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Abstract | The current study aims to investigate the genetic polymorphisms of the DGAT1 and CAPN1 genes and
their relationship to the fatty acid profile in local and imported veal meat. A total of 150 calves were used, comprising
75 local calves and 75 imported from Colombia, sourced from various local breeders in Basrah Governorate. Fatty
acids in veal meat were analyzed using HPLC and GC-MS, while genetic tests were conducted using PCR and se-
quencing methods. Three genotypes were identified for the DGAT1 gene (BB, AB, AA) corresponding to A and B
alleles, and three genotypes for the CAPN1 gene (GG, CG, CC) corresponding to C and G alleles. Both local and
imported breeds exhibited similar numbers of alleles for both genes; however, the number of effective alleles (ne) was
lower in the local breed. Regarding observed heterozygosity, the imported breed showed a higher percentage compared
to the local breed, where no heterozygosity was observed for the DGAT1 gene. The percentage of heterozygosity ob-
served for the CAPN1 gene was similar in both local and imported breeds. The fixation index (F) for both genes was
positive, indicating the presence of inbreeding. The DGAT1 gene exhibited a combined effect, with the A allele having
a dominant effect, both of which positively influenced fatty acid production in meat. The genetic equivalent value for all
fatty acids in veal meat from both the local and imported breeds ranged between 0.09 and 0.47. Most fatty acids had
a high genetic equivalent, except for polyunsaturated fatty acids, which had a very low genetic equivalent (0.08). The
study found high heritability estimates for saturated, monounsaturated, and total unsaturated fatty acids, indicating a
strong genetic influence on these traits. This suggests that genetic improvement can be achieved by selecting animals
with favorable genotypes.
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INTRODUCTION ty acids, it is a rich source of essential nutrients (protein,
minerals) (Bigornia ez a/., 2022). Additionally, a scientific

Ithough there is evidence that red meat is one source report by the Advisory Committee on Dietary Guidelines

of cardiovascular diseases because of saturated fat- suggests that dietary patterns with lower saturated fat con-
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tent and higher trans-fat content are helpful in reducing
the risk of cardiovascular disease (McGuire, 2016).

The fatty acid (FA) composition in beef is less diet-de-
pendent than that of non-ruminant meat. It is largely de-
termined by essential lipid enzymes in FA synthesis path-
ways (Zhang e al., 2008). Diacylglycerol acyltransferase
1 (DGAT?1) encodes a microsomal enzyme, and its pol-
ymorphism has been shown to affect muscle fat in beef
as well as fatty acid absorption, transport, and metabolism
(Anton ez al.,2011). The DGAT1 gene contains 17 exons
and 16 introns and is located on chromosome 14 in cattle

(Yousief ef al., 2024).

In terms of improving meat quality, several research studies
have been conducted to identify single nucleotide polymor-
phisms (SNPs) as they have been widely applied as genetic
markers in livestock-based industries, including breeding
and improvement programs (Lu ¢z a/., 2018; Jakaria ez al.,
2020). p- Calpain is a key protein enzyme that plays an
important role in the process of meat tenderization (Ca-
sas ez al., 2006), thereby increasing meat tenderness. The
CAPN1 gene, present on chromosome 29, consists of 21
exons and 20 introns in its underlying genetic structure

(Shafee and Lowe, 2017; Jakaria ez a/., 2020).

'The genetic trend is used to modify the FA composition in
calf adipose tissue through moderate to high estimates of
genotype replication, and the identification of mutations
in genes that encode key enzymes involved in FA metabo-
lism may help understand the genetic variation underlying
beef (Inoue ez al., 2011; Nowak, 2011; Kelly ez a/., 2013).
Manipulation of the composition of cattle fat is important
in reducing saturated fatty acids, that contribute to car-
diovascular diseases in human, secondly, the contribution
of certain fatty acids to beef flavor traits; and finally, the
difference in fat ductility (Barton ez 4/, 2016). The latter

characteristic can have different impacts on meat quality.

Several studies have dealt with the association of genes
polymorphisms and different Iragi animal performance
(Touma ez al., 2022; Mnati, 2023). The main differences
among the individuals within the breed or species is deter-
mined by genetic diversity. Analysis of heredity data by dif-
ferent statistical programs provide different measurements
that determined the diversity between individuals within
the same breed or between breeds of the same species (Ay-
ied and Zagqeer, 2018).

Therefore, this study was conducted to assess the genetic
diversity of the breeds available in Iraq based on two ge-
netic loci, the DGAT1 and CAPN1 genes. The aim of this
study was to evaluate the association between polymor-

phisms in the DGAT1 and CAPN1 genes and the fatty
acid profile in both Iraqi local and imported cattle.

MATERIALS AND METHODS

ETHICAL APPROVAL

'The study has been approved by the animal ethics commit-
tee of the Department of Animal Production, College of
Agriculture, University of Basrah, Basrah, Iraq.

ANIMALS

'This study included both a biochemical and a genetic com-
ponent. The biochemical estimation, including the analy-
sis of fatty acids in milk, was conducted at the Ministry
of Science and Technology, Department of Environment
and Water. The genetic part was carried out in the genetic
engineering laboratory of the Department of Animal Pro-
duction, College of Agriculture, University of Basrah In
this study, 150 calves (75 local and 75 imported from Co-
lombia) from various local breeders in Basrah Governorate
were used.

DETERMINATION OF FATTY ACIDS IN MEAT

Fatty acids were extracted in the central chromatography
laboratory of the Department of Environment and Water,
Ministry of Science and Technology. The fatty acids in veal
meat (from the dorsal muscle, longissimus dorsi) were esti-
mated using HPLC and GC-MS according to the method
of Murrieta ez al. (2003).

GENETIC TESTS

'This part of the study was conducted in the molecular ge-
netics’ laboratory of the College of Agriculture, University
of Basrah. The procedure included denaturation at 95°C
for 5 minutes, denaturation at 95°C for 10 seconds, an-
nealing at 55-60°C for 20 seconds, and extension at 72°C
for 10 seconds (35 cycles). For the CAPN1 primer, the
sequences used were: forward 5'-AGG GTG TGA GTT
GCA AAC AG-3’and reverse 5'-AGA AGG CCA GGA
AGG CTA AC-3’ (Jakaria ez al., 2020). For the DGAT1
primer, the PCR cycling conditions were 94°C for 5 min-
utes, followed by 40 cycles of 92°C for 15 seconds, 60°C for
1 minute, and extension at 72°C for 10 seconds, with the
primer sequences being F5-CGC TTG CTC GTA GCT
TTG G-3’and R5’- CGC GGT AGG TCA GGT TGT
C-3’ (Barton e£ al., 2016).

Genetic formations were determined through sequencing
of the nitrogenous bases of the gene fragments. Samples
of 10 microliters were sent to the Korean company Mac-
rogen to obtain sequences of the nitrogenous bases for the
required gene fragments. Sequencing was performed for
the DNA strands of both the forward and reverse primers
for both genes.

'The PopGene program (Dar ez a/., 2020) was used to es-
timate F statistics, genetic diversity, fixation index, and

expected and observed heterozygosity. The POPGENE
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statistical program for population inheritance was used to
perform genetic analysis of the studied populations (local
and imported Colombian breeds). This included allele and
genotype frequencies, genetic composition, Hardy-Wein-
berg equilibrium test, heterozygosity ratio, and calculation
of genetic variation statistics (Nei, 1973; Xu, 2022) such as
the effective number of alleles (Kimura and Crow, 1964),
Shannon Index (Felsenstein, 1975), and FIS Fixation and
Statistics Index (Nei, 1973; Dar ef a/., 2020). All these cal-
culations were done within POPGENE program.

STATISTICAL ANALYSIS

Phenotypic traits of each genotype were statistically ana-
lyzed using the SPSS statistical program (2019). Breeding
values, dominant deviations, average dominance, average
gene replacement effect and their variation were estimated

as reported by Falconer (1981).
RESULTS AND DISCUSSION

ALLELE AND GENOTYPE FREQUENCY OF DGAT'1 AND
CAPNI1 GENE

Table 1 shows the frequency of alleles A and B with three
genotypes (AA, AB, BB) of the DGAT1 gene and two
alleles, C and G, with three genotypes (GG, CG, CC) of
the CAPN1 gene. The frequency of the AA, AB, and BB
genotypes of the DGAT1 gene was 0.73, 0.00, and 0.27
respectively in the local breed, and 0.33, 0.40, and 0.27 re-
spectively in the imported breed. The frequency of alleles
A and B was 0.73 and 0.27 in the local breed, and 0.53 and
0.47 in the imported breed, respectively. The distribution
of genotypes diftered between the two breeds, with the lo-
cal breed characterized by the absence of the heterozygous
genotype and a high frequency of the AA genotype, while
its frequency decreased in the imported breed (Table 1).

The frequency of the CC, CG, and GG genotypes of the
CAPNI1 gene was 0.40, 0.27, and 0.33 respectively in the
local breed, and 0.40, 0.33, and 0.27 respectively in the
imported breed. The frequency of alleles C and G was
0.67 and 0.33 in the local breed, and 0.57 and 0.43 in the
imported breed, respectively. The distribution of genetic
structures between the two breeds showed that both the
local and imported breeds had an equal frequency of the
dominant genotype (CC), with a higher frequency of the

GG genotype in the local breed compared to the imported
breed.

Statistical analysis of the distribution of numbers according
to different genetic types indicated that the local breed was
not in Hardy-Weinberg equilibrium, while the imported
breed was, according to the chi-square values of 16.37 and
1.90 for the two breeds, respectively, for the DGAT1 gene.
For the CAPN1 gene, both breeds were in Hardy-Wein-

berg equilibrium, with chi- square values of 3.74 and 3.73
for the local and imported breeds, respectively.

Table 1: Allele and genotypes frequencies of DGAT1 and
CAPNI1 genes in the studied sample.

Gene Geno- Local Imported Allele  Allele
types frequency frequency
(local)  imported
No Fre- NoFre- A B A B
quency quency
AA 55 0.73 25 0.33 0.73 0.27 0.53 0.37
AB 0 0 30 0.46 X2forlo- X?for
BB 20 027 20 027 c@lbreed imported
DGAT1 =16.37  breed
Total 75 1 75 1 (P<0.05)" =1.90
(P>0.05)
CC 30 040 30 0.40 0.67 0.33 0.57 0.43
CG 20 027 25 033 X?forlo- X?for
GG 25 033 20 027 calbreed imported
CAPNI =3.74 breed
Total 751 751  (#>005) =373
A (P>0.05)

* Significant at P<0.05; ¥: non-significant at P>0.05.

Table 2: Number of observed alleles (na), number of effective
alleles (ne) and Genetic variation criteria associated with the

DGAT1 and CAPN1 genes.

Parameter DGAT1 CAPN1
Im- Local Both Im-  Local Both
ported breeds ported breeds
Number of 2.0 2.0 2.0 2.0 2.0 2.0
observed alleles
(na)

Effective alleles 1.961 1.800 1.8967 1.9912 1.9912 1.9912
(ne)

Shannon Index 0.6365 0.6365 0.6657 0.6909 0.6909 0.6909
@
Observed

heterozygosity
(Ho)%

Expected
heterozygosity
(He)%

33.33 0.000 0.1667 26.67 26.67 26.67

50.80 45.98 48.08 51.49 51.49 50.62

NUMBER OF OBSERVED ALLELES (NA) AND NUMBER
oF EFFECTIVE ALLELES (NE) AND SHANNON INDEX

When analysing the genetic variation resulting from the
distribution of the genetic structures of the DGAT1 and
CAPN1 genes (Table 2) in both the local and imported
breeds, it was found that the two breeds were similar in
the number of observed alleles for both genes. The number
of effective alleles ne was calculated using the method of
Kimura and Crow (1964). The local breed showed a de-

crease in the number of effective alleles by 1.800 compared
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to the imported breed 1.9651 for the DGAT1 gene. The
number of effective alleles of the CAPN1 gene for the lo-
cal and imported breeds was equal at 1.9912. The effective
number of alleles indicates the number needed to achieve
Hardy- Weinberg equilibrium, reflecting the requirement
for a close number of alleles to achieve equilibrium in the
two groups of animals studied. Effective allele number is a
significant measure, takes into account allele frequencies
rather than just counting alleles. Population with highly
skewed allele frequency (extremely one allele abundant)
have low effective allele number (Kimura and Crow, 1964).
Effective number is a key predictor of genetic diversity, as
well as, higher value reflects higher heterozygosity, balance
allele frequency and better adaptation, in contrary low val-
ue produce allele fixation, losing heterozygosity and en-
hance extinction risk (Nei, 1973).

'The Shannon index (I), one of the diversity indicators used
to measure frequency in ordinal data (Felsenstein, 1975),
was slightly higher in the imported calf’s group (0.6842)
for the DGAT1 gene, while the Shannon index (I) of the
CAPN1 gene was similar for both local and imported
calves, reaching 0.6909. These results are not consistent
with Alfonso ez a/. (2012), who found that the value of the
Shannon index in American Suez cattle was 0.3762.

The Shannon Information Index (I) indicates the prob-
ability of uniformity to distinguish individual differences
(Paetkau e al., 1995). The Shannon-Weiner Index is a
useful tool for estimating genetic diversity in many stud-
ies. It can describe differences at various levels of genetic
organization, ranging from polymorphism to single nu-
cleotides, and has been widely used in studies related to
tribal genetics and genomics programs. Studies on genetic
diversity and variation quickly adopted the Shannon Index
(Peakall and Smouse, 2006; Yousief e£ al., 2023). Paetkau ez
al.(1995) demonstrated that the index considers all species
present in an ecosystem, regardless of the total number, and
whether it can differentiate between places dominated by a
single species, a few species, or a few dominant species. The
Shannon test could also be used in botanical and ecological
studies to determine the degree of variance.

PERCENTAGE OF OBSERVED AND EXPECTED
HETEROZYGOSITY

As for the observed heterozygosity, which indicates mating
between unrelated individuals or between males and fe-
males from different herds, there was a significant increase
in heterozygosity compared to homozygosity (Nei, 1973).
'The imported breed was characterized by a high percent-
age (33.33%) compared to the local breed (0.00), which
showed no allelic heterozygosity for the DGAT1 gene.
However, the difference was in the percentage of expect-

ed allelic mixing between the two breeds, with values of
50.80% and 45.98%.

'The heterozygosity rate in the local breed is low, indicating
a high presence of homologous genetic structures, suggest-
ing that relatives are mating within the same herd, which
increases the proportion of pure genetic structures. The
heterozygosity rate reflects the range of gene flow, with a
value of 0.00% indicating a decrease in the presence of ge-
netic structures from outside the studied herd, especially
in the local breed (Fis = 0.4643), where there is a high per-
centage of relative mating. The observed heterozygosity for
the CAPN1 gene in both the local and imported breeds
was similar (26.67%). The expected heterozygosity was also
similar (51.49%).

'The observed heterozygosity values are higher than the ex-
pected heterozygosity values in both the imported and lo-
cal calf groups for both genes. This indicates a high genetic
variation among individuals within the populations.

INBREEDING AND GENE FLOW

Table 3 shows the index of individual fixation (Fis) within
the population for the DGAT1 and CAPN1 genes (0.4643
and 0.6437, respectively). These positive values indicate
the presence of inbreeding. Our results differ from those
of Golijow ez al. (1999), who reported negative values of
-0.027 and -0.081 and FST values of 0.006 and 0.036 for
Argentine Holstein and Creole cattle breeds, respectively.

Table 3: Inbreeding Coefficient and Gene Flow of DGAT1
and CAPN1 Genes.

Locus Fis Fit Fst Nm
DGAT1 0.6437 0.6475 0.0106 23.3889
CAPNI1 0.6437 0.6475 0.0106 -

Mean 0.5512 0.5535 0.0052 48.2778

*Nm: Gene flow estimated from; Fst: 0.25(1 - Fst) *Fst.™!

'The Fis values (or expected inbreeding within the local and
imported calves) are greater than zero, indicating inbreed-
ing between animals. This is further supported by the ob-
served decrease in heterozygosity compared to the expect-
ed heterozygosity for the breed. The average fixation index
reflects the accumulation of genetic variation at specific
sites and breed equilibrium. Balanced populations tend to
have a low fixation index.

BREEDING VALUES AND DOMINANT DEVIATIONS OF
DGAT1 GENE

Positive breeding values were observed for genotypes AB,
BB (imported breed), and AA (local breed) for saturated
fatty acids (Table 4). These values were 0.206, 1.754, and
0.583, respectively. In contrast, the AA genotype in the
imported breed and BB genotype in the local breed had
negative breeding values (-1.342 and-1.575, respectively).
Similar trends were observed ~ for monounsaturated fat-

ty acids. Here, genotypes AB and BB (imported breed)

March 2025 | Volume 13 | Issue 1 | Page 204

Ools Links
“OResearchers



OPENaACCESS

Journal of Animal Health and Production

and AA (local breed) had positive breeding values (0.055,
0.470, and 0.155, respectively), while the BB genotypes in
both breeds had negative values (- 0.360 and -0.132). In-
terestingly, poly- and total unsaturated fatty acids showed
an opposite trend compared to saturated and monounsatu-
rated fatty acids. The AA genotype of the imported breed
appears favorable for improving polyunsaturated fatty acid
production. The AB genotype in the imported breed dis-
played negative dominance for saturated, polyunsaturated,
and total unsaturated fatty acids (-0.047,-0.103, and -1.02,

respectively).

Table 4: Genetic value, the average gene effect substitution
a, breeding value BV, and dominant deviation of DGAT1

gene, in local and imported calves’ meat

Breed  Genotypes G (] BV D

Saturated fatty acids

Imported AA -1.563 -1.550 -1.342 0.036
AB -0.096 0.206 -0.047
BB 1.563 1.754 0.062

Local AA 1.079  -1.079 0.583 0.00
BB -1.079 -1.575  0.00

Mono-unsaturated

Imported AA -0.415 -0.415 -0.360 -0.00037
AB 0.001 0.055 0.00049
BB 0.415 0.470 -0.00064

Local AA 0.287 -0287 0.155  0.00
BB -0.287 -0.132  0.00

Poly-unsaturated fatty acids

Imported AA -0.415 0.551 0.477  0.078
AB 0.001 -0.073  -0.103
BB 0.415 -0.623  0.134

Local AA 0.287 0.224 -0.121  0.00
BB -0.287 0.103 0.00

Total unsaturated fatty acids

Imported AA 0.523 0.135 0.117  0.078
AB -0.209 -0.018  -0.102
BB -0.523 -0.153  0.133

Local AA -0.224 -0.063 -0.029 0.00
BB 0.224 0.034 0.00

a: The average gene effect substitution; BV: Breeding
value; D: Dominance deviation; G: genetic value of Gene

(DGAT?I).

Similarly, the homozygous genotypes (AA and BB) in the
imported breed had negative values (-0.00037 and -00064,
respectively). Most other genotypes showed positive dom-
inance effects in both breeds for all fatty acids. In conclu-
sion, this gene appears to have both additive and dominant
effects. Allele A has a positive additive effect, while some
genotypes exhibit dominant effects, all of which can con-

tribute to improved meat quality. This information can be
valuable for breeding programs aiming to enhance fatty
acid profiles in meat. When a population in Hardy- Wein-
berg equilibrium there is a positive correlation between
breeding value and dominant deviation a cross QTL unless
there is a directional selection (Xiang ez a/., 2018).
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Figure 1: The relationship between genetic value, breeding
value (BV'), dominant skewness and genotypes of DGAT1

gene in local and imported veal meat.

Figure 1 shows that the BB genotype of the DGAT1 gene
of the imported animals shows positive values ranging
from 1.30 to 1.57 for both the dominance deviations of
saturated and polyunsaturated fatty acids and the genetic
values of saturated, monounsaturated and total fatty acids
as well as the breeding values of saturated and monoun-
saturated fatty acids. On the other hand, the same structure
showed negative values for both the dominance deviations
of monounsaturated and total fatty acids and the educa-
tional values of polyunsaturated and total fatty acids and
the genetic values of polyunsaturated fatty acids (-1.32 to
-1.64). While the same genotype (BB) of the same gene
(DGAT1) in the local breed behaved oppositely in local
animals compared to imported animals. Also, the genotype
AA of imported animals behaved oppositely to that of lo-
cal animals, as imported animals showed negative values
for the genotype AA for both the genetic values of mono-
unsaturated and total unsaturated fatty acids and saturated
acids, as well as the breeding values of monounsaturated
and saturated unsaturated acids and the dominance devia-
tions for monounsaturated and total unsaturated acids and
positive values in the rest of the traits (dominance devia-
tions for saturated and polyunsaturated fatty acids and the
breeding values for both polyunsaturated and total unsatu-
rated fatty acids and the genetic value of polyunsaturated
fatty acids) in contrast to the local breed. As for the hybrid
genotype (AB) of the local and imported breeds, the values
behaved similarly in most traits for both breeds together.
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Table 5: Genetic value, the average gene effect substitution
a, breeding value BV, and dominant deviation of CAPN1

Gene for local and imported calves’meat.

Breed Genotypes G o BV D

Saturated fatty acids

imported CC -1.499 -1.459 -0.539 -0.107
CG -0.289 0.204 -0.142
GG 1.499 1.663  -0.188

Local CC -1.840 -1.982 -1.308 0.091
CG 0.417 0.674  0.185
GG 1.840 2.656  -0.375

Mono- Unsaturated fatty acids

Imported CC -0.382 -0.384 -0.142 0.005
CG 0.013 0.054  0.006
GG 0.382 0.438  0.008

Local CC -1.162  -1.148 -0.757 -0.009
CG -0.042 0.390 -0.019
GG 1.162 1.538  0.038

Poly-unsaturated fatty acids

Imported CC 0.498 0.528 0.195 -0.080
CG -0.218 -0.074 -0.107
GG -0.498 -0.602  -0.141

Local CC 0.397 0.388 0.256  0.006
CG 0.027 -0.132  0.012
GG -0.397 -0.520 -0.024

Total unsaturated fatty acids

Imported CC 0.116  0.145 0.053  -0.076
CG -0.204 -0.020 -0.100
GG -0.116 -0.165 -0.133

Local CC -0.765 0.760  0.501  -0.003
CG -0.015 -0.258  -0.007
GG 0.765- -0.018 0.014

a =The average gene effect substitution, BV= Breeding
value, D= Dominance deviation, G= Genetic value of gene

(CAPN1).

Table 5 reveals that the dominant CC genotype in both
imported and local breeds exhibits negative breeding
values for monounsaturated fatty acids (- 0.539, -1.308)
and conversely, positive values for polyunsaturated and
total unsaturated fatty acids (0.195, 0.256, 0.053, and
0.501 for the two breeds and fatty acid types, respectively).

In simpler terms, animals with the CC genotype tend
to have lower levels of monounsaturated fatty acids but
higher levels of polyunsaturated and total unsaturated fat-
ty acids compared to the herd average. This suggests
that selecting individuals with the CC genotype could be
beneficial for breeding programs aiming to increase the
production of polyunsaturated fatty acids in meat.

It’s important to note that most dominance deviations for
the CAPN1 gene were negative across fatty acid

types and breeds. This requires further investigation
to understand the complete picture of gene dominance
for this particular gene.

PUSFA-D

R usra o

-0.69 0.13 USFA- BV
[*) ) [=) [®] [o )
e} [} ® o o o}
E E| 8 g 3 g

Figure 2: The relationship between genetic value, breeding
value (BV'), dominant skewness and genotypes of CAPN1

gene in local and imported veal meat.

Figure 2 shows the relationship between the genetic struc-
tures of the CAPN1 gene and the genetic and breeding
values and dominance deviations of the imported and local
strains. The genetic structure GG of the local strain showed
positive values in most of the traits ranging from 0.50 to
1.71 except for some that had negative values, which are
the genetic value of unsaturated fatty acids, the breeding
values of polyunsaturated and total fatty acids, and dom-
inance deviations of saturated fatty acids. As for the im-
ported animals, they behaved similarly in most of the traits
and different in others. As for the genetic structure CC of
the local animals, half of the traits had positive values (the
genetic value of polyunsaturated fatty acids, dominance
deviations of saturated, polyunsaturated and total fatty ac-
ids, and genetic values of total unsaturated acids) and the
rest of the traits had negative values. As for the imported
animals, most of the traits had negative values. The genetic
composition CG of the two strains (local and imported)
had opposite behaviors in all traits.

HERITABILITY OF FATTY ACIDS

Studies examining fatty acid composition in veal reveal
variations in heritability. Figure 3 shows heritability es-
timates for various fatty acids in local and imported veal
breeds, ranging from 0.09 to 0.47.This indicates a moder-
ate to high genetic influence on most fatty acids. However,
polyunsaturated fatty acids have a significantly lower herit-
ability (0.08), suggesting a stronger environmental impact.
'This aligns with research indicating cattle primarily obtain
polyunsaturated fats from their feed (Pitchford ez a/.,2002;
Ekine-Dzivenu ef al., 2014).
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Figure 3: Genetic equivalent and average saturated and
unsaturated fatty acids for local and imported veal meat.

These high values of heritability differ from what is found
in different studies because there are many environmental
factors, the method of calculation and different breeds. In-
oue e al. (2011) estimated heritability for individual fatty
acids to be 0.65- 0.82. Whereas, Oka ¢7 a/. (2002) estimat-
ed lower heritability (0.14 C 0.21) in Japanese beef cattle.
Differences in these estimates are difficult to reconcile be-
cause they include different breeds and production systems.

'The composition of fatty acids is associated with flavor and
taste of cattle meat (Chen ez a/., 2022). Thus, meat fatty
acids are one of the most important factors affecting the
quality of beef. Fatty acid composition is influenced by sex,
diet, and age (Huerta-Leidenz ez al., 1996; Xie et al., 1996;
Oka et al.,2002).

Estimates of phenotypic and genetic parameters of to-
tal fatty acid ratio of cows have been previously reported
(Saatchi ez al., 2013). To find out the genetic variation in
fatty acid content in beef, studies of genetic parameters
have been estimated where these parts are known to be de-

rived from different biological pathways and feed sources
(Wood ez al., 2008).

In general, heritability of short to medium-chain fatty ac-
ids that included 14:0 to 18:1 carbon atom was ranging
from 0.32 to 0.64. This is likely due to an increased genetic
contribution to the total variation of the synthesis of fatty
acids through the FASN, which produces mainly 16:0 and
14:0 carbon atoms (Wood ez /.,2008). The same study also
concluded that with increasing obesity, an increasing num-
ber of biological pathways are likely to be involved in the
regulation of adipose tissue formation, leading to a higher
genetic equivalent. For fatty acid classes, SFA showed a
heritability higher than 0.50, with MUFA showing 0.46.
While lower heritability estimate of fatty acids were found
by Inoue ez al. (2011); Nogi et al. (2011); Saatchi ez al.
(2013).

CONCLUSIONS AND
RECOMMENDATIONS

This study identified polymorphisms in two genes, each
with two alleles and several genotypes. Notably, the

AA genotype of the DGAT1 gene was associated
with higher levels of unsaturated fatty acids in meat. This
makes it a potential genetic marker for breeding programs
aimed at improving the fatty acid profile of meat. Fur-
thermore, the study revealed high heritability estimates for
saturated, monounsaturated, and total unsaturated fatty
acids. This suggests a strong genetic influence on
these traits, allowing for direct geneticimprovement
through selection of animals with favourable genotypes.
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