 

chromatography (GC). 

 

Gas chromatography analysis 
The configuration of fatty acids was analyzed using a GC Clarus 500 device from Perkin-Elmer (Waltham, MA, USA). The 

analysis employed a flame ionization detector and an SGE column (60 m×0.32 mm ID BP×70×0.25 μm) from either the USA 

or Australia. The identification of fatty acids was accomplished by comparing the retention times of the FAMEs from Supelco 

(Bellefonte, PA, USA; Catalogue No: 18919) with a standard 37-component FAME mixture. To ensure accuracy, three 

replicates of the GC analysis were performed, and the results were expressed as the mean±SE in terms of GC area %. 

 

The procedures for isolating DNA and performing polymerase chain reaction 
Blood specimens were obtained from the vena jugularis for DNA analysis. Genomic DNA was extracted from the whole 

blood using a modified salting-out process based on the method identified by Miller et al. (1988). The primer sequences used 

in this study were designed by Inostroza et al. (2013). The primer sequences for the SCD gene locus were 5'-ACCTG 

GCTGGTGAATAGTGCT-3' and 5'-TCTGGCACGTAACCTAATACCCT-3'. The PCR product length was 170 bp. The 
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restriction enzyme used was SatI. After digestion, the genotype patterns were obtained as 122, 28, and 20 bp (TT); 122, 75, 

47, 28, and 20 bp (TC); and 75, 47, 28, and 20 bp (CC). The PCR conditions included an initial denaturation at 95℃ for 5 

min, followed by 30 cycles of denaturation at 95℃ for 20 s, annealing at 61℃ for 20 s, and extension at 72℃ for 30 s. A 

final extension was performed at 72℃ for 10 min. The mutation was located at the 5th exon, with a nucleotide change of 

878T>C. The primer sequences for the FASN gene locus were 5'-TGCTGTCCATGCGGGAAATC-3' and 5'-TGAGCACAT 

CTCGAAAGCCA-3'. The PCR product length was 758 bp. The restriction enzyme used was MscI. After digestion, the 

genotype patterns were obtained as 273, 217, 167, and 101 bp (AA); 440, 273, 217, 167, and 101 bp (AG); and 440, 217, and 

101 bp (GG). The PCR conditions included an initial denaturation at 95℃ for 5 min, followed by 30 cycles of denaturation at 

95℃ for 20 s, annealing at 58℃ for 20 s, and extension at 72℃ for 30 s. A final extension was performed at 72℃ for 10 min. 

The mutation was located at the 38th exon, with a nucleotide change of g.17924A>G. A reaction volume of 20 μL was 

prepared for PCR amplification. Included were 5 μL of DNA template, 5 μL of 2X Dream Taq Green PCR Master Mix, 0.30 

μL of each primer, and 9.4 μL of distilled water. 

 

Genotyping analysis 
The PCR products were subjected to digestion using a fast-digest enzyme (Thermo Fisher Scientific, Waltham, MA, USA). 

The digestion reaction mixture consisted of 5 μL of PCR product, 8.5 μL of distilled water, 1 μL of 10X buffer, and 0.5 μL of 

the restriction enzyme, resulting in a total volume of 15 μL. The digestion products were then separated on a 3% agarose gel 

using an electrophoresis system. The gel was run at 85 V for 50 min in 0.5X TBE buffer. To visualize the DNA bands, the gel 

was stained with ethidium bromide. The gel was examined under ultraviolet lights to observe and analyze the resulting DNA 

fragments. 

 

Statistical analysis 
To analyze the genetic data, the software program POPGENE (version 1.32) was utilized. This software was employed to 

calculate genotype frequencies, allele frequencies, and conduct a χ2 test to assess the Hardy-Weinberg equilibrium at the gene 

locus. For the statistical analysis of the association between individual genotypes and milk production, as well as milk fatty 

acid components, Minitab 19 software was employed. The data obtained from the analysis were presented as “mean±SE” to 

provide a comprehensive representation of the results. To determine the association, the general linear model was applied 

using a specific statistical model as outlined below. This model was chosen to assess the relationship between genotypes and 

the studied variables. Tukey multiple range test was tested for mean differences among subclasses. 

 Yijk = μ + αi + βj +γk + Єijk   (1) 
 

Yijk: phenotypic value; μ: overall means; αi: effect of genotypes; βj: effect of parity (two and three); γk: year and season of 

the first calving; Єij: random errors. 

 

Results and Discussion 

Allele and genotype frequency of stearoyl-coenzyme A desaturase gene 
The genotype frequencies observed for the SCD gene were as follows: TT (0.21), TC (0.44), and CC (0.35; Table 1 and 
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Fig. 1). The corresponding allele frequencies were T (0.43) and C (0.57). The χ² test for hardy-weinberg equilibrium showed 

a value of 1.048 with a p-value of 0.547, indicating that the genotype distribution of the SCD locus is in agreement with 

hardy-weinberg equilibrium expectations. 

 

Table 1. Genotype and allele frequencies of the SCD and FASN locus

Gene locus Genotype frequency Allele frequency χ² p-value 

SCD TT (0.21) 
TC (0.44) 
CC (0.35) 

T (0.43) 
C (0.57) 

1.048 0.547 

FASN AA (0.15) 
AG (0.35) 
GG (0.50) 

A (0.33) 
G (0.67) 

4.092 0.384 

SCD, stearoyl-coenzyme A desaturase; FASN, fatty acid synthase; χ², chi-square; TT, 122, 28, and 20 bp; TC, 122, 75, 47, 28, and 20 bp; CC, 75, 
47, 28, and 20 bp; AA, 273, 217, 167, and 101 bp; AG, 440, 273, 217, 167, and 101 bp; GG, 440, 217, and 101 bp. 

 
Fig. 1. PCR-RFLP results of genotyping patterns of the SCD gene. TT, 122, 28, and 20 bp; TC, 122, 75, 47, 28, and 20 bp; CC, 75, 47, 28,
and 20 bp; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism; SCD, stearoyl-coenzyme A desaturase. 
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Allele and genotype frequency of fatty acid synthase gene 
For the FASN gene, the genotype frequencies were AA (0.15), AG (0.35), and GG (0.50). The allele frequencies were A 

(0.33) and G (0.67; Fig. 2). The χ² test for hardy-weinberg equilibrium showed a value of 4.092 with a p-value of 0.384, 

suggesting that the FASN locus also conformed to hardy-weinberg equilibrium. 

 

Association between stearoyl-coenzyme A desaturase polymorphism and fatty acid 
About SFA, the fatty acid composition of C4:0, and C11:0 showed significant associations with the SCD gene polymorphism. 

In the case of C4:0, the highest average was registered in the TT genotype (3.2701±0.023; p=0.023; Table 2). Similarly, for 

C11:0, the highest average was observed in the TC genotype (0.35267±0.0065; p=0.047). For MUFA, specifically C18:1 

trans6, the TT genotype exhibited the highest average (0.37547±0.006; p=0.043). For PUFA, C18:3n3 displayed a significant 

association with the TT genotype showing the highest average (0.4738±0.015; p=0.029). For C20:2, the highest average was 

also found in the TT genotype (0.14546±0.0058; p=0.044). 

 

Association between fatty acid synthase polymorphism and fatty acid 
The fatty acid composition is significantly associated with the FASN gene polymorphism in the context of certain fatty 

acid types (p<0.05; Table 3). For the SFA, the C14:0 showed significant associations with the FASN gene polymorphism, 

specifically having the highest average in the genotype AA (14.034±0.15; p=0.022). In the context of MUFA, C18:1 trans9, 

C18:1 trans11, and C24:1 n9 showed significant associations with the FASN gene polymorphism. For C18:1 trans9, the 

genotype AA had the highest average (0.22849±0.0079; p=0.028). For C18:1 trans11, the highest average was found in 

genotype GG (1.4737±0.012; p=0.030). As for C24:1 n9 the highest average was reported for the genotype AG (1.2564± 

0.036; p=0.002). As for the PUFA, C18:2n6, C18:3n3, and C22:6 n3 showed significant associations with the FASN gene 

polymorphism. The fatty acid C18:2n6 showed the highest average in genotype AA (0.4475±0.027; p=0.034). For C18:3n3, 

the highest average was found in genotype AA (0.4653±0.017; p=0.013), and for C22:6 n3, the highest average was seen in 

 

Fig. 2. PCR-RFLP results of genotyping patterns of the FASN gene. AA, 273, 217, 167, and 101 bp; AG, 440, 273, 217, 167, and 101 bp; GG, 
440, 217, and 101 bp; PCR, polymerase chain reaction; RFLP, restriction fragment length polymorphism; FASN, fatty acid synthase. 
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genotype AA (0.21220±0.0093; p=0.004). 

The present study analyzed the genotype distribution of the SCD and FASN gene loci and their association with milk fatty 

acid composition in Holstein cows. The genotype distribution of both gene loci was found to be in Hardy-Weinberg 

Equilibrium, indicating no deviations from expected frequencies based on random mating. These findings provide a solid 

foundation for further analysis of the genetic variations and their relationships with milk fatty acid profiles in Holstein cattle. 

Regarding the SCD gene locus, our results revealed two different alleles C and T with frequency 0.57 and 0.43 respectively. 

The genotypes frequency were 0.35 (CC), 0.44 (TC) and 0.21 (TT). These findings are consistent with previous studies by 

Bayraktar and Özcan (2023) and Safina et al. (2020), which also reported similar genotype distributions in Holstein cattle. 

Furthermore, our study demonstrated significant relationships between the SCD gene polymorphism and specific fatty acid  

Table 2. Association between SCD gene polymorphism and fatty acid composition

Fatty acid SCD genotype p-value 

TT TC CC 

SFA 

C4:0  3.2701±0.023a  3.2745±0.017b  3.2238±0.023a 0.023*

C6:0  2.3890±0.043  2.3700±0.032  2.4009±0.042 0.863 

C8:0  1.0364±0.012 1.02032±0.0094  1.0069±0.012 0.212 

C10:0 2.15187±0.0089 2.13603±0.0067 2.14820±0.0089 0.390 

C11:0 0.32495±0.0087b 0.35267±0.0065a 0.33043±0.0087a 0.047* 

C12:0  3.3082±0.0631  3.2764±0.047  3.2129±0.063 0.506 

C13:0  0.1781±0.0170  0.1850±0.012  0.1810±0.017 0.945 

C14:0  13.872±0.135  13.838±0.10  14.105±0.13 0.276 

MUFA 

C14:1  1.2162±0.010 1.21199±0.0080  1.2407±0.010 0.102 

C18:1 trans6 0.37547±0.006a 0.37246±0.0049a 0.35668±0.0065b 0.043* 

C18:1 trans9 0.22722±0.007 0.21792±0.0054 0.21898±0.0072 0.572 

C18:1 trans10 0.35761±0.0087 0.36255±0.0065 0.35948±0.0087 0.913 

C18:1 trans11  1.4727±0.013  1.4611±0.010  1.4555±0.013 0.614 

C18:1 cis9  19.304±0.17  19.522±0.13  19.344±0.17 0.627 

C24:1 n9  1.1650±0.043  1.2445±0.032  1.2266±0.043 0.348 

PUFA 

C18:2n6  0.4239±0.025  0.4587±0.019  0.4110±0.025 0.356 

C18:3n6  3.3866±0.029  3.4101±0.021  3.4671±0.028 0.104 

C18:3n3  0.4738±0.015a  0.4498±0.011a  0.4173±0.015a 0.029* 

C20:2 0.14546±0.0058a 0.14218±0.0044a 0.12884±0.0058b 0.044* 

C20:5n3 0.38744±0.0068 0.39998±0.0051 0.39077±0.0068 0.371 

C22:6 n3 0.19977±0.0084 0.18023±0.0062 0.21159±0.0083 0.542 
a,b Different superscript letters within the same row mean significantly different between genotype (p<0.05). 
* p<0.05. 
SCD, stearoyl-coenzyme A desaturase; TT, 122, 28, and 20 bp; TC, 122, 75, 47, 28, and 20 bp; CC, 75, 47, 28, and 20 bp; SFA, saturated fatty 
acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. 
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profiles, including C4:0, C11:0, C18:1 trans6, C18:3n3, and C20:2. The TT and TC genotypes exhibited the highest averages 

for these fatty acids. These results align with the observations made by Inostroza et al. (2013) and Li et al. (2020), who 

reported associations between SCD gene polymorphism and altered fatty acid composition in milk. In the case of the FASN 

gene locus, our study identified three genotypes: AA, AG, and GG, with frequencies of 0.15, 0.35, and 0.50, respectively. 

The allele frequencies for A and G were 0.33 and 0.67, respectively. These findings are comparable to the studies conducted 

by Mauric et al. (2019) and Miluchová et al. (2023), which reported similar genotype distributions in different cattle 

populations. We found significant associations between FASN gene polymorphism and several fatty acid profiles, including 

SFAs, MUFAs, and PUFAs. Notably, fatty acids such as C14:0, C18:1 trans9, C18 trans11, C24:1 n9, C18:2n6, C18:3n3, and 

C22:6 n3 exhibited prominent prevalence in the AA, GG, and AG genotypes. These findings align with the observations 

Table 3. Association between FASN gene polymorphism and fatty acid composition

Fatty acid FASN genotype p-value 

AA AG GG 

SFA 

C4:0  3.2351±0.025  3.2915±0.019  3.2415±0.022 0.220 

C6:0  2.3977±0.047  2.3311±0.036  2.4345±0.040 0.208 

C8:0  1.0073±0.013  1.0263±0.010  1.0272±0.011 0.457 

C10:0 2.15315±0.0099 2.13910±0.0075 2.14489±0.0084 0.606 

C11:0 0.32278±0.0095 0.34847±0.0072 0.33532±0.0081 0.177 

C12:0  3.2837±0.069  3.2842±0.052  3.2192±0.058 0.632 

C13:0  0.1737±0.019  0.1801±0.014  0.1893±0.016 0.780 

C14:0  14.034±0.15b  13.762±0.11a  14.022±0.12a 0.022* 

MUFA 

C14:1  1.2274±0.012 1.21490±0.0091  1.2263±0.010 0.693 

C18:1 trans6 0.36629±0.0073 0.37404±0.0055 0.36428±0.0062 0.541 

C18:1 trans9 0.22849±0.0079ab 0.21516±0.0060a 0.22188±0.0067b 0.028* 

C18:1 trans10 0.36345±0.0097 0.35605±0.0074 0.36088±0.0083 0.860 

C18:1 trans11  1.4424±0.015b  1.4729±0.011a  1.4737±0.012a 0.030* 

C18:1 cis9  19.175±0.20  19.545±0.15  19.444±0.17 0.398 

C24:1 n9  1.1290±0.047a  1.2564±0.036ab  1.2450±0.040a 0.002* 

PUFA  

C18:2n6  0.4475±0.027a  0.4343±0.020b  0.4169±0.023a 0.034 

C18:3n6  3.4448±0.032  3.4094±0.024  3.4132±0.027 0.673 

C18:3n3  0.4653±0.017a  0.4575±0.013b  0.4187±0.015ab 0.013 

C20:2 0.13425±0.0065 0.14402±0.0050 0.13840±0.0056 0.576 

C20:5n3 0.38624±0.0073 0.40196±0.0056 0.38854±0.0062 0.249 

C22:6 n3 0.21220±0.0093a 0.18202±0.0071a 0.19776±0.0080b 0.004* 
a,b Different superscript letters within the same row mean significantly different between genotype (p<0.05). 
* p<0.05. 
FASN, fatty acid synthase; AA, 273, 217, 167, and 101 bp; AG, 440, 273, 217, 167, and 101 bp; GG, 440, 217, and 101 bp; SFA, saturated fatty 
acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. 
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made by Inostroza et al. (2013) and Kumar et al. (2017), who reported associations between FASN gene polymorphism and 

altered milk fatty acid composition. Comparisons with previous studies strengthen the significance of our findings and 

provide a broader context for understanding the genetic influences on milk fatty acid composition. Several studies, including 

Bayraktar and Özcan (2023), Macciotta et al. (2008), and Mele et al. (2007), have reported associations between SCD gene 

polymorphism and milk production traits. Our study further contributes to this knowledge by demonstrating associations 

between specific SCD genotypes and altered fatty acid profiles. Similarly, previous studies such as Houaga et al. (2018), 

Rincon et al. (2012), and Roy et al. (2006) have highlighted the influence of SCD gene polymorphism on milk fat composition, 

supporting our findings. In the case of the FASN gene, studies by Inostroza et al. (2013) and Mauric et al. (2019) have 

reported associations between FASN gene polymorphism and altered milk fatty acid content. Our findings align with these 

studies, further emphasizing the role of FASN gene polymorphism in shaping milk fatty acid profiles. Moreover, Miluchová 

et al. (2023) identified an association between FASN gene polymorphism and milk produce and composition, which 

complements our observations. Our study provides valuable insights into the associations between SCD and FASN gene 

polymorphisms and milk fatty acid composition in Holstein cows. The findings support previous studies and reinforce the 

potential role of these gene polymorphisms as markers for modifying fatty acid composition. Understanding the genetic 

influences on milk fatty acid profiles can inform breeding strategies to improve milk quality and develop dairy products with 

specific nutritional attributes. Further research is warranted to explore additional genetic markers and their interactions in 

order to enhance our understanding of the genetic regulation of milk fatty acid composition. 

 

Conclusion 

In this practice, we investigated the allele and genotype frequencies of the SCD and FASN genes and their associations 

with fatty acid composition. These findings suggest that the genetic variations in the SCD and FASN genes are associated 

with milk fatty acid compositions in our study population. Understanding these associations can provide insights into the 

genetic mechanisms underlying fatty acid metabolism and may have implications for nutritional and health-related aspects. 

Further research is warranted to validate these findings in larger and more diverse populations and to explore the functional 

implications of these genetic associations. 

 

Conflicts of Interest 

The author declares no potential conflicts of interest. 

 

Author Contributions 

The article is prepared by a single author. 

 

Ethics Approval 

The study protocol was approved by the Animal Ethics Committee at Cukurova University, Turkey, and the experimental 

procedures were performed in accordance with the internationally accepted standard ethical guidelines for animal use and 

care. 



SCD and FASN Gene Polymorphisms on Milk Fatty Acid Composition 

1087 

References 

Ahsani MR, Mohammadabadi MR, Buchkovska V, Ievstafiieva Y, Kucher DM, Kochuk‐Yashchenko OA, Babenko OI, 

Stavetska RV, Oleshko VP, Kalashnyk O. 2022. Association of stearoyl‐CoA desaturase expression with cattle milk 

characteristics. Iran J Appl Anim Sci 12:271-279. 

Alim MA, Fan YP, Wu XP, Xie Y, Zhang Y, Zhang SL, Sun DX, Zhang Y, Zhang Q, Liu L. 2012. Genetic effects of 

stearoyl-coenzyme A desaturase (SCD) polymorphism on milk production traits in the Chinese dairy population. Mol 

Biol Rep 39:8733-8740. 

Bayraktar M. 2022. Molecular characterization of Kappa-casein and β-lactoglobulin genes in Anatolian Black cattle and 

Holstein breeds. Arq Bras Med Vet Zootec 74:133-140. 

Bayraktar M, Özcan BD. 2023. Association between stearoyl CoA desaturase (SCD) gene polymorphisms and milk 

production in Holstein cattle breed. Turk J Agric Food Sci Technol 11:799-802. 

Bayraktar M, Shoshin O. 2021. Determination effects of SLC27A3 and β-lactoglobulin gene polymorphisms on the milk 

composition in Hamdani sheep. Appl Ecol Environ Res 19:3293-3302. 

Bligh EG, Dyer WJ. 1959. A rapid method of total lipid extraction and purification. Can J Biochem Physiol 37:911-917. 

Cecchinato A, Ribeca C, Maurmayr A, Penasa M, De Marchi M, Macciotta NPP, Mele M, Secchiari P, Pagnacco G, Bittante 

G. 2012. Short communication: Effects of β-lactoglobulin, stearoyl-coenzyme A desaturase 1, and sterol regulatory 

element binding protein gene allelic variants on milk production, composition, acidity, and coagulation properties of 

Brown Swiss cows. J Dairy Sci 95:450-454. 

Conte G, Mele M, Chessa S, Castiglioni B, Serra A, Pagnacco G, Secchiari P. 2010. Diacylglycerol acyltransferase 1, stearoyl-

CoA desaturase 1, and sterol regulatory element binding protein 1 gene polymorphisms and milk fatty acid composition in 

Italian Brown cattle. J Dairy Sci 93:753-763. 

Deckelbaum RJ, Torrejon C. 2012. The omega-3 fatty acid nutritional landscape: Health benefits and sources. J Nutr 142: 

587S-591S. 

Dujková R, Ranganathan Y, Dufek A, Macák J, Bezdíček J. 2015. Polymorphic effects of FABP4 and SCD genes on 

intramuscular fatty acid profiles in longissimus muscle from two cattle breeds. Acta Vet Brno 84:327-336. 

Houaga I, Muigai AWT, Ng’ang’a FM, Ibeagha-Awemu EM, Kyallo M, Youssao IAK, Stomeo F. 2018. Milk fatty acid 

variability and association with polymorphisms in SCD1 and DGAT1 genes in White Fulani and Borgou cattle breeds. 

Mol Biol Rep 45:1849-1862. 

Ichihara K, Shibahara A, Yamamoto K, Nakayama T. 1996. An improved method for rapid analysis of the fatty acids of 

glycerolipids. Lipids 31:535-539. 

Inostroza KB, Scheuermann ES, Sepúlveda NA. 2013. Stearoyl CoA desaturase and fatty acid synthase gene polymorphisms 

and milk fatty acid composition in Chilean Black Friesian cows. Rev Colomb Cienc Pec 26:263-269. 

Jenkins TC, McGuire MA. 2006. Major advances in nutrition: Impact on milk composition. J Dairy Sci 89:1302-1310. 

Kgwatalala PM, Ibeagha-Awemu EM, Mustafa AF, Zhao X. 2009. Influence of stearoyl-coenzyme A desaturase 1 genotype 

and stage of lactation on fatty acid composition of Canadian Jersey cows. J Dairy Sci 92:1220-1228. 

Kumar M, Vohra V, Ratwan P, Chopra A, Chakaravarty AK. 2017. Influence of FASN gene polymorphism on milk 

production and its composition traits in Murrah buffaloes. Indian J Anim Res 51:640-643. 

Li C, Aldai N, Vinsky M, Dugan MER, McAllister TA. 2012. Association analyses of single nucleotide polymorphisms in 



Food Science of Animal Resources  Vol. 45, No. 4, 2025 

1088 

bovine stearoyl‐CoA desaturase and fatty acid synthase genes with fatty acid composition in commercial cross‐bred beef 

steers. Anim Genet 43:93-97. 

Li Y, Zhou H, Cheng L, Zhao J, Hickford J. 2020. Variation in the stearoyl-CoA desaturase gene (SCD) and its influence on 

milk fatty acid composition in late-lactation dairy cattle grazed on pasture. Arch Anim Breed 63:355-366. 

Macciotta NPP, Mele M, Conte G, Serra A, Cassandro M, Zotto RD, Borlino AC, Pagnacco G, Secchiari P. 2008. 

Association between a polymorphism at the stearoyl CoA desaturase locus and milk production traits in Italian Holsteins. 

J Dairy Sci 91:3184-3189. 

Matsuhashi T, Maruyama S, Uemoto Y, Kobayashi N, Mannen H, Abe T, Sakaguchi S, Kobayashi E. 2011. Effects of bovine 

fatty acid synthase, stearoyl-coenzyme A desaturase, sterol regulatory element-binding protein 1, and growth hormone 

gene polymorphisms on fatty acid composition and carcass traits in Japanese Black cattle. J Anim Sci 89:12-22. 

Mauric M, Masek T, Ljoljic DB, Grbavac J, Starcevic K. 2019. Effects of different variants of the FASN gene on production 

performance and milk fatty acid composition in Holstein × Simmental dairy cows. Vet Med 64:101-108. 

Mele M, Conte G, Castiglioni B, Chessa S, Macciotta NPP, Serra A, Buccioni A, Pagnacco G, Secchiari P. 2007. Stearoyl-

coenzyme A desaturase gene polymorphism and milk fatty acid composition in Italian Holsteins. J Dairy Sci 90:4458-

4465. 

Milanesi E, Nicoloso L, Crepaldi P. 2008. Stearoyl CoA desaturase (SCD) gene polymorphisms in Italian cattle breeds. J 

Anim Breed Genet 125:63-67. 

Miller SA, Dykes DD, Polesky HF. 1988. A simple salting out procedure for extracting DNA from human nucleated cells. 

Nucleic Acids Res 16:1215. 

Miluchová M, Gábor M, Candrák J, Šťastná D, Gašper J. 2023. Association study between g. 16024A> G polymorphism of 

the FASN gene and milk production of Holstein cattle. J Cent Eur Agric 24:25-31. 

Morris CA, Cullen NG, Glass BC, Hyndman DL, Manley TR, Hickey SM, McEwan JC, Pitchford WS, Bottema CDK, Lee 

MAH. 2007. Fatty acid synthase effects on bovine adipose fat and milk fat. Mamm Genome 18:64-74. 

Rincon G, Trejo AI, Castillo AR, Bauman DE, German BJ, Medrano JF. 2012. Polymorphisms in genes in the SREBP1 

signalling pathway and SCD are associated with milk fatty acid composition in Holstein cattle. J Dairy Res 79:66-75. 

Roy R, Gautier M, Hayes H, Laurent P, Osta R, Zaragoza P, Eggen A, Rodellar C. 2001. Assignment of the fatty acid 

synthase (FASN) gene to bovine chromosome 19 (19q22) by in situ hybridization and confirmation by somatic cell 

hybrid mapping. Cytogenet Genome Res 93:141-142. 

Roy R, Ordovas L, Zaragoza P, Romero A, Moreno C, Altarriba J, Rodellar C. 2006. Association of polymorphisms in the 

bovine FASN gene with milk-fat content. Anim Genet 37:215-218. 

Roy R, Taourit S, Zaragoza P, Eggen A, Rodellar C. 2005. Genomic structure and alternative transcript of bovine fatty acid 

synthase gene (FASN): Comparative analysis of the FASN gene between monogastric and ruminant species. Cytogenet 

Genome Res 111:65-73. 

Safina NY, Shakirov SK, Ravilov RK, Sharafutdinov GS. 2020. Associations of the SCD1 gene SNP with fatty acids 

composition of Holstein cows. BIO Web Conf 27:00060. 

Samková E, Čítek J, Brzáková M, Hanuš O, Večerek L, Jozová E, Hoštičková I, Trávníček J, Hasoňová L, Rost M. 2021. 

Associations among farm, breed, lactation stage and parity, gene polymorphisms and the fatty acid profile of milk from 

Holstein, Simmental and their crosses. Animals 11:3284. 

Shahidi F, Ambigaipalan P. 2018. Omega-3 polyunsaturated fatty acids and their health benefits. Annu Rev Food Sci Technol 



SCD and FASN Gene Polymorphisms on Milk Fatty Acid Composition 

1089 

9:345-381. 

Shingfield KJ, Bonnet M, Scollan ND. 2013. Recent developments in altering the fatty acid composition of ruminant-derived 

foods. Animal 7:132-162. 

Soltani-Ghombavani M, Ansari-Mahyari S, Rostami M, Ghanbari-Baghenoei S, Edriss MA. 2016. Effect of polymorphisms 

in the ABCG2, LEPR and SCD1 genes on milk production traits in Holstein cows. S Afr J Anim Sci 46:196-203. 

Taniguchi M, Utsugi T, Oyama K, Mannen H, Kobayashi M, Tanabe Y, Ogino A, Tsuji S. 2004. Genotype of stearoyl-CoA 

desaturase is associated with fatty acid composition in Japanese Black cattle. Mamm Genome 15:142-148. 

Xiong RG, Zhou DD, Wu SX, Huang SY, Saimaiti A, Yang ZJ, Shang A, Zhao CN, Gan RY, Li HB. 2022. Health benefits 

and side effects of short-chain fatty acids. Foods 11:2863. 

Zhang S, Knight TJ, Reecy JM, Beitz DC. 2008. DNA polymorphisms in bovine fatty acid synthase are associated with beef 

fatty acid composition. Anim Genet 39:62-70. 

 


