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DESATURASE 1 (SCD1), AND FATTY ACID SYNTHASE (FASN) GENOTYPES 

AND THEIR ASSOCIATION WITH FAT PERCENTAGE AND MAJOR  
FATTY ACIDS IN COLOSTRUM AND MILK FROM HOLSTEIN × 

AUSTRALIAN FRIESIAN SAHIWAL COWS

Orville L. Bondoc*, Ana Rose Ramos, Aldrin O. Ebron, 
Katrina U. Aquino, and Lalaine S. Mendoza

ABSTRACT

This study analyzed the association of bovine lipogenic gene markers – 
diacylglycerol acyltransferase 1 (DGAT1), stearoyl-CoA desaturase 1 (SCD1), 
and fatty acid synthase (FASN), with fat percentage and major fatty acids 
(myristic acid C14:0, palmitic acid C16:0, oleic acid C18:1n-9, and linoleic 
acid C18:2n-6) in 180 colostrum and milk samples collected from 45 Holstein × 
Australian Friesian Sahiwal (AFS) cows in a local dairy farm in Bay, Laguna. 
Genotypes for DGAT1 (AK, KK), SCD1 (AA, AV, VV), and FASN (CT, TT) were 
determined through polymerase chain reaction-restricted fragment length 
polymorphism (PCR-RFLP) using DNA extracted from hair follicles. The 
AK genotype of DGAT1 gene was associated (P<0.05) with higher fat content 
in colostrum and higher C14:0 in milk than for the KK genotype. The AV 
genotype of SCD1 gene was associated (P<0.05) with the highest fat content and 
C18:1n-9 in colostrum and highest C16:0 and C18:0 in milk, compared to AA 
or VV genotypes. The CT genotype of the FASN gene was associated (P<0.05) 
with higher C14:0 in colostrum compared to CC genotype. This study showed 
polymorphisms in DGAT1, SCD1, and FASN genotypes and their significant 
associations with fat content and some major fatty acids in colostrum and milk.
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INTRODUCTION

Fat percentage and fatty acid (FA) composition are important measures of the 
nutritional quality of milk fats from dairy cows. These may not only be used to improve 
the manufacturing and processing of dairy products (Timlin et al. 2021) but also provide 
a better understanding of their possible effects on human cardiovascular health (Chen and 
Liu, 2020). 

While milk FAs may be affected by breed, stage of lactation, diet, and season, the 
genetic variation found in fat percentage and FA composition traits can be used for their 
improvement by selective breeding (Sanjayaranj et al., 2023). However, the high costs of FA 
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analyses can limit their application in traditional selection programs. Many researchers have 
thus investigated the influence of lipogenic genes and their use in marker assisted selection 
(MAS) programs, where gene markers may improve the accuracy of selection for superior 
breeding stock for milk production (Mahmoudi and Rashidi, 2023).

Examples of lipogenic genes coding for key enzymes of lipid metabolism in the 
mammary glands and found to affect bovine milk yield and composition, and FA composition 
include diacylglycerol acyltransferase 1 (DGAT1), stearoyl-CoA desaturase (SCD1), and 
fatty acid synthase (FASN).  DGAT1 is a key enzyme that catalyzes the last step in triglyceride 
synthesis (Grisart et al., 2004) and had been compared for 38 Bos indicus and Bos taurus 
breeds (Kaupe et al., 2004). SCD1 is a rate-limiting enzyme responsible for the conversion 
of saturated FAs into monounsaturated FAs (Ntambi and Miyazaki, 2004) and was reported 
in Italian Holstein Friesian (Mele et al., 2007). FASN is an enzyme that catalyzes the de 
novo synthesis of fatty acids in cells (Kale et al., 2021) and had been compared for Japanese 
Black cattle, Holstein, Angus, and Hereford (Abe et al., 2009).

Despite the growing interest on colostrum as a potentially beneficial food ingredient 
or functional food (Mehra et al., 2021; Bondoc et al., 2022; Ceniti et al., 2022), gene 
association studies with FAs in colostrum are uncommon. This is because the research focus 
in colostrum was more on its role in the development of the calf, and that surplus colostrum 
was formerly regarded as unmarketable for human food (O’Callaghan et al. 2020). In the 
Philippines, there is little information on the nutritional quality (based on FA composition) 
of both colostrum and milk from local dairy cattle herds. In this regard, the objective of 
this study was to determine the association of DGAT1, SCD1, and FASN genotypes with fat 
content and major FAs in colostrum and milk obtained from a local Holstein × Australian 
Friesian Sahiwal (AFS) dairy herd. The associations will provide insight into the underlying 
mechanism of lipogenic genes and polymorphisms that can be used for selection purposes 
in dairy cows.

MATERIALS AND METHODS

Colostrum and milk samples
A total of 180 colostrum and milk samples were collected from 45 Holstein × AFS 

cows that calved from 03 February 2020 to 21 February 2021 at the Real Fresh Dairy Farm 
in Bay, Laguna. Colostrum samples obtained within 24 hours after calving and raw milk 
samples later collected on the 30th, 60th, and 90th day of lactation on the same animal were 
placed in 500 mL plastic bottles, and immediately frozen at –20 °C until further analysis. 
Milk samples were collected on different days of lactation to determine their possible effects 
on fat content and major FAs. However, the fat content and major FAs were not significantly 
different in milk collected on the 30th, 60th, and 90th day of lactation. Hence, the type of milk 
in the statistical analysis was classified as colostrum or milk only. Average age at calving 
and number of lactations was 4.63 ± 2.92 years and 2.74 ± 2.22 lactations, respectively. 

Determination of colostrum fats and fatty acid composition
Fat percentage of colostrum and milk samples was measured by a Fourier 

transformed infrared spectroscopy using the MilkoScan Mars (FOSS Analytical A/S, 
Hillerod, Denmark).

Fat extraction and the preparation of fatty acid methyl esters (FAMEs) were done 
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using the methods described by Bondoc and Ramos (2022). The FAMEs were analyzed 
by gas chromatography using a Shimadzu GC 2010 Plus - Capillary Gas Chromatograph 
System (Shimadzu Corporation, Kyoto, Japan) that is equipped with Flame Ionization 
Detector (FID) and AOC-20i autosampler. It used a FAMEWax (USP G16) capillary column 
(30 m, 0.32 mm ID, and 0.25 μm film thickness, Restek Corporation, U.S.). The injector 
port and FID temperatures were set to 125 °C and then increased to 240 °C at 3 °C per 
min and maintained for 5 min. Hydrogen gas was used as a carrier at 40 mL per min, while 
nitrogen was used as a makeup gas at 30 mL per min. Individual fatty acids were identified 
by comparing their retention times with known FAME standards.

Eighteen (18) fatty acids were determined as a percentage of total FAs (g/100 g 
of total fatty acids), including eight saturated FA (SFA) – lauric acid C12:0, myristic acid 
C14:0, pentadecanoic acid C15:0, palmitic acid C16:0, margaric acid C17:0, stearic acid 
C18:0, arachidic acid C20:0, behenic acid C22:0; six monounsaturated FA (MUFA) – 
myristoleic acid C14:1n-5, palmitoleic acid C16:1n-7, oleic acid C18:1n-9, trans-vaccenic 
acid C18:1n-7, eicosenoic acid C20:1n-11, C erucic acid 22:1n-9; and four polyunsaturated 
fatty acid (PUFA) –linoleic acid or LA C18:2n-6, alpha α-linolenic acid or ALA C18:3n-3, 
arachidonic acid or AA C20:4n-6, docosahexaenoic acid or DHA C22:6n-3.

DNA extraction and amplification, and genotyping
Genomic DNA was extracted from hair follicles using the NucleoSpin® Tissue 

Genomic DNA Extraction Kit (Machery-Nagel, Germany) following the supplier’s protocol 
with some modifications. About 20-30 hair follicles (roots) were placed in a 1.5 mL 
microcentrifuge tube and added with180 μL Buffer T1, and then frozen with liquid nitrogen. 
The samples were freeze-thawed repeatedly (4 times) in water bath set to 56°C before adding 
25 μL of the proteinase K solution. After incubated overnight at 56°C, the mixture was added 
with 200 μL Buffer B3, and incubated at 70°C for 10 min. Ethanol (210 μL) was then added 
to the hair follicle sample and transferred in a NucleoSpin® Tissue Column and centrifuged 
at 11,000 × g for 1 min. The flow-through (supernatant) was removed, and the residual fluid 
was vortexed and then mixed with 500 μL Buffer BW and centrifuged at 11,000 × g for 1 
min. A second washing with 600 μL Wash Buffer B5 was performed, initially centrifuged 
at 11,000 × g for 1 min and then repeated at 11,000 × g for 5 min to remove the residual 
ethanol. The sample column was transferred into a fresh 1.5 mL microcentrifuge tube for the 
elution. About 50 μL Buffer BE (elution buffer preheated to 70°C) was added directly to the 
sample column. After 1 min of incubation at room temperature, the tube was centrifuged at 
11,000 × g for 1 min to collect the purified DNA. 

Genotyping for bovine DGAT1, SCD1, and FASN polymorphism was performed 
using the polymerase chain reaction – restriction fragment length polymorphism method 
(PCR-RFLP). Primer sequences were: DGAT1 – K232A variant (Kaupe et al., 2004) – forward 
5’-GCACCATCCTCTTCCTCAAG-3’ and reverse 5’-GGAAGCGCTTTCGGATG-3’, 
SCD1 (Barton et al., 2010) – forward 5’-ATGTATGGATACCGCCCTTATGAC-3’ and reverse 
5’-TTCTGGCACGTAACCTAATACCCTAAGC-3’, and FASN (Abe et al. (2009) – forward 
5’-CTACCAAGCCAGGCAGGTC-3’ and reverse 5’-GCCATTGTACTTGGGCTTGT-3’. 
Restriction enzymes were Eae1, Fnu4HI, and NciI corresponding to DGAT1 (exon 8 
chromosome 14), SCD1 (exon 5 chromosome 26), and FASN (exon 34 chromosome 19), 
respectively (Table 1). 

The PCR amplification was carried out using a Veriti 96-well thermal cycler with 
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thermal profiles used for each primer pair. The amplified products were digested with 
Eae1, Fnu4HI, and NciI for DGAT1, SCD1, and FASN respectively.  The PCR products 
were separated by electrophoresis on 3% agarose gel for 30–45 min and visualized under 
UV transillumination (ENDURO™ GDS Gel Documentation System). The resulting PCR 
products and genotypes were validated by sending DNA samples to private laboratories 
for Sanger nucleotide sequencing. Sequence similarities with the corresponding regions of 
other cattle breeds were determined using the Basic Local Alignment Search Tool (BLAST) 
at the NCBI database. 

Statistical analysis
Hardy-Weinberg equilibrium (HWE) for the DGAT1, SCD1, and FASN genes and 

genotypes was analyzed using an online chi-square calculator (by Binkowski and Miks 
(2018)). The polymorphic information content (PIC) was estimated to measure the ability 
of each molecular marker to detect polymorphisms. The heterozygosity (H) in each gene 
marker was also calculated to determine the average frequency of heterozygous individuals.

The association of each lipogenic genotype (as a treatment) with fat percentage 
and proportion of major FAs was analyzed following the SAS GLM procedure (SAS Ver. 
9.2, 2009) for unbalanced data using the statistical model: yijkl = μ + MTypei + (MType × 
Genotype)ij + Lactk + eijkl, where yijkl is fat content and major FAs with the highest proportion 
by weight of total fatty acids – C14:0; C16:0; C18:0, C18:1n-9, and C18:2n-6 (g/100 g of 
total FAs); μ is the overall mean, MTypei is the ith type of milk (i.e., colostrum and milk), 
(MType × Genotype)ij  is the interaction effect between the ith milk type and the jth genotypes 
(i.e., DGAT1 – AA, AK, KK; SCD1 – AA, AV, VV; FASN – CC, CT, TT),  Lactk is the kth 
covariate effect of number of lactations, and eijkl is the error term. Results on each lipogenic 
genotype effects were presented as least-square means ± standard errors, and compared 
between specific marker genotypes. Differences were considered significant at P value < 
0.05 and compared separately for colostrum and milk.

RESULTS AND DISCUSSION

Table 2 shows that colostrum had significantly higher (P<0.05) percent fat than 
that in milk from Holstein × AFS cows. The five major FAs with the highest proportions 
by weight of total FAs were oleic acid C18:1n-9, palmitic acid C16:0, stearic acid C18:0, 
C14:0 myristic acid, and linoleic acid C18:2n-6 – representing about 81.47% and 69.40% 
of total FAs in bovine colostrum and milk, respectively. Myristic acid and linoleic acid were 
significantly higher in colostrum than in milk (P<0.05). However, the proportion of oleic 
acid, palmitic acid, and stearic acid were similar between colostrum and milk (P>0.05). 

Except for C12:0 and C16:1 n-7, the proportion of other FAs in bovine colostrum 
and milk (C15:0, C17:0, C20:0, C22:0, C14:1 n-5, C18:1 n-7, C20:1 n-11, C22:1 n-9, C18:3 
n-3, C20:4 n-6 and C22-6 n-3) were less than one percent. C18:1 n-7, C22:1 n-9, and C22-6 
n-3 were not detected in colostrum.

Total SFAs were about 1.25 times higher in colostrum than in milk due mainly to 
higher levels of palmitic acid in colostrum. Total MUFA, as well as total PUFA, were similar 
in colostrum and milk. The omega-6 FAs (i.e., linoleic acid C18:2 n-6 and arachidonic acid 
C20:4 n-6) were higher in colostrum (5.5%) than in milk (4.7%); while omega-3 FAs (i.e., 
α-linolenic acid C18:3 n-3 and docosahexaenoic acid C22:6 n-3) were lower in colostrum 
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(0.20%) than in milk (0.53%). Milk, compared to colostrum, may have the greater potential 
benefit on human health as it had the lower atherogenicity (1.05), thrombogenicity (1.95), 
and n-6/n-3 ratio (8.86); and higher PUFA/SFA ratio (0.14: 1), MUFA/SFA ratio (0.74: 1), 
health promoting index (0.91) and hypocholesterolemic/ hypercholesterolemic ratio (1.31: 
1) – based on equations presented by Chen and Liu (2020). 

Table 2. Fat percentage, major fatty acids, and fatty acid groups (g/100 g of total fatty acids) 
in colostrum and milk from Holstein × AFS cows.

Colostrum Milk
Fat percentage 3.29 ± 0.24a 2.64 ± 0.14b

Saturated FAs
C12:0 1.51 ± 0.11 1.63 ± 0.07
C14:0 5.68 ± 0.26a 4.46 ± 0.15b

C15:0 0.52 ± 0.03b 0.62 ± 0.02a

C16:0 27.82 ± 0.74a 19.39 ± 0.43b

C17:0 0.47 ± 0.02 0.44 ± 0.01
C18:0 14.12 ± 0.69 13.26 ± 0.41
C20:0 0.38 ± 0.03b 0.48 ± 0.02a

C22:0 0.14 ± 0.03b 0.20 ± 0.02a

Monounsaturated FAs
C14:1 n-5 0.24 ± 0.03b 0.42 ± 0.02a

C16:1 n-7 1.16 ± 0.06 1.12 ± 0.03
C18:1 n-9 28.35 ± 1.15 27.83 ± 0.67
C18:1 n-7 n.d. 0.19 ± 0.05
C20:1 n-11 0.36 ± 0.02a 0.25 ± 0.01b

C22:1 n-9 n.d. 0.14 ± 0.05
Polyunsaturated FAs

C18:2 n-6, LA 5.50 ± 0.26a 4.46 ± 0.15b

C18:3 n-3, ALA 0.20 ± 0.03b 0.34 ± 0.02a

C20:4 n-6, AA n.d. 0.23 ± 0.04
C22:6 n-3, DHA n.d. 0.20 ± 0.02
Total SFA 50.64 40.48
Total UFA 35.81 35.42
Total MUFA 30.12 29.94
Total PUFA 5.70 5.48
n-3 (ALA +DHA) 0.20 0.53
n-6 (LA + AA) 5.50 4.70

n.d. – not detected.
[SFA] saturated fatty acids; [UFA] unsaturated fatty acids; [MUFA] 
monounsaturated fatty acids; [PUFA] polyunsaturated fatty acids; [LA] linoleic 
acid); [ALA] α-linolenic acid; [AA] arachidonic acid; [DHA] docosahexaenoic 
acid; [n-3] omega-3 fatty acids; [n-6] omega-6 fatty acids
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Gene and genotype distribution
In the local Holstein × AFS dairy herd, the AK and KK genotypes were found for 

the DGAT1 gene (i.e., allele frequency of A is 0.39). The distribution of DGAT1 genes and 
genotypes, however, was not consistent with the Hardy Weinberg equilibrium (Table 3). 
This could be due to sampling effect, breeding history, and selection pressure for other dairy 
cattle breeds. In contrast, the AA, AV, and VV genotypes were detected for the SCD1 gene 
(i.e., allele frequency of A is 0.77). The CC and CT genotypes were identified for the FASN 
gene (i.e., allele frequency of C is 0.79). The distribution of both SCD1 and FASN genes and 
genotypes was in Hardy Weinberg equilibrium. 

Polymorphic information content (PIC) was highest (i.e., more informative) 
in DGAT1 (0.3624), followed by SCD1 (0.3578), and lowest in FASN1 (0.3331). The 
differences, however, were small. The average frequency of heterozygous individuals was 
highest in DGAT1 (0.4753), followed by SCD1 (0.2938), and lowest in FASN1 (0.2776). 

Effects of lipogenic genotypes on colostrum fats and FA composition
The effects of lipogenic genotypes on fat content and FA composition in bovine 

colostrum are not commonly reported in the literature. In the current study on Holstein × 
AFS cows, the AK genotype of DGAT1 gene was associated (P<0.05) with higher fat content 
in colostrum (3.54%) than for cows with KK genotype (2.75%), see Table 4. In terms of 
SCD1 genotypes, the AV cows had the highest fat content (3.86%) and oleic acid C18:1n-9 
(30.90%) in colostrum, compared to cows with AA (3.05% and 27.25%, respectively) or 
VV genotype (1.71% and 24.18%, respectively). In contrast, the CT genotype of the FASN 
gene was associated (P<0.05) with higher myristic acid C14:0 (6.10%) compared to cows 
with CC genotype (5.26%). Results on the lipogenic genotype effects suggest a possible 
role of DGAT1, SCD1, and FASN genes in the genetic variation of colostrum nutritional 
properties. However, selecting cows to produce colostrum with a particular fat content and 
FA composition may be impractical since colostrum yield is only 0.5% of the cow’s annual 
milk production so that production of colostrum all year round in commercial quantities will 
be limited (O’Callaghan et al., 2020).

Association of lipogenic genotypes with milk fats and FAs
DGAT1 genotypes. The AK genotype in the local herd of Holstein × AFS cows, was 

associated (P<0.05) with slightly higher myristic acid C14:0 (4.56%) than for cows with 
KK genotype (4.01%), see Table 4. The results are consistent with the findings of Schennink 
et al. (2007), who showed that the K allele was associated with a lower concentration of 
C14:0 in Dutch Holstein Friesian cows. In a similar finding for Chinese Holsteins, Li et al. 
(2021) reported a higher proportion of C14:0 (12.60%) in AK cows compared to cows with 
the KK genotype (12.09%). This implies that milk from KK cows appears to have greater 
health benefits than milk from AK cows since myristic acid – a saturated FA, is considered 
hypercholesterolemic and may raise both low-density lipoprotein (LDL) and high-density 
lipoprotein (HDL) cholesterol concentrations (Temme et al., 1997).

SCD1 genotypes. The AV genotype was associated (P<0.05) with the highest palmitic 
acid C16:0 (21.30%) and stearic acid C18:0 (14.57%) in milk fats from Holstein × AFS cows 
compared to cows with AA (18.22% and 12.84%, respectively) and VV genotype (18.56% 
and 9.07%, respectively), see Table 4. Similar results were found by Mele et al. (2007), who 
showed that Italian Holsteins with the AV genotype had the highest proportion of C16:0 
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(24.12%) and C18:0 (8.91%) compared to AA cows (23.92% and 8.70%, respectively) and 
VV cows (23.7% and 8.58%, respectively). Schennink et al. (2008) also reported that the 
V allele is associated with a higher C16:0 and C18:0 in milk fats from Dutch Holstein 
Friesian cows in comparison to the A allele. Palmitic acid, together with lauric acid (C12:0) 
and myristic acid (C14:0), add to the total dietary saturated FAs, which when consumed in 
high quantities have been shown in many epidemiologic, clinical, and animal studies to be 
associated with an increase in blood cholesterol and increased risk of atherosclerosis and 
coronary heart disease in humans. On the other hand, stearic acid – when compared with 
other saturated FAs, lowers LDL cholesterol (Mensink, 2005).

FASN genotypes. In our study, FASN genotypes in Holstein × AFS cows had no 
significant effect on fat content and major milk fatty acids (P>0.05). In contrast, The FASN 
gene had been associated with milk fats in Friesian-sired and Jersey-sired cows in New 
Zealand (Morris et al., 2007) and milk fatty acids (especially C14:0) in Chinese Holsteins 
(Li et al., 2016) and Simmental and Holstein × Simmental cows in Croatia (Mauric et al., 
2019).

CONCLUSION

The results on the lipogenic genotype effects suggest that DGAT1, SCD1, and 
FASN genes and genotypes may have an important role in the local marker assisted 
selection program for Holstein × AFS cows aimed at changing fat percentage and some 
FAs, and consequently, improve the nutritional quality of bovine colostrum and milk. 

In a future local marker assisted selection program, the frequency of the desirable 
lipogenic gene or genotype that has been associated with better nutritional quality of bovine 
colostrum and milk should be increased.  Moreover, the unbalanced distribution of the 
lipogenic genes for the local Holstein × AFS dairy herd in this study suggests that the size of 
population with individual records on fat percentage and major FAs should also be increased.
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