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INTRODUCTION
	
Milk fat is a component of milk which has a high 

economic value. Milk fat can be a determinant of the 
sustainability of dairy cattle business in this country. 
Milk with fat quality is increasingly required for cheese 
products and other functional foods. Milk produced 
by HF dairy cattle contains high fat and total milk fat 
consisted of 65.67% of total saturated fatty acids (SFA), 
29.56% of total monounsaturated fatty acid (MUFA), 
and 4.78% of total polyunsaturated fatty acid (PUFA) 
(Pilarczyk et al., 2015). Previous studies reported that 
consuming foods containing high SFA and trans-fat 
associated with cardiovascular disease, coronary heart 
disease, diabetes, and stroke (Livingstone et al., 2012; 
Micha & Mozaffarian, 2010; Salter, 2013; Siri-Tarino et 
al., 2010), and consuming MUFA and PUFA were cor-
related with improving human health (Livingstone et 
al., 2012; Siri-Tarino et al., 2010). MUFA and PUFA are 
currently used to reduce the number and size of tumor 
disease (Torkildsen et al., 2012).
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ABSTRACT

Milk fatty acids are largely affected by genetic factors. Acetyl-CoA Carboxylase Alpha (ACACA) 
gene is one of the important genes in regulation and metabolic function of milk fatty acids in dairy 
cattle. The objective of this study was to find out the relationship of single nucleotide polymorphism 
(SNP) ACACA gene with milk fatty acid trait in local dairy cattle. A total of 277 samples of Holstein 
Friesian (HF) were collected from Indonesian Research Institute for Animal Production (IRIAP), 
Animal Breeding Center and Forage Feed of Baturraden (ABCFFB), Central Java Province, Animal 
Husbandry Training Center of Cikole (AHTCC), West Java Province, Singosari Artificial Insemination 
Station (Singosari AIS), East Java Province, and Lembang Artificial Insemination (Lembang AIS), West 
Java Province, Indonesia. Genotyping of this SNP marker (g.2203G>T) was analyzed using the real-
time Polymerase Chain Reaction (PCR) based on the hybridization TaqMan probe as the method for 
allelic discrimination. Milk samples were analyzed using Gas Chromatography and Mass Spectrometry 
(GCMS). The results of this study revealed the GG and GT genotypes. The proportion of the GG geno-
type frequency (0.88) was higher than the GT genotype (0.11) and the G Allele frequency was shown 
higher than the T allele in all locations, i.e., 0.942 and 0.08, respectively. The ACACA gene g.2203G>T 
SNP was significant (p<0.05) for lauric (C12:0) and dodecanoic (C17:1) acids. It was concluded that the 
ACACA gene g.2203G>T SNP could be useful as a marker selection for milk fatty acid such as lauric 
and dodecanoic fatty acids.
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Milk fatty acid is a quantitative trait which is con-
trolled by multi genes in biological pathways of milk 
fatty acid synthesis (Abbas & Sibirny, 2011; Marchitelli 
et al., 2013; Wang et al., 2015). Gene candidate studies 
have shown that several genes have significant roles in 
de-novo milk fatty acid synthesis. The genes involved 
in controlling fatty acids synthesis are Diacylglycerol 
Acyltransferase-1 (DGAT1), Stearoyl-CoA Desaturase-1 
(SCD1), and Acetyl-CoA Carboxylase Alpha (ACACA) 
genes (García-Fernández et al., 2010; Gunawan et al., 
2019; Matsumoto et al., 2012; Shin et al., 2011). However, 
the ACACA enzyme is found evenly in many tissues 
and the highest level is found in the lipogenic tissue of 
the mammary gland during breastfeeding, apart from 
the liver and adipose tissues (Matsumoto et al., 2012; 
Singh et al., 2015). The Acetyl-CoA Carboxylase Alpha 
gene has a key role in milk fatty acid metabolism which 
controls Acetyl-CoA Carboxylase in the regulation of 
fatty acid synthesis (Gacek et al., 2017; Matsumoto et al., 
2012). The activity of Acetyl-CoA Carboxylase in the cell 
increased to lead the increasing production of Malonyl-
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CoA, as a substrate for palmitic acid and long-chain 
fatty acid synthesis (Abu-Elheiga et al., 2012; Najafpanah 
et al., 2014). The Acetyl-CoA Carboxylase enzyme is 
expressed in all the lipogenic tissues such as adipose tis-
sue, liver, and mammary gland during lactation (Ropka-
Molik et al., 2017; Wang et al., 2015). Based on the previ-
ous studies, the ACACA gene in 5’UTR (untranslated 
region) had a significant effect on milk fatty acid compo-
sition in beef cattle (Zhang et al., 2010). The Acetyl-CoA 
Carboxylase Alpha gene is a very strong gene for fatty 
acid which is located on chromosome 19 (19q13- p14), 
with the length of 6203 bp consisting of 56 exons and 55 
introns (Shin et al., 2011). The Acetyl-CoA Carboxylase 
Alpha gene is one of the very important genes involved 
in milk fatty acid synthesis and the limiting level of this 
enzyme will affect the biosynthesis of palmitic acid and 
long-chain fatty acid.  However, the effect of this gene 
on milk fatty acid has not been evaluated in local dairy 
cattle. 

A technology which works rapidly in evaluating 
gene is a real-time Polymerase Chain Reaction (real-
time PCR). Real-time PCR is a technology in molecular 
biology for Single Nucleotide Polymorphism (SNP) 
identification rapidly in resulting genotype data (Kozera 
& Rapacz, 2013). Real-time PCR utilizes TaqMan MGB 
probe fluorescence which has been widely used in other 
fields of molecular biology including in the livestock 
(Bora et al., 2011; Hymas et al., 2010; Lanfranco et al., 
2009; Navarro et al., 2015). The advantage of real-time 
PCR in gene genotyping requires only a few samples, 
monitoring directly PCR products without electrophore-
sis, with high sensitivity and high accuracy of genotype 
data (Wei et al., 2013). Therefore, the TaqMan MGB 
probe in real-time PCR could be used in identifying the 
ACACA gene in local dairy cattle. This study aimed to 
identify the ACACA gene using TaqMan real-time PCR 
and its effect on milk fatty acid traits in dairy cattle.

MATERIALS AND METHODS

Blood and Milk Samples

Blood samples were collected from female Holstein 
Friesian (HF) dairy cattle from Indonesian Research 
Institute for Animal Production (IRIAP), Bogor, West 
Java (113 heads), Animal Husbandry Training Center 
of Cikole (AHTCC), Bandung, West Java (42 heads), 
Animal Breeding Center and Forage Feed of Baturraden 
(ABCFFB), Banyumas, Central Java (76 heads); as 
well as from male HF cattle from Singosari Artificial 
Insemination Station (Singosari AIS), Malang, East 
Java (29 heads), and Lembang Artificial Insemination 
(Lembang AIS), Bandung, West Java (17 heads), 

Indonesia. Genomic DNA was extracted from each ani-
mal using Genomic DNA Purification Mini Kit (Thermo 
Scientific) in the Laboratory of Animal Molecular 
Genetic, Faculty of Animal Science, IPB University and 
Research Institute of Animal Production, Ciawi, Bogor, 
Indonesia.

Milk samples were collected from HF cows within 
2-8 months of lactation and 1-4 periods of lactation 
from ABCFFB.  All of these cows were fed under the 
tightly controlled conditions of the same feeding 
program. Milk samples were analyzed using Gas 
Chromatography and Mass Spectrometry (GCMS) 
at the Technical Implementation Unit of Integrated 
Laboratory, Diponegoro University, Semarang. As much 
as 0.5 µL of esterified milk fat samples were injected 
into the GC column by auto sampling. The separation 
was performed in the RTx1-MS column of Restech 30 
m x 0.5 mm ID 0.25 µm, with the stationary phase of 
Polydimethyl Ciloxan, injector temperature of 280°C, 
column temperature of 70°C raised to 300°C with an in-
crease of 10°C/min, the eluent used was helium gas with 
a flow rate of 1.15 mL/min. The MS detector used was 
Electron Multifier Detector (EMD) 70 MeV. The results 
of the analysis in the form of a mass spectrum displayed 
on the post-run GCMS software and compared with the 
library wiley9.lib.

Designing of Primer and TaqMan Probe

Primer and probe of the ACACA gene were 
designed using Primer Express program Primer 3.0.1 
(Perkin-Elmer, Applied Biosystems) based on the 
ACACA gene sequence with No. Access Genbank: 
AJ276223 at the mutation site g.2203G>T (Figure 1). 
The sequence of forward primer was 5'-GCC TCC CTG 
CCT TCA GAT AAA-3' and reverse primer was 5'-GGG 
AAG TCC CCA GTA TCA TTT TT-3'. The sequence of 
probe 1 was 5'-(FAM) TGA AGT GTA TAG GAC TTA 
GAA-3' and probe 2 was 5'- (VIC) TAT AGG ACT TAT 
AAA GGG C-3’. TaqMan probe on the SNP was bold 
where Probe 1 was synthesized by FAM™ dye-labeled 
TaqMan® MGB probe with blue dye for identifying 
specific T allele at 5' end reporter whereas probe 2 was 
synthesized by VIC™ dye-labeled TaqMan® MGB probe 
with blue-pink dye to identify specific G allele at 3’ end 
quencher as describe at Figure 1.

 
Genotyping of ACACA Gene

Amplification of the ACACA gene was conducted 
by using the real-time PCR with thermal cycler consist-
ing of denaturation at 95°C for 20s, annealing tem-
perature at 60°C for 60s, and extension at 95°C for 3 s, 

Figure 1. Primer and probe (forward-reverse) ACACA gene

 

 

Figure 1. Primer and probe (forward-reverse) ACACA gene 
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respectively, each for 40 cycles. PCR reaction was made 
with 1 µL DNA template, 5 µL TaqMan®GTXpressTM 
Master Mix containing the buffer, Uracil-N-glycosylase, 
deoxyribonucleotides, uridine, passive reference dye 
(ROX), TaqGold DNA polymerase (Applied Biosystems, 
Foster City, CA USA), 0.5 uL primer, and Taqman-MGB 
probe (forward and reverse), and 3.5 µL real-time PCR 
grade water. This reaction was distributed 10 µL in 
MicroAmp Optical 96-Well reaction plates with the ratio 
of DNA template and reaction 1:9 (vol/vol), and using 
non-template DNA as a control. MicroAmp Optical 96-
Well reaction plates were covered by sealing-foil 96-well 
and centrifuged with 2500 rpm for 3 minutes.

Genotyping of the ACACA gene g.2203G>T SNP on 
each sample would be read by curve fluorescence which 
was received in real-time PCR machine. Genotype data 
of all samples would be formed by a cluster genotype 
based on fluorescence. Homozygous GG genotype was 
characterized by FAM fluorescent, heterozygous GT 
genotype was characterized by VIC and FAM fluores-
cent, and homozygous TT genotype was demonstrated 
by VIC fluorescent. All of the data were recorded by 
7500 ver.2.0.6 software (Applied Biosystems, Foster City, 
CA, USA) and the output of the data was obtained in the 
form of Microsoft Excel.

Data Analysis

Genotype data of the ACACA gene g.2203G>T SNP 
of the HF cattle observed were analyzed using genotype 
frequency and allele frequency by popgen32 software 
ver. 1:31. The PROC General Linear Models (GLM) pro-
cedure of SAS ver. 9.2 was used to find the association 
between ACACA gene polymorphism and individual 
milk fatty acid. The mathematical model analysis was as 
follows:

Yijklmn= m + Gi + Lj + Pk + Sl + Tm + en

where Yijklmn was individual component of milk fatty 
acid traits, m was overall means for each trait (24 fatty 
acids), Gi was the ith genotype effect (GG, GT), Lj was 
the jth month of lactation effect (2-4, 5-8), Pk was the 
kth period of lactation effect (1,2, 3-4), Sl the lth season 

of calving effect (1-6, 7-12), Tm was the the mth year of 
calving effect 2011, 2012), and εn was the nth random 
residual effect.

RESULTS

Amplification of ACACA Gene

The ACACA gene was successfully amplified using 
primers and probes. The ACACA gene amplification 
was carried out under the condition of Thermal Cycler 
real-time PCR, namely at denaturation temperature of 
95ᵒC for 20 seconds, annealing temperature of 60°C for 1 
minute, and extension temperature of 95ᵒC for 3 seconds 
which was run for 40 cycles. The results of the ACACA 
gene using TaqMan MGB Probe in Holstein Friesian 
cattle only found two genotypes, i.e., GG and GT. The 
results of real-time PCR products were displayed in 
Figure 2 and 3. Genotyping of the ACACA gene was 
shown in the allelic discrimination plot, whereas GG 
genotypes were shown by clustering data with blue dye 
and GT genotypes were shown by clustering data with 
green dye, as shown in Figure 4. 

Polymorphism of ACACA Gene

The results of genotype and allele frequencies of 
the ACACA gene g.2203G>T SNP are presented in Table 
1. The average frequency of GG genotype was 0.885 
and GT Genotype was 0.115.  The frequencies of G and 
T alleles were 0.942 and 0.058, respectively. Generally, 
the allele frequency of the ACACA gene in dairy cattle 
showed that G allele was predominant compared to 
T allele and the frequency of GG genotype was higher 
than the frequency of GT genotype in dairy cattle.

The Association of ACACA Gene with Milk Fatty Acid

The result of the association analysis showed that 
the genotype of the ACACA gene g.2203G>T SNP did 
not significantly affect milk fatty acid of dairy cattle. 
However, some association results showed that GG 
genotype had higher SFA (lauric acid) than GT genotype 
(p<0.05) and GT genotype had higher UFA (dodecanoic 

Figure 2.	 Amplification plot of GG genotype of ACACA gene in dairy cattle,  
= AHGJ8BB-T, = AHGJ8BB-G
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acid) than GG genotype (p<0.05). The results of the as-
sociation analysis are presented in Table 2.

 
DISCUSSION

The ACACA gene has a key role in the biological 
system to synthesize milk fatty acid. The ACACA en-
zyme is found almost in the entire tissue, but the highest 
level was found in the lipogenic tissue of the mam-
mary gland during lactation (Marchitelli et al., 2013; 
Matsumoto et al., 2012). Based on previous research, the 
ACACA gene was a potential candidate gene in fatty 
acid. The ACACA gene can be used as a SNP marker for 
the composition of fatty acids in meats of beef, pork, and 

goat’s milk (Abu-Elheiga et al., 2012; Najafpanah et al., 
2014; Zhang et al., 2010).

The exploration of ACACA gene polymorphisms 
in this study uses a real-time PCR technology. Real-
time PCR is in principle the same as conventional PCR 
(Kozera & Rapacz, 2013). The advantages of real-time 
PCR are the amplification products can be monitored 
in real-time without electrophoresis (Divis et al., 2010). 
Real-time PCR technology utilizes a fluorescent TaqMan 
MGB probe, where the TaqMan MGB Probe is designed 
to stick to the accumulation of products that bind the 
target sequence (Wei et al., 2013). The utilization of 
TaqMan MGB probes in real-time PCR as a detection 
system has been widely used in genotyping and gene 

Figure 3. Amplification plot of GT genotype of ACACA gene in dairy cattle,             
= AHGJ8BB-T, = AHGJ8BB-G
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Figure 3. GT genotype of ACACA gene in dairy cattle 467 
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Figure 4.	Allelic discrimination plot GG, GT genotype, and NTC of ACACA 
gene in dairy cattle, = T / G, = G / G, x= Undetermined.

TASJ-30075 

22 
 

 504 
505 

GG 

NTC 

GT 

 



310     December 2020

AZIS ET AL. / Tropical Animal Science Journal 43(4):306-313

Table 1. Allele and genotype frequency of ACACA gene in dairy cattle

Location n Genotype frequency Allele frequency
GG GT G T

IRIAP 113 0.973 0.027 0.987 0.013
ABCFFB 76 0.895 0.105 0.947 0.053
AHTCC 42 0.905 0.095 0.952 0.048
Singosari AIS 29 0.828 0.172 0.914 0.086
Lembang AIS 17 0.824 0.176 0.912 0.088
Total 277 0.885 0.115 0.942 0.058

Note:	IRIAP= Indonesian Research Institute for Animal Production, Bogor, West Java; ABCFFB= Animal Breeding Center and Forage Feed of 
Baturraden, Banyumas, Central Java; AHTCC= Animal Husbandry Training Center of Cikole, Bandung, West Java; Singosari AIS= Singosari 
Artificial Insemination Station, Malang, East Java; Lembang AIS= Lembang Artificial Insemination Station, Bandung, West Java, Indonesia.

Table 2. The association of ACACA gene polymorphism with milk fatty acid

Milk fatty acid
Genotypes

Probability Sig.
GG (n=36) GT (n=7) 

Saturated fatty acid (SFA) 
a.  Short chain (C3-C9) 

Propionic (C3:0) 1.14±0.20 0.82±0.41 0.4864 Ns
Butyric (C4:0) 0.45±0.06 0.59±0.12 0.3131 Ns
Caproic (C6:0) 1.61±0.08 1.51±0.15 0.5690 Ns
Caprylic (C8:0) 2.29±0.17 2.14±0.35 0.6963 Ns
Nonanoic (C9:0) 0.18±0.06 0.44±0.12 0.0683 Ns
Sub Total 5.67 5.50

b.  Medium chain (C10-C14) 
Capric (C10:0) 1.65±0.07 1.53±0.37 0.4713 Ns
Lauric (C12:0) 5.99±0.09ᵃ 5.55±0.18ᵇ 0.0459
Tridecanoic (C13:0) 0.42±0.04 0.35±0.07 0.3806 Ns
Myristic (C14:0) 24.75±0.28 25.24±0.56 0.4335 Ns
Sub Total 32.81 32.67

c.  Long chain (C14-C22) 
Pentadecanoic (C15:0) 4.68±0.08 4.82±0.16 0.4411 Ns
Palmitic (C16:0) 32.87±0.29 32.78±0.59 0.9276 Ns
Stearic  (C18:0) 1.11±0.06 1.06±0.12 0.7456 Ns
Arachidic (C20:0) 1.61±0.05 1.61±0.10 0.9993 Ns
Behenic (C22:0) 1.03±0.04 0.96±0.08 0.4996 Ns
Sub total 41.30 41.26

Total SFA 79.78 79.43
Unsaturated fatty acid (UFA)
a.  MUFA (C14:1) – (C22:1) 

Caproleic (C10:1) 0.16±0.0 0.13±0.02 0.2717 Ns
Myristoleic (C14:1) 3.44±0.04 3.53±0.80 0.3492 Ns
Hexadecenoic (C16:1) 7.54±0.27 7.83±0.55 0.6418 Ns
Heptadecanoic (C17:1) 1.67±0.07 1.56±0.14 0.4869 Ns
Eicosanoic (C20:1) 2.95±0.07 3.23±0.15 0.0910 Ns
Dodecanoic (C12:1 n-3) 0.14±0.06ᵃ 0.29±0.06ᵇ 0.0399
Erucic (C22:1) 0.41±0.04 0.42±0.07 0.9591 Ns
Sub Total 16.31 16.99

b.  PUFA (C4:2) – (C22:4) 
Butanedioic (C4:4) 1.13±0.09 0.77±0.17 0.0736 Ns
Linoleic (C18:2 n-6) 1.28±0.05 1.21±0.09 0.5290 Ns
Arachidonic (C20:4 n-3) 1.16±0.02 1.14±0.03 0.6268 Ns
Sub total 3.57 3.12

Total UFA 19.88 20.11
Note: Means in the same row with different superscripts differ significantly (p<0.05); ns= non-significant.
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quantification. The probe molecule has two parts in de-
tecting genes, namely the dye reporter at the 5’ end and 
the quencher at the 3’ end (Bora et al., 2011; Navarro et 
al., 2015). The dye probe reporter functions as a fluoro-
phore donor at the 5’ end, while the dye probe quencher 
functions as a fluorophore receiver at the 3’ end. Both 
probes hybridize only with the target sequence in the 
annealing phase (Bora et al., 2011; Navarro et al., 2015). 
Hybridization of wild-type probes only hybridizes with 
wild-type targets, whereas mutant probes hybridize 
with mutant targets (Demeke et al., 2010; Divis et al., 
2010). The result of the hybridization is the production 
of fluorescence signals. If the probe molecule does not 
hybridize with the target sequence, it will not produce 
a fluorescence signal. Fluorescence curves of the probe 
hybridization results can be monitored in real-time 
(Demeke et al., 2010; Divis et al., 2010).

The ACACA gene was amplified in the 22nd and 
26th cycles and the fluorescence curve passed the Cycle 
threshold (Ct) line from the base-line (initial amplifica-
tion) to the exponential phase and towards plateau 
(extension) phase (Figure 2 and 3). The Ct values of the 
two (VIC and FAM) fluorescence curves were 0.100926 
and 0.032868, respectively. The fluorescence curve that 
had passed through the Ct indicated that the process 
was successfully in amplification phase. The success of 
the fluorescence curve passed the Ct value was used 
as an indicator of the success of amplification of the 
target gene and was used as a basis for determining the 
genotype of an individual sample accurately (Bora et 
al., 2011; Demeke et al., 2010; Divis et al., 2010). The Ct 
values ​​were related to DNA quality of samples (Kozera 
& Rapacz, 2013). The Ct value was determined auto-
matically when the curve was in the exponential phase 
(Divis et al., 2010). 

The result of the amplification of the ACACA 
gene g.2203G>T SNP was successfully analyzed using 
TaqMan Probe real-time PCR. There was a mutation 
G toT SNP at base 2203 (GeneBank accesion number 
AJ_276223). The ACACA gene genotype in individual 
dairy cattle was shown by the amplifying curve. The GG 
genotype was shown by the FAM fluorescence with blue 
dye, whereas the GT genotype was shown by the FAM 
and VIC fluorescence with blue and pink dyes. All of the 
samples ACACA gene g.2203G>T SNP could be shown 
by clustering genotype where GG genotype was shown 
by clustering FAM fluorescence with blue dye, GT geno-
type was shown by clustering FAM and VIC fluores-
cence with green dye and non-template control (NTC) 
with black dye (Figure 4). The TT genotype in this study 
was not found. It shows that the same result reported 
by Zhang et al. (2010) that GG and GT genotypes were 
found in Brangus and Romosinuano cattle.

The result of the ACACA gene genotype was 
shown in Table 1. Generally, the frequency of GG geno-
type (0.885) was greater in all locations of dairy cattle 
than the frequency of GT genotype (0.115). The results 
of this study did not find the TT genotype. This result 
could be influenced by the source of bulls of Artificial 
Insemination Station (Singosari AIS and Lembang AIS) 
used. Both of AIS sources did not inherit the TT geno-
type. It is likely that the bulls used in the GG genotype 

were mated with GT genotype or GT genotype were 
mated with GG genotype. The mating system with the 
genotype was one of the reasons for the absence of the 
TT genotype in all population. 

The results of allele frequency showed that the av-
erage frequency of G allele were higher (0.942) than the 
frequency of T allele (0.058). The high frequency of G al-
lele would be an indication that the majority of individ-
ual dairy cattle did not have mutation on this SNP (2203 
bp). This condition was provable by the high frequency 
of the G allele as a wild type and the low frequency of 
T allele as mutant type. The mutation would cause the 
changes in the level of substitution, deletion, insertion, 
and insertion in the DNA (Nei, 1987). However, the 
ACACA gene in this study was polymorphic. This 
ACACA gene showed more than one allele type in all 
locations. Based on the result reported by Gunawan et 
al. (2018) the frequency of polymorphic allele was less 
than 0.99 (>0.01). Polymorphisms of ACACA gene have 
been reported in some species, among those were cattle 
(Shin et al., 2011), goat (Najafpanah et al., 2014), mice 
(Abu-Elheiga et al., 2012), duroc (Braglia et al., 2014), and 
human (Abu-Elheiga et al., 1995). 

The results of milk fatty acid are presented in Table 
2. The milk fatty acid composition was identified as SFA, 
MUFA, and PUFA which consist of 21 types of fatty 
acid. SFA was consist of 5 types of short-chain fatty acid 
(propionic, butyric, caproic, caprylic, and nonanoic), 
4 types of medium-chain fatty acid (capric, lauric, tri-
decanoic, and mirystic), and 6 types of long-chain fatty 
acids (pentadecanoic, palmitic, heptadecanoic, stearic, 
arachidic, and behenic). MUFA was identified with 7 
types of fatty acid (caproleic, myristoleic, hexadecenoic, 
heptadecanoic, eicosanoic, dodecanoic, and erucic). 
PUFA was identified 3 kinds of fatty acid (butanedioic, 
linoleic, and arachidonic). The total composition of SFA, 
MUFA, and PUFA were 79.43%-79.78%, 16.31%-16.99%, 
and 3.12%-3.57%, respectively.

The effect of ACACA gene polymorphism was not 
significant (p>0.05) on milk fatty acid (SFA, MUFA, and 
PUFA) except on lauric acid (C12:0) and dodecanoic acid 
(C12:1 n-3). ACACA polymorphism which has a poten-
tially significant effect were on nonanoic acid, eicosanoic 
acid, and butanedioic acid. GG genotype has lauric acid 
content that was greater (5.99±0.09) than GT genotype 
(5.55±0.18). On the contrary, in the dodecanoic content, 
GT genotype was higher than GG genotype. Therefore, 
on the other side, SFA content that generally GG geno-
type was higher than the GT genotype. However, it was 
in contrast with MUFA, especially dodecanoic (C12: 
1 n-3) acid that the GT genotype had a higher content 
than the GG genotype. The result of the study by Zhang 
et al. (2010) showed that the GG genotype had a more 
powerful effect than the GT genotype on total SFA, and 
the opposite were found in MUFA and PUFA.

The result of fatty acid content is influenced by 
gene activity which controls the formation of fatty 
acids in milk (Abbas & Sibirny, 2011; Gacek et al., 2017; 
Wang et al., 2015). Livestock, especially cattle could not 
synthesize linoleic fatty acid (C18: 2) and linolenic fatty 
acid (C18: 3 n3), and the other types of PUFA fatty ac-
ids. PUFA fatty acids produced by the feed consumed 
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(Ropka-Molik et al., 2017). SFA biosynthesis by fatty 
acid synthesis (FAS) then experienced extension or mi-
crosomal desaturation in the adipose tissue to produce 
MUFA such as myristoleic acid (C14:1), hexadecanoic 
acid (C16:1), and vaccenic acid (C18:1) (Livingstone et 
al., 2012; Ropka-Molik et al., 2017; Zhang et al., 2010).

The SFA content in this study was the highest 
(myristic, pentadecanoic, and palmitic), followed by 
MUFA (myristoleic) and PUFA (linoleic) (Table 2). The 
similar results found in this research were reported  by 
previous researches (Buckle et al., 2019; Matsumoto et 
al., 2012). ACACA gene polymorphism with milk fatty 
acid had an opportunity as a marker-assisted selection. 
GG genotype can be selected to increase SFA quality, 
especially lauric acid, and GT genotype can be selected 
to increase MUFA quality, especially dodecanoic acid. 
However, this condition needs to be evaluated further 
and the effect of the SNP of the ACACA gene on 
milk fatty acid. The utilization of the ACACA gene 
g.2203G>T SNP in the future as molecular marker that 
the GG genotype for lauric fatty acid and GT genotype 
has an opportunity for dodecanoic acid.    

Triglyceride milk fat is synthesized by more than 
400 different fatty acids, which makes milk fat the most 
complex of all-natural fat. Almost all of these fatty acids 
are in small amounts and only about 15 types of fatty ac-
ids at the level of 1% or higher. Many factors are related 
to the variations in the amount and composition of dairy 
milk fatty acids. Variations in fatty acid composition 
could be influenced by genetic and feed factor, related 
to energy intake, dietary fat, dietary fiber content, and 
seasonal influence (Kesek et al., 2017; Ropka-Molik et 
al., 2017). The other factors that affect the fatty acids 
composition of the produced milk are individual varia-
tion based on clump, species,  and feed (Matsumoto 
et al., 2012). At present, there have been many studies 
relating to the genetic effect on potential economic char-
acteristics through major gene exploration. The effect 
of ACACA polymorphism had been analyzed on meat 
fat composition in different cattle populations (Kesek et 
al., 2017; Matsumoto et al., 2012). SNPs in several genes 
that play a role in fat synthesis or metabolic pathways 
have been linked to the percentage of milk fat or milk 
fat production. Based on Table 2, differences in genotype 
from the ACACA gene had been shown to be influenced 
by SFA and UFA.

CONCLUSION

The ACACA gene g.2203G>T SNP of the local HF 
cattle expressed the two genotypes of GG and GT with 
GG genotype dominant to GT genotype leading to high 
G allele and low T allele. The ACACA gene g.2203G>T 
SNP has potential genetic markers to increase milk fatty 
acids, GT genotype to increase dodecanoic acid (PUFA) 
and reduce the GG genotype especially for lauric acid 
(SFA).
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