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ABSTRACT. The objective of this study was to evaluate the associations between polymorphisms in the
calpain (CAPN) and calpastatin (CAST) genes with the performance, carcass quality and meat quality traits
of Nelore cattle. A total of 95 male Nelore cattle were used for the experiment. For molecular analysis,
genomic DNA was extracted from the muscle tissue of the animals, and the polymerase chain reaction—
single-strand conformation polymorphism (PCR-SSCP) technique was used to detect and identify the
following polymorphisms: three genotypes of the CAPN9 gene (exon 9), eight patterns in the CAPN14 gene
(exon 14) and four genotypes of the CAST5 gene (exon 5). The CAST5 genotype was associated with soluble
collagen content and the percentages of lauric (C12:0) and palmitic (C16:0) acids. The CAPN14 genotype affected
the final pH and moisture content of the Nellore cattle meat. CAPN9 gene polymorphisms were not associated
with the Nelore cattle parameters analyzed. The occurrence of CAST5 and CAPNI14 gene polymorphisms may
change the fatty acid profile and parameters associated with the quality of Nellore cattle meat.

Keywords: pH; collagen; fatty acids.

Received on February 20, 2024.
Accepted on November 14 2024.

Introduction

In Brazil, cattle herds are composed mostly of animals of Zebu origin, with Nelore animals being the main
representative. Nelore is the main breed used for industrial cross-breeding for meat production due to its
productive characteristics, adaptability and rusticity in a tropical climate through extensive, intensive or
confined systems, accounting for more than 90% of Brazilian purebred or crossbred animal herds (Magalhaes
et al., 2016). It is essential to analyze the presence of polymorphisms in genes that are associated with
performance parameters and carcass and meat quality for commercial breeds of cattle raised in Brazil, as it
contributes to genetic improvement programs assisted by molecular markers to identify animals with the best
traits for meat production. Such evaluations of different genes have shown the presence of genetic
polymorphisms and identified mutations and genotypes in the different breeds and their crosses, which
influence the phenotypic traits related to meat production by affecting the growth rate, muscle development
and lipid metabolism (Magalhaes et al., 2016; Kostusiak et al., 2023).

Among the genes evaluated, those associated with the calpain (CAPN) and calpastatin (CAST) complex
stand out, as previous studies have revealed the associations between the presence of polymorphisms and
tenderness indices in different cattle breeds (Parra-Bracamonte et al., 2015; Castro et al., 2016; Carvalho et
al., 2017; Lépez Rojas et al., 2017; Kok & Atalay, 2017; Lee et al., 2019; Zalewska et al., 2021; Pereira et al.,
2022) and changes in parameters associated with beef quality (Casas et al., 2004; Schenkel et al., 2006; Curi
et al., 2010; Upadhyay et al., 2021). Performance traits, such as intramuscular fat and carcass cover fat, also
determine the organoleptic traits that influence meat quality (tenderness, flavor and acceptability) and are
associated with the polymorphisms of these genes in different breeds, including Nellore (Pinto et al., 2010;
Melucci et al., 2012; Saucedo-Uriarte et al., 2024).

The gene that encodes calpastatin in cattle is located on chromosome 7 and is composed of 35 exons, while
the gene that encodes calpain in cattle is located on chromosome 29 (Smith et al., 2000; Corva et al., 2007;
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Curi et al., 2009). In the present study, the CAPN9 (exon 9) and CAPN 14 (exon 14) genes, which are related to
the calpain/calpastatin system, were found to be associated with subcutaneous fat thickness in Wagyu x
Limousin cattle according to Jiang et al. (2009); the water retention capacity of Nelore meat according to
Tizioto et al. (2013); and muscle color and meat marbling in Hereford cattle according to Melucci et al. (2012).
CAST5 gene (exon 5) polymorphism is associated with variations in beef tenderness and is considered a
genetic marker for this parameter (Curi et al., 2009).

Thus, the objective of this study was to verify the association of genotype based on polymorphisms of the
calpastatin (CAST5) and calpain (CAPN9 and CAPN14) genes with performance parameters, carcass traits and

parameters associated with meat quality (physical parameters, chemical composition and lipid profile) in
Nellore cattle.

Materials and methods

In this study, samples were collected from a bovine population of 95 male Nelore animals that were main-
tained in feedlots for 88 days and subsequently slaughtered. The samples were derived from animals receiving
two isonutrient diets (with and without cottonseed) formulated to meet the daily weight gain requirements
of the National Research Council (NRC, 2000), Table 1. This study was approved by the Committee for Ethics in
the Use of Animals (CEUA) of the UFLA under registration number 040/12. The animals were weighed at the
beginning and end of the confinement period to determine the initial and final weights, and the average daily
gain (ADG) was also determined.

Table 1. Composition of cattle’s diet during the experimental period (Esteves et al., 2017).

. Diets (%Dry matter)
Product/Ingredient Control Cotton Seed
Corn 45.76 52.91
Soybean meal 7.87 2.00
Premix 3.93 3.82
Whole cottonseed - 15.90
Soybean peel 10.00 10.00
Silage Mombasa - 15.37
Silage Sorghum 32.44 -
Calculated Composition

DM (%) 65.88 75.59

OM (%DM) 92.36 92.23
TDN (%DM) 70.72 73.23
ME (Mcal kg™) 2.60 2.70
CP (%DM) 11.32 11.60
MM (%DM) 3.71 3.95
Ca (%DM) 0.20 0.19

P (%DM) 0.24 0.30

EE (%DM) 3.03 5.72
NDF (%DM) 33.07 33.02
NEC (%DM) 46.54 4453

*Assurance levels (per kg of product): Calcium (min) 118.00 g kg™!; Calcium (max) 145.00 g kg™'; Phosphorus (Min) 96.80 g kg™!; Sulphur (Min) 38.00 g kg™';
Cobalt (min) 66.00 mg kg™'; Copper (min.) 1810.00 mg kg™'; Iron (Min.). 2846.00 mg kg™!; Iodine (min). 89,50 mg kg™!; Manganese (min) 1774.50 mg kg'};
Selenium (Min.) 14.90 mg kg™!; Zinc (min) 4298.50 mg kg™'; Fluorine (max) 968.00 mg kg™'. DM: Dry matter; OM: Organic matter; TDN: Total digestible

nutrients; ME: Metabolizable energy; CP: Crude protein; MM: mineral matter; Ca: Calcium; P: Phosphorus; EE: ethereal extract; NDF: neutral detergent
fiber; NFC: non-fiber carbohydrates.

The animals were slaughtered after 12 hours of solid fasting under humane conditions (Brasil, 2021), and
the carcasses were cooled for 24 hours at + 1°C and then weighed to determine the cold carcass weight (CCW)
and cold carcass yield (CCY). The left side of each carcass was then cut at the 12 rib to measure the rib eye
area (REA) and subcutaneous fat thickness (SFT) in the longissimus thoracis muscle. After the measurements
were taken, the muscle samples were collected, packed in polyethylene film, identified and frozen at -18°C for
transport and subsequent analyses of the molecular and physicochemical parameters, chemical composition
and fatty acid profile.

For the genetic evaluation, genomic DNA was extracted from muscle samples collected according to the
CTAB protocol for DNA extraction described by Stefanova et al. (2013). The concentration and purity of the
extracted DNA were quantified by measuring the absorbance at 260 nm (A260) and 280 nm (A280) with a
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NanoDrop ND-1000 ultraviolet/visible (UV/Vis) spectrophotometer. The samples were diluted with sterile
water to obtain the final desired concentration of 10 ng DNA uL-'. Then, the integrity gel was prepared, and
the excellent quality of the genomic DNA was confirmed.

For DNA studies, primers were designed for the genes evaluated, as follows: CAPN9 (exon 9) (500 bp) forward
(5'GGACTCAGGCTTGAACAGAGG3') and reverse (5GCATGAAGTCTCGGAAGGA?3') (60°C); CAPNI14 (exon 14) (593
bp) forward (5'GTAGAAAGCCCTCCCCTGTC3') and reverse (5 TCAGAGCCTCACTCTCCTCA3) (61°C); and CASTS
(exon 5) (393 bp) forward (5'GGATTATTATCAACCAGACACCAAC3') and reverse (5'CAATACCTGCTGATGCCACA3))
(61°C) using a software tool available online (http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi)
and according to the procedures described by Couto et al. (2022) for the polymerase chain reaction-single-strand
conformation polymorphism (PCR-SSCP) technique.

Meat quality was evaluated by measuring the following parameters after cooling: final pH (24h), using a
peagameter with a penetration probe (Hanna Instruments, HI 99163, Romania); color, using a colorimeter
(Konica Minolta CM-700, Singapore) operating in the CIEL*a*b* system with an illuminator D65, observer
angle of 10° and specular mode excluded (SCE), to obtain the lightness (L *), redness (a*) and yellowness (b*)
indices, the saturation index (C*) and the hue angle (h*) according to the methodology of Ramos and Gomide
(2017); coking loss (CL), by determining the difference in weight after cooking the samples on an electric plate
until reaching a temperature of 72°C American Meat Science Association (AMASA, 1978); and shear force (SF),
which was determined from cooked samples that had been cut into pieces (1.0 x 1.0 cm) in the longitudinal
direction of the muscle fibers and using a texturometer with a Warner-Bratzler probe (Chrystall & Devine,
1991). In addition, the myofibrillar fragmentation index (MFI) was evaluated on days 1 and 21; the soluble and
insoluble fractions were determined; and total collagen was quantified according to the procedures described
by Ramos and Gomide (2017). The chemical composition of the meat was evaluated by determining the
moisture, protein, ether extract and ash contents Association of Official Analytical Chemists (AOAC, 1990).

To analyze the fatty acid profile, the lipids were extracted according to the methodology of Folch et al.
(1957) and esterified according to Hartman and Lago (1973), as modified by Maia and Rodrigues-Amaya (1993).
Fatty acid analysis was performed by gas chromatography on a Shimadzu CG 2010 gas chromatograph (Agilent
Technologies Inc., Palo Alto, CA, USA) equipped with a flame ionization detector, a 1:50 split injector and a
Supelco capillary column (SPTM-2560, 100 m = 0.25 mm x 0.20 um; Supelco Inc., Bellefonte, PA, USA). The
chromatographic temperature conditions were as follows: an initial temperature of 140°C for 5 min., and
increasing at a rate of 4°C min.- to 240°C, where it was maintained for 30 min. for a total run time of 60 min.
The injector and the detector were both maintained at a temperature of 260°C. Helium was used as the carrier
gas. Fatty acids were identified by comparing their retention times to those of the SupelcoTM37
chromatographic standard FAME Mix® (Supelco Inc., Bellefonte, PA, USA) and are expressed as a percentage (%)
of the total fatty acids identified.

To verify the association between the polymorphism of each gene and the studied parameters, the genes
and their respective genotypes were considered fixed effects. Diet (with and without the use of cottonseed)
and animal age (groups of animals aged 13 to 24 months, 25 to 36 months and 37 to 48 months) were included
as random factors. Each sample was considered an experimental unit for evaluating the associations between
the genotypes of the genes and the parameters evaluated. The data were analyzed using the GLM procedure
in SAS (2011), and genotypes were associated with the studied parameters according to the F test (a=0.05).
The means were compared via Tukey's test (p=0.05). All evaluated variables were tested for normality using
the Shapiro-Wilk test before analysis, and any variable that did not show a normal distribution was
transformed using the SAS RANK procedure (2011).

Results

The PCR products of the genes CAPN9, CAPN14 and CAST5 were subjected to gel electrophoresis, and the
DNA fragments were separated according to size, i.e., DNA fragments of the same length formed a single band
with the same size in the gel for each specific gene. Therefore, these fragments were used directly for PCR-
SSCP analysis. Among the samples analyzed from the animals in the present study, Couto et al. (2022) reported
the presence of three genotypes (AC (n=53), BC (n=3) and AA (n=39)) and three alleles with frequencies (f(C)
values) of A (0.6665), B (0.3050) and C (0.0285) for the CAPN9 gene, while for the CAPN14 gene, they reported
eight genotypes (AG (n=15), EF (n=11), AC (n=14), BB (n=14), CE (n=14), DG (n=4), AH (n=5) and BI (n=18))
with nine different f(C) alleles: A (0.1880), B (0.1880), C (0.1600), D (0.0220), E (0.1435), F (0.0610), G (0.1050),
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H (0.0275) and I (0.1050). According to these authors, two polymorphisms were identified for the CAPN9 gene
(c.5861G>A and ¢.5498A>G) and CAPN14 (c.11054 T>C and c.11161C>G). For the CAST5 gene, these authors
reported the presence of four genotypes (BC (n=20), AC (n=53), BD (n=8) and EE (n=14)) with five f(C) alleles
(0.3772), B (0.1363), C (0.3772), D (0.0410) and E (0.0682)) and four polymorphisms (c.29919C>T; c.29963A>
C; ¢.29978C>A; and ¢.30019G>T). Thus, based on these previous results, we sought to identify which genotype
of each gene could influence the parameters studied.

Statistical analysis revealed no associations between the genotypes identified for each gene and the perfor-
mance and carcass parameters of the Nellore cattle (Table 2). Regarding the physicochemical properties and chem-
ical composition of the meat, the CAST5 gene influenced the soluble collagen content (p=0.019), while the CAPN 14
gene influenced the final pH (p=0.022) and collagen and moisture contents (p=0.004), Table 3. For the CAPN9 gene,
no associations were observed between any of the genotypes found and the parameters evaluated.

Table 2. Statistical analysis of the performance parameters and carcass composition of Nelore cattle as a function of the CAPN9,

CAPN14 and CAST5 genes.
Parameters CAPN9 CAPN14 CAST5
Mean SEM P value* Mean SEM P value* Mean SEM P value*

Initial weight (kg) 396.8 32.6 0.372 385.2 28.6 0.813 386.2 20.2 0.937
Final weight (kg) 539.1 42.0 0.784 528.2 36.2 0.370 530.3 25.4 0.390
ADG (kg day™!) 1.6 0.1 0.672 1.6 0.2 0.260 1.6 0.1 0.367
CCW (kg) 287.9 24.2 0.807 283.1 20.8 0.520 284.8 14.6 0.688
CCY (%) 53.3 1.0 0.943 53.5 0.9 0.854 53.7 0.6 0.473
REA (cm?) 73.0 6.6 0.652 70.1 5.7 0.217 71.6 4.0 0.288
SFT (mm) 6.3 1.6 0.839 6.6 1.3 0.297 6.6 1.0 0.938

*F test (a=0.05); SEM - standard error of the mean; CCW - cold carcass weight; CCY - cold carcass yield; REA - rib eye area; SFT- subcutaneous fat thickness.

Table 3. Statistical analysis of the quality parameters (physicochemical and centesimal composition) of meat from Nelore cattle as a
function of the CAPN9, CAPN14 and CAST5 genes.

Parameters CAPN9 CAPN14 CAST5
Mean SEM P value* Mean SEM P value* Mean SEM P value*
Physicochemical
pH 5.7 0.16 0.306 5.6 0.13 0.022 5.7 0.102 0.362
L* 27.1 2.18 0.238 27.0 1.81 0.088 26.4 1.391 0.889
a* 18.1 2.42 0.479 18.3 2.10 0.902 17.9 1.367 0.225
b* 16.9 1.59 0.123 17.0 1.39 0.671 16.5 0.994 0.135
c* 24.8 2.78 0.319 25.0 2.42 0.860 24.4 1.720 0.177
h* 43.1 1.89 0.651 42.9 1.63 0.702 42.9 1.193 0.909
CL (%) 29.8 8.60 0.077 31.9 7.41 0.559 32.0 5.321 0.424
SF (kgf) 114 1.97 0.542 114 1.71 0.763 11.2 1.242 0.667
MFIT1 496.1 29.88 0.444 490.5 25.25 0.379 499.1 18.746 0.750
MFI T21 427.5 30.45 0.750 429.8 25.78 0.482 437.3 18.596 0.146
SCC 0.3 0.09 0.636 0.3 0.08 0.507 0.3 0.056 0.019
ICC 1.8 0.69 0.560 1.7 0.59 0.916 1.8 0.432 0.830
TCC 2.1 0.72 0.885 2.0 0.63 0.989 2.1 0.453 0.681
Centesimal composition (%)
Ash 1.3 0.15 0.591 1.3 0.13 0.619 1.3 0.095 0.248
Moisture 75.2 0.55 0.859 75.2 0.43 0.004 75.3 0.339 0.253
Ethereal Extract 3.2 0.63 0.849 3.2 0.54 0.778 3.1 0.390 0.270
Protein 18.0 0.96 0.770 18.1 0.79 0.178 17.9 0.601 0.715

*F test (a=0.05); SEM - standard error of the mean; SF - shear force; CL - cooking loss; L* - lightness index; a*, redness index; b*, yellowness index; c*,
saturation index - chroma; h* - hue angle; MFI T1, myofibrillar fragmentation index at time 1 day; MFI T21 - myofibrillar fragmentation index at 21 days;
TCC - total collagen content (mg g™); ICC - insoluble collagen content (mg g™); SCC - soluble collagen content (mg g™).

The evaluation of the lipid profile revealed that there was an association between the genotypes of the CAST5
gene with the fatty acids lauric acid (C12:0) (p=0.006) and palmitic acid (C16:0) (p=0.032) (Table 4). However, no
associations were found between the presence of polymorphisms of the other genes and the fatty acid profile.

For the CAST5 gene, the animals that presented the highest soluble collagen contents were identified to
have the BC genotype, while the lowest soluble collagen contents were found with the BD, and AC and EE
genotypes had intermediate results. For this gene, the EE genotype presented the highest contents of C12:0
and C16:0 fatty acids, while animals with the BC and AC genotypes had lower mean levels of C16:0, and lower
values of C12:0 were observed with the BC and BD genotypes (see Table 5).
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Table 4. Statistical analysis of the influence of genotype the of CAPN9, CAPN14 and CAST5 genes on the fatty acid profile of meat from
Nelore cattle.

Fatty acids (%) CAPN9 CAPNI14 CAST5
Mean SEM P value* Mean EPM P value* Mean EPM P value*

C10:0 0.10 0.04 0.182 0.09 0.03 0.285 0.10 0.02 0.250
C12:0 0.10 0.02 0.546 0.10 0.02 0.835 0.11 0.01 0.006
C14:0 2.40 0.28 0.848 2.43 0.24 0.815 2.51 0.17 0.147
Cl4:1 0.41 0.08 0.753 0.40 0.07 0.518 0.43 0.05 0.314
C15:0 0.33 0.05 0.875 0.33 0.04 0.675 0.34 0.03 0.149
C16:0 24.49 0.54 0.667 24.46 0.45 0.264 24.66 0.32 0.032
Cl6:1 3.00 0.20 0.516 2.96 0.17 0.522 3.00 0.13 0.841
C17:0 0.91 0.09 0.821 0.90 0.08 0.895 0.92 0.06 0.346
C17:1 0.68 0.08 0.837 0.68 0.07 0.911 0.68 0.05 0.358
C18:0 14.93 1.69 0.833 15.06 1.46 0.961 15.26 1.06 0.897
C18:1w9t 1.73 0.34 0.649 1.66 0.29 0.933 1.71 0.21 0.412
C18:1w9¢c 39.92 1.75 0.649 39.46 1.47 0.472 39.44 1.10 0.731
C18:2wb6t 0.11 0.02 0.983 0.11 0.02 0.980 0.11 0.01 0.911
C18:2wb6C 8.72 2.59 0.911 9.15 2.22 0.948 8.55 1.62 0.615
C20:0 0.15 0.01 0.889 0.15 0.01 0.773 0.15 0.01 0.372
C18:3w6 0.03 0.01 0.383 0.03 0.01 0.343 0.03 0.01 0.085
C20:1 0.31 0.07 0.784 0.31 0.06 0.335 0.30 0.04 0.767
C18:3w3 0.50 0.08 0.767 0.51 0.07 0.959 0.51 0.05 0.626
C20:2 0.18 0.06 0.918 0.17 0.05 0.349 0.18 0.04 0.707
C20:3w6 0.15 0.04 0.937 0.15 0.03 0.953 0.15 0.02 0.881
C22:1w9 0.01 0.06 0.473 0.02 0.05 0.208 0.01 0.86 0.508
C20:4w6 0.56 0.17 0.356 0.58 0.15 0.370 0.58 0.11 0.524
C20:5w3 0.13 0.05 0.632 0.13 0.05 0.835 0.13 0.03 0.235
SFA 43.53 2.29 0.791 43.66 1.99 0.938 4417 1.42 0.453
MUFA 46.07 1.94 0.421 45.49 1.65 0.615 45.57 1.22 0.846
PUFA 10.38 2.72 0.878 10.83 2.35 0.971 10.24 1.70 0.684
Yw3 0.63 0.11 0.942 0.64 0.09 0.951 0.64 0.07 0.856
>wb 9.58 2.66 0.899 10.02 2.29 0.968 9.42 1.66 0.644

*F test (a=0.05); SEM - standard error of the mean; SFA - sum of total saturated fatty acids (%); MUFA - sum of total monounsaturated fatty acids (%); PUFA
- sum of total polyunsaturated fatty acids (%); Y3, sum of total omega 3 series fatty acids (%); Y w6, sum of total omega 6 series fatty acids (%).

Table 5. Physicochemical parameters, centesimal composition and lipid profile as a function of CAST5 and CAPN14 genotypes.

. CAST5 genotype *
Variable BC DB CA EE
ScC 0.406a 0.213b 0.308ab 0.303ab
C12:0 0.09b 0.09b 0.10ab 0.14a
C16:0 24.38b 24.50ab 24.49b 25.26a
. CAPN14 genotype *
Variable AC AG AH BB BI CE DG EF
pH 5.54b 5.58ab 5.45b 5.75ab 5.70ab 5.56ab 5.55ab 5.87a
Moisture 74.38b 74.93ab 75.30ab 75.65a 75.57a 75.01ab 75.40ab 75.44ab

*Tukey's test (a=0.05); CAPN14 - effect of genotype on the CAPN14 gene; CAST?5 - effect of genotype on the CAST5 gene; SCC - soluble collagen content (mg g).

For the calpain gene (CAPN14), the animals that presented the highest mean final pH were identified as
having the EF genotype, while the AC and AH genotypes had lowest pH values. The highest moisture content
in the meat was found with the BB and BI genotypes, and the lowest moisture content was found with the AC
genotype (Table 5).

Discussion

The results of the present study indicate the presence of polymorphisms and the formation of genotypes
for the genes studied in Nelore cattle, which confirms the results found in the literature for cattle of different
genetic groups and breeds (Xin et al., 2011; Avilés et al., 2013; Li et al., 2013; Blecha et al., 2019).

Considering the results for the CAPN9 and CAPN14 genes for the animals in the present study, it would be
possible to find more genotypes and alleles (Couto et al., 2022). This finding differs from the results previously
reported for the CAPN14 gene by Trujano-Chavez et al. (2021) for Braunvieh animals with two genotypes and
two alleles, one of which had a frequency of 0.93, and the report of Carvalho et al. (2017), who also found only
two genotypes and two alleles with frequencies of 0.9917 and 0.9261 for the CAPN9 and CAPN 14 genes in the
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Nelore cattle population. For the CAPN9 gene in Aceh cattle, Rosa et al. (2020) reported a similar result to that
in the present study, with the presence of polymorphisms and the formation of three genotypes from two
alleles with a higher prevalence of 0.86. Thus, it appears that for these genes, unlike previous data in the
literature that indicated a higher rate of homozygosity, in the population of Nelore cattle studied, there was
greater genetic variation, with eight genotypes for CAPN14, three for CAPN9, and one for which the number
of alleles did not demonstrate an individual frequency above 0.70.

Despite the low genetic variation in calpain genes being observed in other cattle populations, the influence
of the identified genotypes on certain meat quality parameters in the longissimus dorsi muscle has been
reported, such as the color indices L# a* and b* and marbling in Hereford cattle for the CAPN9 gene (Melucci
et al., 2012); marbling and intramuscular fat content of Bali cattle for the CAPN1 gene (Dairoh et al., 2020);
and the association between CAPN14 gene polymorphism and meat color in terms of the a* (Castro et al., 2016)
and b* values (Ribeca et al., 2012).

In the present study, an association was observed between CAPN14 genotype and the final moisture and
pH value of meat from the studied population of Nelore cattle. Xin et al. (2011), evaluating CAPN gene
polymorphisms (exon 17) in Chinese cattle, reported similar results, with an association of the AA genotype
with lower pH values (5.45) at the beginning of maturation in the post mortem period (0, 1, and 3 days) and
genotype BB, which had a higher pH value (5.64) after 7 days of storage. The rate of decrease in muscle pH is
one of the most important factors that affects meat tenderness, as it influences post mortem proteolysis. Meat
with an intermediate pH (5.8 < pH <6.2) has a lower rate of tenderization, probably because of the reduced
degradation of myofibrillar proteins, which is associated with a reduction in calpastatin activity and greater
calpain activation (Hwang & Thompson, 2001; Contreras-Castillo et al., 2016). Although there was no change
in the meat tenderness or fragmentation index in the present study, the difference in pH values between
animals was greater than 5%, which could influence other quality parameters, especially color, which is the
main attribute of consumer choice (Weglarz, 2010). This was verified by Ribeca et al. (2012) in Piemontese
cattle in terms of water holding capacity and color.

Likewise, lower pH values may cause more water flow out of the muscle due to the reduction in isoelectric
point, promoting the reduction in the space between actin and myosin and promoting greater exudation. Here,
the animals with the AC genotype had lower pH values and a lower moisture content in the meat. Thus, vari-
ations in this parameter could also cause changes in meat juiciness due to reduced water retention in addition
to the greater water loss that occurs during the preparation process (Warner, 2017).

However, some authors have found an association between genotypes derived from polymorphisms of cal-
pain genes and the meat tenderness indices of Nelore (Pinto et al., 2010) and Creole (Saucedo-Uriarte et al.,
2024) cattle. However, in the present study, this association was not observed, which is similar to what was
reported by Leal-Gutiérrez et al. (2018), despite the presence of polymorphisms in both genes in cattle from
the crossing of Angus and Brahman.

Regarding the performance and carcass parameters, no associations were detected between the identified
genotypes of the calpain genes CAPN9 and CAPN14 and these parameters, which was also observed by Dairoh
et al. (2021) in relation to ADG, ribeye area and subcutaneous fat thickness of Bali cattle.

In the studied cattle population, polymorphisms were observed, as was the formation of distinct genotypes
for the calpastatin gene (CAST5), which has been reported for other cattle breeds and sheep by Kaplan and
Atalay (2017). Similar to findings reported by other authors, in the present study, associations between CAST5
gene genotype and tenderness index (Curi et al., 2009b; Leal-Gutiérrez et al., 2018), parameters of the carcass
(ribeye area and subcutaneous fat thickness), chemical composition (intramuscular fat content) or meat ten-
derness for Nellore cattle and their crosses (Curi et al., 2009b) were not observed.

An association between CAST5 gene genotype and lauric (C12:0) and palmitic (C16:0) acids was observed.
Similar observation was also noted by Dunner et al. (2013), who reported an association between the CAST
gene and the total C16:0 and C18:0 fatty acids in cattle of European origin from 15 different crosses. Li et al.
(2013), who evaluated the association between single-nucleotide polymorphism (SNPs) of the CAST gene
(intron 3) with meat quality traits of Yanbian cattle, found an effect on the fatty acid content, in which the AA
and BB genotypes had higher levels of palmitic (C16:0) and linoleic acids (C18:2w6). Aali et al. (2017), who
assessed the relationship between the calpastatin gene (CAST - intron 5) and the fatty acid profile in Iranian
sheep breeds, also identified an association between the genotype of this gene and the palmitic acid content
(C16:0) in the longissimus dorsi muscle. According to these authors, the association of the calpastatin gene
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with the composition of fatty acids is due to a possible pleiotropic effect of this gene that occurs due to the linkage
disequilibrium of the quantitative trait loci (QTLs) within the gene itself with the QTLs close to the genes that
biochemically influence the fatty acid profile of meat; thus, this gene had multiple effects on lipid composition.

Considering nutritional aspects, the animals with the EE genotype gave meat with higher amounts of fatty
acids with a hypercholesterolemic effect. Consuming foods with more palmitic and lauric acids promotes an
increase in blood cholesterol or in its total concentration in the plasma in the form of low-density lipoprotein
(LDL), which may affect human health through hypercholesterolemia (DiNicolantonio & O'Keefe, 2018;
Banskalieva et al., 2020).

The CAST5 gene genotype was associated with the amount of soluble collagen. Collagen solubility is
related to the presence of intermolecular interactions, called crosslinks, which promote the thermal stability
of collagen and are generally associated with changes in meat tenderness (Pflanzer & Felicio, 2009; Lawrence
etal., 2011; Silva et al., 2014).

There was a 47% difference in the amount of soluble collagen among the genotypes (Table 4). Nevertheless,
there was no significant difference in shear force (p=0.667), even though there was a difference of 9.0% in
relation to the values determined for the identified genotypes. Avilés et al. (2013) verified the association
between CAST gene genotype and raw meat texture in Limousin animals, while in terms of shear force, which
is analyzed from cooked meat, they did not find an association between the genotype of this gene and this
parameter, even with a difference of 15%. According to these authors, other factors related to muscle
composition might influence the shear force after cooking, reducing the observed effect of the genotypes.

In general, it is possible to verify the presence of polymorphisms of the CAST5 and CAPN14 genes and their
associations with the physicochemical parameters, centesimal composition and lipid profile of Nelore cattle
meat, as reported with other groups of animals of different races and genetic groups. However, considering
the number of animals used in the present study, further complementary studies should be performed to ex-
plore the presence of polymorphisms in these genes and their relationships with phenotypic factors in a larger
population of Nelore cattle to validate these findings.

Conclusion

The presence of CAST5 gene polymorphisms was associated with changes in the composition of fatty acids
and the amount of soluble collagen, while for the CAPN14 gene, there were differences between the final pH
and moisture content. CAPN9 gene polymorphism was not associated with parameters related to meat pro-
duction in Nellore cattle.
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