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Abstract. Calpain 1 (CAPNI) is an enzyme that influences meat tenderization, and it is involved in post mortem
proteolysis. The bovine CAPNI gene was chosen as a candidate gene for DNA sequencing to identify novel
single-nucleotide polymorphisms (SNPs) in exons 8—10 and assess their associations with meat quality in Bali
cattle. In an analysis of 95 Bali cattle, two novel SNPs (g.5327C >T and g.5959C>T) were identified in exons
and four novel SNPs (g.5534C>T, g.5807A>C, 2.5857G>A, and 2.5869T>C) were discovered in introns.
Allelic frequency was evaluated, and Hardy—Weinberg equilibrium was found for all SNPs in Bali cattle. The
marbling score and intramuscular fat content as determined by ultrasound were associated with g.5869T>C
and g.5959C>T. 2.5327C>T was associated with pH and meat color in Bali cattle, whereas two other SNPs
(g.5869T>C and g.5959C>T) were associated with Warner—Bratzler shear force and meat color. Furthermore,
2.5869T>C was associated with linolenic acid content, and g.5959C>T with caprylic and linolenic acid levels.
However, intronic SNPs (g.5534C>T, g.5807A>C, and g.5857G>A) did not significantly affect meat quality in
Bali cattle. Quantitative real-time PCR of liver tissue revealed that the mRNA expression of CAPNI significantly
differed (P < 0.05) among the CT, CC, and TT genotypes. The results suggest that genetic variability in loci
within CAPNI might be associated with meat quality in Bali cattle.

its delicious taste and desirable texture. Consequently, these

The market for high-yielding beef cattle breeds has been af-
fected by the recent large growth in the demand for beef,
which is a crucial source of protein (Smith et al., 2018).
Bali cattle is native Indonesian domesticated cattle (Martojo,
2012) that is used to produce good-quality meat. Bali cat-
tle exhibit an extremely close kinship with the banteng (Bi-
bos banteng), but they are distantly related to Bos taurus and
Bos indicus based on an analysis of the D-loop mtDNA gene
(Jakaria et al., 2019). The meat from Bali cattle is prized for

cattle are favored both by local farmers and consumers who
prioritize high-quality sustainable meat production. Bali cat-
tle have a compact body conformation with a carcass pre-
sentation rate of up to 56 % (Hafid et al., 2019). Bali cattle
can attain United States Department of Agriculture (USDA)
quality standards for beef at a relatively young age, namely
1.5-2.5 years, highlighting their efficiency in meat produc-
tion (Aditia et al., 2014). High production of class I back
cuts, especially cube roll and strip loin, can be achieved us-
ing Bali cattle (Aditia et al., 2014).
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The meat quality of Bali cattle has been improved through
enhanced management practices. One such strategy is cross-
breeding Bali cattle with other cattle, including Wagyu cat-
tle, to obtain combinations of beneficial genes to increase
livestock productivity and generate a new breed for long-
term production. Although crosses between Wagyu and An-
gus have been achieved (Liu et al., 2021), no crossbreeding
between Wagyu and Bali has been reported.

Meat quality has a significant impact on crucial aspects
of consumer acceptance, including the level of satisfaction
among consumers, producers, and the meat industry at large
(Khasrad et al., 2017). Meat quality indicators that signif-
icantly influence consumer acceptance include flavor, ten-
derness, marbling, and color, all of which have an impor-
tant economic value (Geletu et al., 2021). Therefore, improv-
ing the quality of Bali beef is essential for supporting food
security in Indonesia and ensuring the availability of high-
quality meat that can meet the needs of the population. Ac-
cording to Berry and Kearney (2018), environmental factors
such as feed quality, age at slaughter, management practices,
and processing at the time of slaughter affect meet quality
and genetic factors also have a significant influence on meat
quality. Many genes affect the quantitative characteristics of
meat. Selection based on phenotypic data is considered less
efficient because environmental influences are high. There-
fore, the marker-assisted selection method exhibits excellent
potential because of its time and cost efficiencies and high
accuracy (Nayak and Singh, 2017). In marker-assisted se-
lection, molecular markers are used to map and identify ge-
netic loci associated with traits of interest, thereby enabling
more precise and focused genetic selection. Screening poten-
tial parents based on genetic information can help minimize
environmental influences, increase selection precision, and
accelerate genetic progress (Goddard, 2009).

In recent years, several genetic markers associated with
variations in beef quality have been identified. Genome-wide
association studies have been conducted to identify putative
genes for meat quality. The proteolytic calpain system con-
sists of the genes calpain 1 (CAPNI) and calpastatin (CAST),
both of which required a high calcium concentration to func-
tion. Meat quality traits, particularly tenderness, are asso-
ciated with CAPNI (Mateescu et al., 2017). Myofibril pro-
teins are degraded by calpain through post mortem proteoly-
sis (Coria et al., 2018). Certain CAST enzymes suppress the
proteolysis of calpain, making it inactive when calcium is
present. Based on research conducted by Dairoh et al. (2021),
the CAPNI gene has been consistently demonstrated to af-
fect the meat quality of Bali cattle. In their study, six single-
nucleotide polymorphisms (SNPs) and eight indels in the
CAPNI gene were found to significantly affect variables re-
lated to meat quality, and these genetic variations were not
found in B. indicus or B. taurus (Dairoh et al., 2022).

This study investigated the effects of SNPs within the
CAPNI gene on meat quality in Bali cattle. Through an anal-
ysis of SNP genetic diversity and an examination of the asso-
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ciations of SNPs with meat quality traits, specific genotypes
influencing these aspects were identified. The second aim
was to determine the association of CAPNI gene expression
with tenderness and fatty acid composition in Bali cattle. The
findings of this research hold significant implications for the
advancement and selection of Bali cattle. These findings will
contribute to progress in genetic breeding practices aimed at
enhancing meat quality within the Bali cattle population.

2 Material and methods

2.1 Blood sampling

Blood samples from 95 Bali cattle were collected in Kupang,
East Nusa Tenggara province, Indonesia, and shipped to a
Basirih slaughterhouse. The cattle were slaughtered at the
Basirih slaughterhouse in south Banjarmasin, South Kali-
mantan province. Venoject was used to collect blood sam-
ples from the jugular vein of each animal, and samples were
stored in a 1.5 mL EDTA vacuum container. This experimen-
tal procedure was approved by the Animal Ethics Commit-
tee of the Banjarmasin City Food Security, Agriculture, and
Fisheries Service (approval no. 520/624/DKP3/X11/2021).
DNA extraction was performed at the Animal Molecular Ge-
netics Laboratory, Faculty of Animal Husbandry, IPB Uni-
versity. The DNA extraction method using the Geneaid kit
was used for extraction.

2.2 Marbling score and intramuscular fat measurement

A 7.1 MHz ultrasound transducer was used to measure the
marbling score and intramuscular fat content at the 12th—13th
rib position (Ulum et al., 2014; BIF, 2016). Sonograms of in-
tramuscular fat were obtained 3 d before slaughter. To pre-
pare for scanning, the skin of living Bali cattle was shaved.
Ultrasound gel was used to allow ultrasound waves to pass
from the probe to the tissue of the cattle. The images were
immediately processed on the monitor screen, and a picture
of the transversal intramuscular fat content was displayed.
Ultrasound images were saved and analyzed using Image]
software (NIH, Bethesda, MD, USA; Fig. 1). The Australian
Meat Standard was used to determine the marbling score.

2.3 Physical analysis

In total, 250 g of meat was taken from the tenderloin of 44
Bali cattle. The assessed physical characteristics included
pH, tenderness, cooking loss, color, and water-holding ca-
pacity (WHC). pH was analyzed using a calibrated pH me-
ter. For tenderness and cooking loss analysis, 100 g of meat
was boiled until the temperature reached 80 °C. Meat sam-
ples were treated with a 1.27 cm beef corer to make small
cuts and had their Warner-Bratzler shear force (WBSF) mea-
sured. The difference in weight between fresh and cooked
meat was used to calculate cooking loss. The meat color was
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Figure 1. The position of the muscle ultrasound measurement at the
12th—13th rib (1: longitudinal; 2: transversal) (a) and image analysis
using ImageJ software (b). (A: measurement area, 30 mm x 30 mm.)

analyzed using red litmus paper. The press method was used
to determine WHC. For the analysis, Whatman filter paper
was used. The wet area was the water area formed by the dif-
ference between the outer and inner circles absorbed by the
paper because of the clamping method.

2.4 Fatty acid analysis

Fatty acid composition was determined using the Associa-
tion of Official Analytical Chemists method (AOAC 2012).
A chloroform—methanol solution was used to extract lipids
from 40 g of meat. The recovered lipids were then transester-
ified to yield fatty acid methyl esters (FAMEs). The FAMEs
were extracted with hexane solution, centrifuged, and dried.
The resultant FAME products were dissolved in chloroform
solution before being filtered to eliminate undesirable chem-
icals using solid-phase extraction. One microliter of FAMEs
was placed in gas chromatography (GC) equipment. The iso-
lated fatty acids were identified and quantified by mass spec-
trometry. The retention time and peak were recorded for each
fatty acid component. Comparing the retention time to stan-
dards yields information on each fatty acid component. GC
was used to identify saturated, monounsaturated, and polyun-
saturated fatty acids.

2.5 Primer design and DNA amplification

CAPNI primer sequences were designed from exon 8 to
exon 10 using the GenBank sequence of the National Cen-
ter for Biotechnology Information (NCBI) (access code
AHO009246.3). The length of the primer sequences was de-
termined using the Primer3 and Primer-BLAST websites, a
Multiple Primary Analyzer, and Primary Stats software. The
primer sequences were as follows: forward 5'-GTG AAC
TAC CAG GGC CAG AT-3' and reverse 5'-TCG TAC AGG
GTG GTG TTC CA-3'. The PCR product was 763 bp in
length. The CAPNI gene was amplified using an AB Sys-
tem thermocycler and the following PCR conditions: prede-
naturation at 95 °C for 1 min; 35 cycles of denaturation at
95 °C for 15 s, annealing at 57 °C for 15 s, extension at 72 °C
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for 10s; and final extension at 72 °C for 3 min. PCR prod-
ucts were separated by 1 % agarose gel in electrophoresis and
examined using a UV Transilluminator (Bio-Rad, Hercules,
CA, USA).

2.6 DNA sequencing and genotyping

The amplification product was sequenced on an ABI PRISM
with the BigDye Terminator kit v3.1 by 1st Base Labora-
tory Services (Selangor, Malaysia). FinchTV, BioEdit, and
Molecular Evolutionary Genetic Analysis (MEGA X) were
used to analyze the sequencing results. The SNP positions
were named after the complete NCBI reference sequence cal-
culated from the first base of the CAPNI gene.

2.7 Extraction of total RNA and cDNA quantification

Total RNA was extracted from liver tissue using the RNeasy
Fibrous Tissue Mini Kit based on the association (SNP
2.5959C>T) with different meat tenderness and fatty acid
composition phenotypes of Bali cattle. RNA was extracted
from liver tissue as described by Khansefid et al. (2018).
The liver is a central organ responsible for glycogen pro-
duction and fatty acid metabolism. Meat tenderness is influ-
enced by the inherent qualities of the meat, particularly the
glycogen content. The liver is the primary organ for glucose
production, contributing 85 %-90 % of the body’s glucose
supply and storing glycogen to regulate blood glucose levels
(Bergman et al., 1974). The regulation of muscle glycogen
levels affects the meat’s ultimate pH, color, and tenderness
through post mortem glycolytic changes (Rosenvold et al.,
2001). Furthermore, fatty acid metabolism and synthesis are
predominantly orchestrated within the liver, which is pivotal
in lipid metabolism. This organ is responsible for synthesiz-
ing, catabolizing, and modifying fatty acids (Alves-Bezerra
and Cohen, 2017). Various enzymes and proteins involved in
fatty acid metabolism are synthesized in the liver, making it
a crucial organ for studying the genetic regulation of these
processes (Vallim and Salter, 2010). Therefore, it was rea-
sonable to assess gene expression utilizing liver tissue when
investigating tenderness and fatty acid composition pheno-
types along with their associated processes.

Three groups based on the genotypes at the SNP
2.5959C>T (CC, CT, and TT) were created to compare the
relationships of CAPNI gene expression with tenderness and
fatty acid levels. The ¢ test was performed using SAS statisti-
cal software (SAS Institute, Cary, NC, USA) to measure the
significance of differences among the three genotypes. Total
RNA was treated using RNase-Free DNase (Promega, Madi-
son, WI, USA), which was followed by RNA measurement
using a spectrophotometer. The Transcriptor cDNA Synthe-
sis Kit was used to convert RNA into cDNA. Using real-time
PCR, cDNA was used to calculate CAPNI gene expression.
Real-time PCR was performed with the SYBR Green mas-
ter kit and a reaction mixture containing 5 uL. of the master
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Table 1. Primer information for the bovine CAPNI gene and a housekeeping gene, S-actin.

No. Gene Primer sequences Amplified length (bp)
1 CAPNI  F: 5-TTTTCCGTGACGAGGCTTTC-3, F: 5’-GAGGGTGTCATTGAGGGTAA-3’ 227
2 B-actin  F: 5'-ATGATATTGCTGCGCTCGTG-3', R: 5'-GTGCTCAATGGGGTACTTGA-3’ 212

CAPNI: calpain 1; F: forward; R: reverse.

kit, 0.5 pL of the forward and reverse primers each (Table 1),
1 uL of sample cDNA, and 3 uL. of NFW. Each cDNA sam-
ple and nontemplate control were examined in a 96-well mi-
crotiter plate in each run. The gqRT-PCR machine was pro-
grammed to perform 5 min of predenaturation at 95 °C, 10s
of denaturation at 95 °C, 20s of annealing at 54 °C, 30s of
extension at 72 °C, and 5 min of final extension at 72 °C. All
samples were run in duplicate, and the target gene expres-
sion was normalized using the geometric mean of the house-
keeping gene, B-actin. cDNA was quantified using the AG
qTower Analytic Jena program (Listyarini et al., 2018).

CAPNI gene expression as determined by qRT-PCR was
based on the absolute quantification method. This method
utilizes a standard fluorescence curve to represent the num-
ber of cycles required for fluorescence to surpass the cy-
cle threshold (Ct). The recorded Ct during the exponential
amplification phase was used to calculate CAPNI gene ex-
pression (Fig. 2). This process involves comparing the sam-
ple CT to the standard curve, enabling the determination of
the relative concentration of the CAPNI gene in the tested
cDNA sample. Thus, the absolute quantification method al-
lows for the direct and accurate measurement of gene expres-
sion in analyzed samples (Gamal and Ibrahim, 2024). The
absolute quantification of gene expression by qRT-PCR was
performed using ACt expressed as a fold change, and the
housekeeping gene B-actin was used as the reference gene.
ACt was calculated by subtracting the Ct of the target gene
from that of the reference gene (Silver et al., 2006) as fol-
lows:

ACt = Ct target — Ct housekeeping gene.

2.8 Data analysis

CAPNI gene diversity was investigated using the POP-
GENE 1.32 program, allele frequencies, genotype frequen-
cies, observed and expected heterozygosity values, and
the Hardy—Weinberg balance approach. The general linear
model (GLM) method was used to investigate the relation-
ships of CAPNI genotypes with the marbling score, intra-
muscular fat content, physical traits, and fatty acid levels.
The mathematical formula for the GLM model is as follows:

Yij = u + Gi +eij,

where Yij is the phenotypic observation, w is the overall
mean, Gi is the genotype effect, and eij is the random error.
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3 Results and discussion

3.1 Newly discovered SNPs in the CAPN1 gene

Six SNPs were identified in the CAPN1 gene using the chro-
matograms of double peaks from sequencing data. Two SNPs
(g.5327C>T and g.5959C>T) were found in exons 8 and 10,
respectively, whereas four SNPs (g.5534C>T, g.5807A>C,
2.5857G>A, and g.5869T>C) were found in introns 8-9, as
indicated in Table 2. Five SNPs (g.5327C>T, g.5534C>T,
2.5857G>A, 2.5869T>C, and g.5959C>T) in the CAPNI
gene were transition mutations and one (g.5807A>C) was
a transversion mutation. These SNPs were entirely synony-
mous, causing no amino acid changes. However, no stud-
ies have explored the influence of these polymorphisms on
phenotypic traits. Direct DNA sequencing identified the six
CAPNI SNPs as novel variations located between exons 8
and 10. The variants were was identified in the Bali se-
quence by aligning them with the entire ensemble (ENSB-
TAG00000010230) sequence of the cattle CAPNI gene using
MEGA X software.

3.2 CAPNT1 gene polymorphism

Table 3 presents the allelic frequencies, genotype frequen-
cies, heterozygosity (expected heterozygosity, He, and ob-
served heterozygosity, Ho), and Hardy—Weinberg equilib-
rium of the CAPNI gene. All SNPs in the CAPNI gene
had three genotypes: AA, AB, and BB. All six discov-
ered SNPs were polymorphic, with minor allele frequen-
cies exceeding 5 % (Allendorf et al., 2013). According to
the genetic diversity analysis, the AA genotype was the
most common for g.5327C>T, g.5534C>T, g.5807A>C,
and g.5857G>A, whereas the BB genotype was the most
common for g.5869T>C and g.5959C>T. Heterozygosity
can be used to estimate a population’s genetic diversity.
Ho was higher than He for g.5869T>C and g.5959C>T.
This suggests the existence of high genetic heterogeneity at
specific loci (Fang et al., 2012). All SNPs in the CAPNI
gene were discovered to be in Hardy—Weinberg equilibrium.
The Hardy—Weinberg equilibrium test is used to determine
whether genotype proportions within a population remain
constant throughout generations (Waples, 2015). The Bali
cattle utilized in this investigation were obtained from breed-
ers who used no selection and who did not deviate from
the Hardy—Weinberg equilibrium (Garnier-Gere and Chikhi,
2013; Graffelman et al., 2017).
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Figure 2. Construction of a fluorescence standard curve to calculate cycle threshold values by qRT-PCR.

Table 2. SNP information of the CAPNI gene.

Gene SNP Location  Variation type = SNP database =~ Amino acids

CAPNI g.5327C>T Exon8 Transition Novel Asp/Asp
2.5534C>T Intron8  Transition Novel -
2.5807A>C Intron9  Transversion Novel -
2.5857G>A Intron9  Transition Novel -
2.5869T>C Intron9  Transition Novel -
2.5959C>T Exon 10  Transition Novel Asp/Asp

CAPNI: calpain 1; SNP: single-nucleotide polymorphism.

P =0.036
P >0.05
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Figure 3. CAPNI mRNA expression in liver tissue based on geno-
type (CC, CT, and TT). mRNA expression is presented as the fold
change using the S-actin gene as a reference. (CAPNI: calpain 1.)

3.3 Association of CAPN1 gene SNPs with marbling
and intramuscular fat

Table 4 displays the results of the associations of SNPs in
the CAPNI gene with the intramuscular fat percentage and
marbling score of Bali cattle. The phenotypes of intramuscu-
lar fat and marbling were determined using ultrasonic scan-
ning in Bali cattle. Two SNPs (g.5869T>C and g.5959C>T)
in the CAPN1 gene were significantly associated (P < 0.05)
with the intramuscular fat percentage and marbling score.

https://doi.org/10.5194/aab-67-311-2024

Marbling has been demonstrated to affect beef flavor, juici-
ness, tenderness, and visual qualities (Hwang et al., 2014;
Silva and Cadavez, 2012). It also has a high heritability of
0.56. According to Park et al. (2018), a significant positive
correlation (0.91) between tenderness and marbling supports
the idea that marbling-based selection can significantly in-
crease beef tenderness. Marbling is deposited within the en-
domysium, resulting in the weakening of the perimysial con-
nective tissue and a more tender product (Nishimura, 2010).
Prior studies demonstrated that several SNPs in the CAPNI
gene were significantly associated (P < 0.05) with intramus-
cular fat content and marbling scores in Hanwoo and Nellore
cattle (Cheong et al., 2008; Li et al., 2013). Previous research
found that the SNP g.232G>C in the 5 UTR of the CAPN1
gene is significantly associated (P < 0.05) with the marbling
score of Bali cattle (Dairoh et al., 2021). The findings con-
firm that genetic variants in CAPN] serve as possible markers
that can be used in breeding programs to selectively improve
marbling scores and intramuscular fat content in beef cattle,
positively contributing to beef quality.

3.4 Association of CAPN1 gene SNPs with physical
traits

The associations of CAPNI gene polymorphisms with phys-
ical traits were analyzed in Bali cattle (n = 44). The eval-
uated traits were pH, WBSEF, cooking loss, meat color, and
WHC. The results are presented in Table 5. g.5327C>T
in the CAPNI gene was significantly associated (P < 0.05)
with pH and meat color in Bali cattle. The association study

Arch. Anim. Breed., 67, 311-321, 2024
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Table 3. Allelic and genotypic frequencies and diversity parameters of SNPs in the CAPNI gene.

SNP N  Genotypic frequency Allelic frequency Ho He x2 test
AA AB BB A B

g5327C>T 95 0.64 032 0.04 0.80 0.20 0.316  0.322  0.033 ns
g5534C>T 95 0.69 029 001 0.84 0.16 0295 0.267 1.028 ns
g.5807A>C 95 0.64 034 0.02 0.81 0.19 0.337  0.309 0.804 ns
g.5857G>A 95 081 0.19 0.00 0.91 0.09 0.190 0.172 0.978 ns
g2.5869T>C 95 0.08 042 049 0.29 0.71 0.421 0.418 0.005 ns
g.5959C>T 95 0.08 041 0.1 0.29 0.71 0.411 0.414 0.005 ns

CAPNI: calpain 1; SNP: single-nucleotide polymorphism; AA: reference genotype (wild-type); AB: heterozygous genotype;
BB: mutant genotype; Ho: observed heterozygosity; He: expected heterozygosity; ns: not significant ( %2 test) < chi-squared

table (3.84: «0.05 df’s 2).

Table 4. Association of CAPNI gene SNPs with the marbling score and intramuscular fat percentage in Bali cattle.

SNP Genotype (n)

CC (58)
CT (29)
TT (4)

2.5327C>T

2.5534C>T CC (63)
CT (27)

TT (1)

2.5807A>C  AA(58)
AC (31)

CC(2)

2.5857G>A GG (73)

GA (18)

g.5869T>C  TT (8)
TC (39)

CC (44)

2.5959C>T CC(8)
CT (83)

TT (45)

MS IMF (%)
1484041 2514101
1.544+0.76  2.66+1.89
1424037  2.3640.93
1454039 2434098
1.624+0.78  2.854+1.95
1.21+ nc 1.83+ nc
1474140 2484101
1.56£0.74 2724185
1.3240.15  2.094+0.37
1484041  2.4941.03
1.604+0.89  2.804+2.23
1914128 3.5643.192
1.4140.36°  2.3340.89°
1.51+£0.44%  1.5641.09°
19241272 3.5943.172
1.3840.29 224 4+0.74°
1.53+£047° 2.6241.16°

CAPNI: calpain 1; MS: marbling score; IMF: intramuscular fat; nc: not counted.
2.b Means in the same column with different superscripts were significantly
different (P < 0.05). Values with the superscript # indicate different and higher
values compared to those with the superscript b,

revealed that g.5869T>C and g.5959C>T were significantly
associated (P < 0.05) with WBSF and meat color. Regard-
ing the SNP g.5959C>T of the CAPNI gene, Bali cattle with
the CT genotype had significantly lower WBSF than those
with the TT and CC genotypes (P < 0.05). Tenderness was
measured by shear force, with lower shear force values indi-
cating greater tenderness. According to these findings, Bali
cattle with the CT genotype of g.5959C>T were classified
as tender, whereas those with the TT and CC genotypes were
classified as harsh. Thus, the CT genotype is more desirable
for high-quality meat. Tenderness is an essential meat qual-
ity attribute because variations in tenderness are suggested
to influence consumers’ decision to repurchase meat (Maltin

Arch. Anim. Breed., 67, 311-321, 2024

et al., 2003). Several studies investigated the effect of genetic
markers in the CAPNI gene on beef tenderness (Tizioto et al.,
2013; Magalhaes et al., 2019; Bedhane et al., 2019). Previous
studies revealed that SNPs in the CAPN! gene are associated
with tenderness (Curi et al., 2010; Sun et al., 2018). There-
fore, these genetic markers might help select populations for
beef breeding.

Prior studies demonstrated that the activity of proteolytic
enzymes, including CAPN1 (also known as p-calpain), influ-
enced tenderness. Calpain can degrade muscle proteins such
as titin, nebulin, vinculin, and desmin, which play roles in
meat tenderness (Bhat et al., 2018). Calpain has greater abil-
ity to degrade the titin protein, which has a molecular weight

https://doi.org/10.5194/aab-67-311-2024
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Table 5. Association of CAPNI gene SNPs with physical traits in Bali cattle.

SNP Genotype (n) pH WBSF Cooking loss (%)  Color WHC
g.5327C>T CC (30) 5.60+0.11° 4.81+1.43 50.33+£9.55 3.004£0.03>  29.1241.95
CT (11) 5.68+£0.14%b 4944118 52.24+9.17 3.06+0.27° 28.57+2.62
TT (3) 5.77+0.082 397+1.19 45.68 £0.40 3.334+0.58% 3090+ 1.77
2.5534C>T CC(33) 5.62+£0.12 476 £1.42 49.87+£9.23 3.00£0.03 29.20£1.93
CT (10) 5.67+0.13 4.80+1.23 53.03+9.18 3.06£0.28 28.45+£2.72
TT (1) 5.694+ nc 5.30+£ nc 45.45+ nc 4.00=+ nc 31.81+nc
2.5807A>C AA (31) 5.60+0.12 4.75+1.45 50.18£9.43 3.00£0.03 29.10+1.91
AC (12) 5.69+£0.13 4.83+£1.19 51.70£8.91 3.05+0.26 28.86 £2.69
CC () 5.69+ nc 5.30+ nc 45.45+ nc 4.00+ nc 31.81% nc
2.5857G>A GG (34) 5.64+0.12 4.80+1.35 51.34+£9.68 3.04£0.23 29.09+£2.13
GA (10) 5.60+0.14 4.73+1.42 47.58 £6.57 2.99 £0.04 29.11£2.29
2.5869T>C TT (3) 5.69 +£0.06 6.05+1.56% 50.40+11.18 3.334+0.58% 28.98 +3.67
TC (19) 5.64+0.15 4.34+0.90° 48.52+7.52 3.03+£0.200  29.42+2.29
CC (22) 5.61+0.10 5.0041.53%P  52.19+10.20 3.00+0.02° 28.83+1.86
2.5959C>T CC(3) 5.69 +£0.06 6.05+1.56% 50.40+11.18 3.334+0.58% 28.98 +3.67
CT (19) 5.64+£0.15 4.34 40.90° 48.52+7.52 3.0340.20° 29424229
TT (22) 5.61+0.10 5.00+1.53%b  52.19+10.20 3.00+0.02° 28.83+1.86

CAPNI: calpain 1; WBSF: Warner—Bratzler shear force; WHC: water-holding capacity; nc: not counted. 2.5 Means in the same column with different
superscripts were significantly different (P < 0.05). Values with the superscript a indicate different and higher values compared to those with the superscript

(MW) of 2400 kDa, than it does to degrade titin, which has a
MW of 3700 kDa (Iwanowska et al., 2011). In addition, the
tenderness of meat can be influenced by pH and WHC dur-
ing post mortem examination. Strong evidence has revealed
that low pH post mortem was associated with pale meat and
poor WHC, resulting in poor meat quality and particularly
low tenderness. Rapid pH decline can cause proteolytic de-
naturation or autolysis, reducing tenderness (Santos et al.,
2016).

3.5 Association of CAPN1 gene SNPs with fatty acid
content in Bali cattle

The associations of CAPNI gene SNPs with the fatty acid
composition of Bali cattle were examined, as presented in
Table 6. Linolenic acid (C18:3n3) content was significantly
associated with the intronic SNP, g.5869T>C (P < 0.05).
Specifically, the linolenic acid (C18:3n3) content was sub-
stantially greater in Bali cattle with the CC genotype than
in cattle with the CT and TT genotypes. Linolenic acid
(C18:3n3) is an omega-3 fatty acid and an essential fat that
can only be obtained in food. Omega-3 fatty acids serve as
substrates for the production of longer-chain omega-3 fatty
acids, such as docosahexaenoic acid (C22:6 n-3) and eicos-
apentaenoic acid (C20:5 n-3), which are crucial for con-
trolling blood pressure, inflammation, immune responses,
brain development, and cognitive function (Sirot et al., 2008;
Whitmore et al., 2019). Furthermore, omega-3 fatty acids
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have been demonstrated to contribute to preventing cardio-
vascular disease, diabetes, hypertension, allergies, cancer,
renal disorders, and neural dysfunction and improving im-
mune responses (Sinclair, 2019; Sokota-Wysoczanska et al.,
2018; Djuricic and Calder, 2021). Previous research found
that SNPs in the exon 7 region of the CAPNI gene were as-
sociated with myristic, palmitic, linoleic, and linolenic acid
levels in Yanbian cattle (Xin et al., 2011). A previous study
also reported that several polymorphisms in the SCARBI1
and SREBF1 genes were significantly associated (P < 0.05)
with omega-3 fatty acid levels in Bali cattle (Dairoh et al.,
2023).

Furthermore, the current study observed significant asso-
ciations (P < 0.05) of the exon 10 SNP, g.5959C>T, with
caprylic acid (C8:0) and linolenic acid (C18:3n3) levels.
Caprylic acid (C8:0), a medium-chain fatty acid, has been
proven to reduce body weight while improving internal fat
accumulation and cholesterol metabolism (Rego-Costa et al.,
2012). Previously, Roopashree et al. (2021) indicated that
medium-chain saturated fatty acids are utilized to treat sev-
eral conditions, including high weight, high cholesterol lev-
els, cardiovascular diseases, and Alzheimer’s disease, and
used for their immunomodulatory effects. According to the
present study, beef cattle with desired SNPs in the CAPNI
gene might have high levels of fatty acids linked to selec-
tion. Furthermore, the newly discovered SNPs in these genes
can be a great source of knowledge for enhancing meat qual-
ity, especially regarding fatty acids. More research in larger
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Table 6. Association of CAPN1 gene SNPs with the fatty acid composition in Bali cattle.

2.5327C>T \ 2.5534C>T \ 2.5807A>C | 25857G>A | 2.5869T>C \ 2.5959C>T
Fatty acid cC CT T cC CT TT | AA AC cC| GG GA cC TC TT cc CT TT
composition  (29)  (11) 3| @2 o aO | Go 312 (1) ‘ (34) O) ‘ 22) (18) 3) 3 A8 (22
Fat content 333 280 374 | 336 272 377| 333 290 377 | 318 339 | 333 304 347 | 347 304 333
C8:0 007 006 008 | 004 013 000 | 004 011 000 | 004 011 | 002 006 033 | 033 006> 0020
C12:0 060 0.60 052 | 007 006 007 | 007 007 007 | 007 007 007 008 005 005 008 007
Cl13:0 21.09 2096 2321 | 003 003 003 | 002 003 003| 003 003 | 002 003 002] 006 009 0.0
C14:0 3215 31.54 3305 | 218 222 241 | 211 239 241 | 224 203 | 209 232 224 | 224 232 209
Cl4:1 042 038 045 | 028 027 005 030 024 005 | 030 019 | 033 025 004 | 004 025 033
Cl15:0 0.10 0.1 008 | 061 051 074 060 056 074 | 062 051 | 063 056 055 055 056 0.63
Cl16:0 0.09 0.09 008 | 21.33 2070 2223 | 21.15 2127 2223 | 21.06 21.74 | 20.50 21.94 22.00 | 22.00 21.94 20.50
Cl16:1 004 003 004 | 135 126 130 | 134 130 130 | 130 145 | 126 144 114 | 114 144 126
C17:0 006 003 005 | 206 18 173 | 207 19 1.73 | 190 243 | 192 209 219 | 219 203 192
Cl17:1 004 012 000 | 029 020 024 | 028 025 024 | 027 027 | 028 028 020 020 028 028
Cl18:0 0.02 0.4 003 | 3224 31.19 3419 | 3215 3159 34.19 | 31.79 3299 | 31.77 3213 33.56 | 33.56 32.13 31.77
C18:1n9t 207 178 1.89 | 3.3 254 346 | 298 303 346 | 308 271 | 307 294 286 | 286 294 307
C18:1n9¢ 031 026 030 | 11.77 13.40 1377 | 1174 1320 13.77 | 12.08 12,63 | 1231 11.52 1540 | 1540 1152 1231
C18:2n6¢ 134 214 145 | 187 156 191 | 190 153 191 | 173 205 | L71 197 139 | 139 197 171
C18:2n9t 11.64 1208 1506 | 0.14 004 002 | 013 008 002 | 012 007 | 015 009 002 | 002 009 0.15
C18:3n3 192 139 159 | 019 030 045 | 017 034 045 | 023 020 | 021° 0.19° 055 | 055 0.19° 021°
C18:3n6 001 005 002 001 000 003 001 000 003| 001 001 | 001 001 001]| 001 001 00l
C20:0 293 292 331 010 012 013 | 010 012 013 | 011 010 | 010 010 012 | 035 042 042
C20:1 0.18 037 016 | 035 024 008 | 037 021 008 | 031 038 | 033 036 004 | 004 036 033
C20:2 011 010 008 | 011 008 006 | 011 009 006/| 011 007 | 012 008 009 | 009 008 0.12
C20:3n3 011 011 013 | 010 012 019 | 011 011 019 | 011 010 | 011 011 010 | 010 0.11 0.1
C20:3n6 019 015 012 | 006 000 000 | 006 000 000| 004 006 | 006 003 000 | 000 003 006
C20:4n6 0.16 034 004 | 017 020 019 | 018 017 019 | 018 0.7 | 017 021 010 | 010 021 0.17
C20:5n3 000 001 001 | 017 013 000 | 016 015 000 | 017 011 | 015 018 000 | 000 018 0.15
C21:0 036 0.5 039 | 042 040 047 | 042 039 047 | 042 039 | 042 042 035 035 042 042
C22:0 013 007 009 018 016 023 | 019 015 023| 017 020 017 019 013 | 013 020 0.17
C23:0 000 002 001 | 009 009 011 | 009 009 011 | 010 007 | 010 009 006 | 006 009 0.10
C24:0 002 574 001 | 004 003 000 004 003 000 | 003 005| 004 004 001 | 001 004 004
C24:1 028 150 029 | 001 632 000 002 526 000 | 1.87 002| 001 352 000| 000 352 001
SFA 16.88 18.07 20.83 | 59.51 5432 62.38 | 59.16 56.05 6238 | 57.72 60.81 | 57.95 5833 61.67 | 61.67 60.93 57.95
MUFA 287 656 226 | 1720 1673 1895 | 17.02 1725 1895 | 1699 17.65 | 17.59 16.15 19.70 | 19.70 16.15 17.59
PUFA 1975 2463 23.10 | 2.82 383 285 | 283 364 285 | 3.2 283 | 269 3.64 225 | 225 364 269
UFA 57.88 5956  62.14 | 20.02 20.82 21.80 | 19.85 21.13 21.80 | 20.17 20.48 | 2028 19.88 21.95 | 21.95 19.88 20.28
T. fatty acid 7870 72.79 8523 | 79.39 7589 84.17 | 78.88 77.74 84.17 | 78.15 80.72 | 78.07 78.86 82.17 | 82.17 78.86 78.07

CAPNI: calpain 1; SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; UFA: unsaturated fatty acid; T. fatty acid: total fatty acid; nc: not counted. a.b Means in the same row with different superscripts were
significantly different (P < 0.05). Values with the superscript a indicate different and higher values compared to those with the superscript b.

populations and diverse settings is necessary to validate the
impact of the identified genetic variants.

3.6 Total mRNA expression of the CAPNT gene in Bali
cattle

CAPNI gene expression in liver tissue was classified ac-
cording to the CAPN1 g.5959C>T genotype. Tables 5 and 6
present the associations of g.5959C>T with WBSF and fatty
acid content. The statistical results in Table 7 indicate that
animals with the CT genotype had a higher mRNA expres-
sion than those with the CC genotype (P = 0.036), whereas
no difference was observed between the CT and TT geno-
types or between the CC and TT genotypes. The increase
in CAPNI gene expression for the CT genotype indicated
that muscle degradation was accelerated in Bali cattle, re-
sulting in a lower shear force value (greater tenderness). Co-
ria et al. (2020) found that greater shear force was associated
with reduced CAPNI gene expression. Previous research re-
vealed that the higher shear force of zebu meat was most
likely attributable to enhanced CAST expression rather than
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decreased expression of protease-encoding genes (Giusti et
al., 2013). The present study also found that the CT genotype
was associated with greater mRNA expression and decreased
accumulation of linolenic acid (C18:3n3) and caprylic acid
(C8:0). These findings indicate that the CAPNI gene might
influence meat quality and fatty acid content in Bali cattle.
This finding could be used in future studies to identify the
genetic basis for improved tenderization. Furthermore, the
degree of CAPNI expression under shear force needs to be
clarified in future research on diverse tissues and a greater
number of Bali cattle.

4 Conclusions

In this study, six new SNPs in the CAPNI gene were found
to be polymorphic in Bali cattle. SNPs g.5869T>C and
2.5959C>T were significantly associated with the intramus-
cular fat percentage, marbling score, WBSF, meat color, and
caprylic acid (C8:0) and linolenic acid (C18:3n3) content.
Some beneficial features were observed in animals with the
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Table 7. Average Ct, ACt, and ¢ test results for the CAPNI gene using the housekeeping gene S-actin in Bali cattle.

Genotype Ct ACt t test

CAPNI B-actin CCvs.CT CCuvs. TT
CC 31.60+1.58 2447+1.16 6.64+0.81 s ns
CT 3191+£1.50 21.93+£259 9.97+1.31
TT 3147+£1.53 24.14+£240 7.34£1.06

Ct: cycle threshold; ACt: delta cycle threshold; CAPNI: calpain 1; s: significant; ns: not significant.

CT genotype of the SNP g.5959C>T. The CT genotype was
linked to lower shear force (greater tenderness) and lower
caprylic acid content (C8:0). The findings for the CT geno-
type differed significantly from those for the CC and TT
genotypes. CAPNI gene polymorphisms could be used as
markers for the intramuscular fat percentage, marbling score,
tenderness, and fatty acid composition in Bali cattle.
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