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Abstract:

Carcass quality traits and the Longissimus thoracis (LT) and semitendinosus (ST) muscles,
aged for 2 or 14 d, from sixty castrated (CM) and non-castrated (NCM) Brangus males,
slaughtered at 16 (M16) or 20 (M20) mo of age (391 and 434 kg live weight; 3.81 and 4.25
mm backfat thickness respectively), were evaluated. The carcasses of castrated and younger
animals weighed less than those of non-castrated and older ones (P<0.001). Castration
produced more subcutaneous fat and lower rib eye areas (P<0.05). Temperature and pH
decline was faster in younger animals, and final pH was lower in castrated (P< 0.05). While
the Warner Bratzler Shear Force (WBSF) of LT was 9 % lower in castrated, and 7 % higher
in younger animals (P<0.05); it decreased with a longer aging period (P<0.001). The WBSF
of LT was positively associated with total collagen content (r= 0.54; P<0.01) and negatively
with myofibrillary fragmentation index (r=-0.39; P<0.05). The WBSF of ST was not affected
by animal castration or slaughter age (P>0.05), but decreased with a longer aging period
(P<0.001), and was positively associated with total collagen content (r= 0.61; P<0.05). Both
muscles from castrated slaughtered at younger ages had the higher L” values. It is concluded
that castration and age at slaughter on Brangus males produced differences on WBSF values
only on LT muscle where collagen is not the main determinant of shear force.
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Introduction

Non-castrated males are an interesting alternative for beef producers to obtain leaner or
heavier carcasses™?. Testosterone is the main hormone produced in uncastrated males.
Among its functions include the development of male organs, secondary sexual
characteristics, and promoter of muscle development. This anabolic property directly
influences the daily weight gain and feed efficiency, producing a carcass with a higher yield
of retail product with less fat and more red meat than castrates®. Differences in favor of bulls
are generally more pronounced with increasing slaughter weight®. However, lean carcasses
with low fat thicknesses could result in a fast temperature decline, leading to tougher cuts®.
The lower tenderness of meat from non-castrated than from castrated males was associated
with its higher content of connective tissue and lower endogenous protease activity
responsible for postmortem tenderization®®. On the other hand, as animals get older, meat
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collagen solubility decreases® and myoglobin concentration increases(. Therefore, tougher
and darker meat cuts could be expected with increasing animal age®.

It has been proposed that the effect of castration and animal age at slaughter on meat color
and tenderness varies with muscle type®®. In addition, the response to postmortem aging
also varies with type of muscle®?). Rodriguez et al® found no effect of castration on Warner
Bratzler Shear Force (WBSF) in muscles with high amount of connective tissue (Psoas
major, semitendinosus (ST)); however; they observed effect of castration in WBSF in the
Longissimus muscle. Tenderness would be determined mainly by the high collagen content
and solubility in semitendinosus muscle, and by higher postmortem proteolysis activity in
muscles like Longissimus thoracis (LT)®. Therefore, the effects of castration and age at
slaughter on meat color and tenderness varies with the type of muscle considered®? as well
as with the postmortem aging period®b.

Only a few studies have evaluated the effects of castration or slaughter age on animal
performance and carcass characteristics of Brangus cattle®?'®, but none of them evaluated
the interaction of these effects have on the meat quality of different muscles. Therefore, the
aim of the present study was to evaluate the effect of castration and slaughter age of Brangus
males on carcass quality and biochemical profile of two muscles of different characteristics,
the LT and the ST.

Material and methods

The trial was carried out following the Good Manufacturing Practices and welfare standards
for animal handling recommended by the Argentine National Institute for Agricultural
Technology (INTA). The trial was approved by the institutional ethical and technical
committee of the Catholic University of Salta (RR N° 694/12). The study was conducted in
General Glemes, Salta province, Argentina (24°42'40.8"S, 64°57'48.8"W, 670 m altitude).

Animals and treatments

Sixty (60) Brangus calves of similar age (7 mo) and weight (178 = 13 kg) were randomly
selected from the same cow-calf herd and assigned to one of the four treatment combinations
defined by the sex category (CM, castrated males, and NCM, non-castrated males) and age
at slaughter (M16, males slaughtered at 16 mo of age, and M20, males slaughtered at 20 mo
of age). Each combination involved 15 animals. At 7 mo of age those animals assigned to
CM were surgically castrated. Animals were reared on a paddock of alfalfa and supplemented
with a mix of whole corn grain (25 % DM), whole plant sorghum silage (72.5 % DM) and
vitamin-mineral core with monensin (2.5% DM) fed at 1.5 % of live weight until they were
enclosed in a pen. The rearing period was 3 mo for M16 and 7 mo for 20. For M16 the live
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weight of entry to the pens was 192 + 3 kg and for M20 293 + 9 kg. During enclosing the
concentrate diet consisted of cracked corn grain (57.25 % DM), whole plant corn silage
(26 % DM), sunflower or cotton pellets (13.5 % DM), granulated urea (0.75 % DM) and a
mineral vitamin supplement with monensin (2.5 % DM). Live weight was determined every
28 d. The average daily gain and feed efficiency observed during the enclosing period was
0.96 £ 0.11 kg/d and 8.5 £ 0.9 kg/kg for the CM and 1.11 + 0.12 kg/d and 7.6 £+ 1.1 kg/kg for
the NCM, irrespective of the slaughter age.

Carcass measurement and sample collection

The day before slaughter, animals were weighed individually to record their full live weight
(LW) and shipped to the slaughterhouse located 350 km from the experimental farm (driving
time of 5 h), where they were kept in lairage for 12 h prior to slaughter, with free access to
water and feed withdrawal.

Carcasses were electrically stimulated (21 V 0.25 A) at two independent stimulation times
of 20 and 30 sec); then, hot carcass weight (HCW) was recorded. Dressing percentage was
calculated by dividing the HCW by the pre-shipping full LW of the animal x 100. The muscle
pH and temperature were recorded between 12" and 13" ribs Longissimus thoracis et
lumborum of the left carcass side at 2, 5, 8, 14 and 26 h postmortem using a Testo 205
phmeter. To estimate the decline of pH and temperature, and carcass cooling rates, the
pH/temperature window concept implemented in Meat Standards Australia (MSA) was used.
This concept includes the measurement of temperature when the pH value = 6 (Temp@pH6)
and measurement of pH when the temperature value = 12 °C (pH@Temp12).

After 48 h of chilling, the ultimate pH (pHu) was measured at the 12 rib of the left side of
the carcasses. Back fat thickness (BFT) was measured at between 121" and 13" ribs using a
digital caliper (Starrett 125). The LT rib eye area (REA) was recorded on the 12" rib, and
then analyzed by Image APS-Asses Ink software (University of Manitoba, Winnipeg,
Manitoba, Canada, 2002). The LT and ST muscles were sampled from the left side of the
carcasses. The 8 - 12" rib section was obtained from the left side of each carcass by cutting
perpendicularly to the long axis of the LT muscle in the joints of the 7""-8" and 12"-13"
dorsal ribs. The whole ST muscle from the left side of each carcass was also obtained during
carcass fabrication at 48 h postmortem.

Sample preparation and postmortem treatments
Four 1.5-cm and two 2.5-cm thick steaks were obtained from caudal to cranial from each

muscle sample. The 1.5-cm thick steaks were immediately vacuum-packaged and stored at
—20 °C for subsequent determination of sarcomere length (SL), total lipid content,
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myofibrillary fragmentation index (MFI), glycolytic potential and total and soluble collagen
content. The 2.5-cm thick steaks were randomly assigned to one of two aging periods (2 and
14 d) in vacuum at 4 °C. After the aging period, meat samples were stored at —20 °C until
WBSF and color evaluation.

Meat quality evaluation

Color

Instrumental color measurements were taken after 30 min of blooming. Readings were
performed with a Minolta CR-310 (Minolta Corp, Ramsey, N.J.) using a 50-mm diameter
measuring area, a 10° standard observer and a D65 illuminant. The system used was the CIE
Lab, which provides three color components: L* (lightness, 0= black, 100= white), a* (red
index, -a*= green, +a*= red) and b* (yellow index, -b= blue, +b= yellow). Values were
recorded in three locations of the exposed area to obtain a representative reading.

Total lipid content

Total lipid content (g of lipids/100 g of fresh tissue) was determined using an automatic
extraction system (Ankom xt10, Ankon, Macedon NY, USA) and petroleum ether as
solvent@¥),

Warner Bratzler Shear Force

The WBSF analysis was conducted following the guidelines of AMSA, 1995(%, Steaks were
thawed at 4 °C for 12 h and cooked on preheated open-heart electric grill (Farberware, Bronx,
New York) at an internal temperature of 71 °C. Steaks were cooled at 4 °C for 1 h; then six
1.27-cm diameter cores were removed from each steak parallel to the muscle fiber
orientation. Meat cores were cut perpendicularly to the long axis of muscle sample using a
WBSF testing machine (G-R Manufacturing, Manhattan, KS, US) equipped with a digital
dynamometer.

Total and soluble collagen content

Total collagen content was estimated by determining hydroxyproline using the procedure
described by Bergman and Loxley®. Insoluble collagen content was determined using a
procedure adapted from Hill*?, Soluble content was estimated as the difference between total
and insoluble collagen content.

Sarcomere length

Three grams of muscle tissue was homogenized in 20 ml of solution 0.25 M sucrose at 4 °C
for 15 sec with a disperser (CAT x 120, Germany)®®. Sarcomere length was determined
using a diffraction laser (CVI Melles Gliot. Series 7822 FH-1)18),
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Glycolytic potential
Glycolytic potential was calculated from muscle glycogen and lactate concentration, where
GP = 2 (glucose 6-phosphate + Glycogen + glucose) + lactate?,

Glycogen content

Muscle glycogen content was extracted from muscles by acid hydrolysis®?. Briefly, about
500 mg of muscle samples were homogenized (Ultraturrax, Fisher Scientific) for 30 sec in 5
mL 2 N HCI, and then, submitted to hydrolysis at 100 + 1 °C for 2 h. Glucose released was
measured spectrophotometrically (505 nm; Spectrophotometer Thermo Fisher Scientific
USA) in the neutralized homogenates (2 N NaOH) with the GOD/ POD Trinder Color test
(GT Wiener Lab, Rosario, Argentina). Available glycogen content was expressed as mmol
of glucose per gram of wet tissue. The quantified glucose included free glucose and glucose
from glycogen hydrolysis®@?.

Lactate content

Muscle lactate was determined spectrophotometrically (550 nm; spectrophotometer-Thermo
Fisher Scientific. USA), following the procedure described by Neath et al® and using a
commercial kit (Randox kit LAC; Randox Laboratories Ltd, Crumlin, Co. Antrim, UK).

Myofibrillary fragmentation index

Protein concentration was determined by calculating MFI according to the protocol described
by Hopkins et al®®, using a microplate Spectrophotometer equipped with an Epoch-type
reader (Biotek, USA).

Statistical analysis

Statistical analysis was performed using the mixed procedure of the Statistical Analysis
System R (Version 3.6.1). Data were analyzed separately for each muscle (LT, ST). Color
and WBSF data were tested as a split-plot design, where effects of sex and age at slaughter
were considered in the main plot and postmortem aging period effect was considered as a
sub-plot. All possible interactions between individual factors were computed in the model.
Data of variables in which the effect of the aging period was not included (pH and
temperature decline, animal live weight and carcass characteristics, sarcomere length,
intramuscular fat (IMF), total and soluble collagen, glycogen, MFI) were analyzed under a
completely randomized design with a 2 x 2 factorial arrangement (two categories and two
slaughter ages). For the variables of carcass characteristics (pH and temperature decline,
dressing percentage, ribeye area and backfat thickness) the LW was considered as a covariate.
Least square means were computed for main and interactive effects and separated statistically
using F-protected (P<0.05) t-tests. To evaluate the degree of association between the
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different physicochemical variables that explain color and tenderness, Pearson correlations
were used (P<0.05).

Results

General characteristics

Table 1 shows the effect of age and category on LW and carcass characteristics. A significant
interaction between sex category and slaughter age (S x SA) was observed for LW (P<0.001).
At older age (M20), LW increased by about 4 % in CM and 9 % in NCM. Hot carcass weight
was lower in CM than in NCM, and in M16 than in M20 (P<0.001). Regardless of slaughter
age, BFT was 30 % higher (P<0.01) in CM than in NCM, and REA was 11% lower
(P<0.001). The ultimate pH was lower in CM than in NCM (P<0.05; 5.46 and 5.53,
respectively).

The pH and temperature decline of the LT muscle was influenced by the interaction between
slaughter age and time of measurement (S x TM; P<0.001; Table 2). Temperature of M16
and M20 decreased as the postmortem time of measurement progressed, but at different
speeds. Although the initial and final temperatures (2 and 26 h postmortem) of LT were
similar for M16 and M20, the LT temperatures at 5, 8 and 14 h postmortem were lower for
M16 than for M20. In addition, muscle temperature was higher in CM than in NCM,
irrespective of the postmortem time (P<0.001; 12.06 and 11.13 °C, respectively). Muscle pH
was 2.2 % higher in M16 than in M20 only at 2 h postmortem, with no differences being
observed in the remaining postmortem measurement times (P>0.05).
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Table 1: Effect of sex category and slaughter age on live weight and carcass characteristics of Brangus cattle

M16 M20 SEM Significance

CM NCM CM NCM S SA SxSA
Animal live weight and Carcass characteristics
Live weight, kg 393.84°¢ 404.70° 410.76° 443.973 4.07 FF* Fxx xkx
Hot Carcass weight, kg 218.67¢ 228.33P 23553° 252,933 3,19 *** *** g
Dressing percentage (HCW/LW x 100) 56.32 56.66 57.14 5645 054 ns ns ns
Backfat thickness, mm 4552 3.07° 4,552 395 050 ** ns ns
Ribeye area, cm? 57.30% 6329  59.16%  67.50° 1.70 ** ns ns
Temp@pH6 17.51 16.73 19.58 1959 146 ns ns ns
pH@Templ2 5.74 581 5.75 580 0.07 ns ns ns
pHu 5.42¢@ 5.57°P 5.452 561° 002 * ns ns

M16= males slaughtered at 16 mo of age; M20= males slaughtered at 20 mo of age; NCM= non-castrated males; CM= castrated males; SEM= standard error of
the mean; S= sex category; SA= slaughter age; S x SA= interaction between sex category and slaughter age; Temp@pH6= muscle temperature when the pH is 6;
pH@Templ2= pH value when muscle temperature is 12 °C; pH,- ultimate pH at 24 h postmortem;
3¢ |_S-means with different superscripts within a row are different (P<0.05). *: P<0.05; **: P<0.01; ***: P<0.001; ns= P>0.1

137



Rev Mex Cienc Pecu 2024;15(1):130-148

Table 2: Evolution of temperature and pH measured in the Longissimus thoracis muscle during the first 26 h postmortem in Brangus
cattle non-castrated and castrated males slaughtered at 16 months or at 20 months of age

Slaughter age M16 M20
Sex category CM NCM CM NCM SEM Significance
™
pH 2 6.28%2 6.35% 6.18° 6.18° 0.02 SA **; TM ***; SA X TM: ***
5 5.81 5.84 5.97 5.91
8 5.69 5.67 5.78 5.72
14 5.56 5.54 5.62 5.65
26 5.43 5.45 5.55 5.61
Temperature 2 23.23”~ 22438 2365% 23108 0.12 S: *** SA; *** TM: ***; SA X TM: **
5 15.384% 14158 17494 16,39 B
8 8964  6.888¢  13.86/° 12.24°P
14 3.97 Aa 2.43 B2 8.25 Ab 7.45 Bb
26 3.74 A 3.69B 2.79 A 2598

M16= males slaughtered at 16 mo; M20= males slaughtered at 20 mo; NCM= non-castrated males; CM= castrated males; TM= time of measurement; SEM=
standard error of the mean; S= sex category; SA= slaughter age. *: P<0.05; **: P<0.01; ***: P<0.001. ns= P>0.05 not significant effects (P>0.1) are not
described.

Different capital letters indicate differences between S and SA.

Different letters indicate differences between SA and PA
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Warner Bratzler Shear Force, glycolysis variables, and meat color

The WBSF of the LT muscle was affected by the two main effects evaluated (P<0.05), but
by none of their interactions (P>0.05; Table 3). The WBSF was 9 % lower in CM than in
NCM, 7 % higher in M16 than in M20, and 36 % higher with 2 d than 14 d of postmortem
aging. In contrast, the WBSF of ST was affected only by the aging period, decreasing by
12 % from 2 to 14 d.
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Table 3: Effect of sex category and slaughter age on Longissimus thoracis (LT) and semitendinosus (ST) muscle characteristics (color
and WBSF) of Brangus cattle

Slaughter age 116 M?20

Sex category  cmMm NCM CM NCM

PA 2days 14days 2days 14days 2days 14days 2days 14days SEM Significance

LT WBSF (N) 42.43" 30.91Y* 44.32"% 32.67Y 37.59Y 27.48" 43.40"% 3191 1.00 S* SA* PA***
Color
L* 43.45%% 42,687 42 25AB2 4] 52ABab 40 52Bb 41 9B 41 73ABb 42 24ABb (019 SA* S x SA* SA X PA*
a* 2252 2185 2172 2235 2158 2282 2122 2191 0.14
b* 15.718 1473 14.86° 14.73% 1425 15.09% 14.36° 14.45® 0.10 SA*, SA x PA*

ST WBSF (N) 42.15"* 36.99Y 44.75% 38179  43.43% 38.42Y 43.06" 40.76"Y 1.06 PA***
Color
L* 49.17A 4529 47.87" 45.03%  46.48% 42208 48.53" 4356"  0.35 SA** PA*** Sx SA*
a* 14.17° 18.30° 14.06° 18.35*  18.05° 17.67° 15.41*  17.24°  0.28 PA*** SA x PA***
b* 20.29b 19.53b 20.03b 19.49b  22.19a 18.33c 21.16a 18.43c  0.21 PA¥*** SA x PA***

M16= males slaughtered at 16 mo; M20= males slaughtered at 20 mo; NCM= non-castrated males; CM= castrated males; PA= postmortem aging period; SEM=
standard error of the mean; WBSF= Warner Bratzler Shear Force; L* (lightness), a* (red index) and b* (yellow index); S= sex category; SA= slaughter age. *:
P<0.05; **: P<0.01; ***: P<0.001; ns= P>0.05.
not significant effects (P>0.1) are not described.

WXy |_S-means with different superscripts within a row are statistically different (P<0.05).

Different capital letters indicate differences between S and SA.

Different letters indicate differences between SA and PA
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Neither the LT muscle intramuscular fat (IMF) nor the sarcomere length (SL) or the
myofibrillar fragmentation index (MFI) was affected by the treatments (P>0.05, Table 4).
The LT total collagen (TC) content was lower (P<0.01) but the proportion of soluble collagen
(SC) content was higher (P<0.001) in CM than in NCM. In the LT muscle, the proportion of
SC was reduced (39 %) with increasing slaughter age (P<0.001). The LT muscle glycogen
concentration was 5 % higher in the M20 than in M16 (P<0.05). The WBSF of LT was
positively associated with total collagen content (r= 0.54; P<0.01) and negatively with
myofibrillary fragmentation index (r=-0.39; P<0.05).

As in the LT, the TC content of the ST muscle was lower (P<0.05) in CM than in NCM. The
ST muscle from the CM had greater sarcomere length than that from the NCM (P<0.001).
The IMF of the ST muscle was higher in M16 than in M20 (P<0.05), but no effects were
observed between sex categories (P>0.05). The WBSF of ST was positively associated with
total collagen content (r= 0.61; P<0.05).

The lightness (L*) of the LT muscle was affected (P<0.05; Table 2) by the S x SA interaction
or by slaughter age x postmortem aging period (SA x PA) interaction. The highest L* in LT
was observed in CM-M16, and the lowest one in CM-M20, with the L* of the NCM being
intermediate and similar between M16 and M20. In addition, the L* and b* of the LT were
higher for the M16 steaks aged for 2 d than for those from M20 aged also for 2 d, whereas
steaks from M16 and M20 aged for 14 d had intermediate values, with no differences from
those of M20 aged for 2 d (P<0.05; Table 3).

In contrast, the L* of the ST muscles was lower in CM-M20 (P<0.05). In turn, the a* and b*
of the ST muscle were affected by the interaction between slaughter age and aging period.
The a* of the ST muscle was higher for M16 aged for 14 d than for M20 aged for 2 d, being
intermediate for M20 aged for 14 d, whereas the ST muscle from M16 aged for 2 d had the
lowest a* (P<0.001, Table 2). The b* of the ST muscle was highest for M20 meat aged for 2
d and lowest for M20 meat aged for 14 d (P<0.001), being intermediate for M16 meat aged
2 and 14 d.
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Table 4: Effect of sex category and slaughter age on meat quality characteristics of the longissimus thoracis and semitendinosus
muscles of Brangus cattle

M16 M20 SE  Significance
Muscle CM NCM CM NCM M S SA S X SA
Sarcomere lenght, pm 2.00 2.07 1.96 2.01 0.02 ns ns ns
Intramuscular fat (g of lipids™ fresh tissue) 2.82 2.22 2.49 1.94 0.17 ns ns ns
Total collagen (mg™' fresh tissue) 2.13° 2828 236 292% 012 ** ns ns
LT Soluble collagen (total collagen ratio found as soluble
collagen, %) 20.682%  14.18> 1457° 740¢ 119 ... s
Glycogen (g~' fresh tissue, pumol glucose) 103.35%° 89.26° 111.04% 115.82% 434 ns * ns
Myofibrillar fragmentation index 82.08 78.83 87.74 8266 248 ns ns ns
Sarcomere lenght, um 2.26° 2.13°  2.19%® 207°  0.05 *** pg ns
Intramuscular fat (g of lipids™ fresh tissue) 3.80% 4042 3.03% 243° 050 ns * ns
Total collagen (mg™! fresh tissue) 4.09° 4,902 4,752 501% 022 * ns ns
ST Soluble collagen (total collagen ratio found as soluble 6.50 524 535 5.45 0.33
collagen, %) ns ns ns
Glycogen (g~! fresh tissue, pmol glucose) 97.97 112.14 92.04 94.98 314 ns ns ns
Myofibrillar fragmentation index 81.21 71.34 89.03 8453 257 ns ns ns

M16= males slaughtered at 16 mo; M20= males slaughtered at 20 mo; CM= castrated males; NCM= non-castrated males; SEM= standard error of the mean; S=
sex category; SA= slaughter age; S x SA= interaction between sex category and slaughter age; LT: Longissimus thoracis; ST: semitendinosus.
abc | S-means with different superscripts within a row are statistically different (P<0.05). *: P<0.05; **: P<0.01; ***: P<0.001; ns: P>0.1
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Discussion

The trial revealed an expected outcome as non-castrated animals exhibited greater increases
in both live weight and hot carcass weight than castrated at older ages®®. This can be
attributed to the higher levels of testosterone observed in non-castrated animals, which were
also reflected in their larger ribeye areas. The absence of variations in dressing percentage,
adjusted by live weight, between treatments can be attributed to the lack of disparities in
backfat thickness across different ages. Additionally, the differences observed between
castrated and non-castrated animals in BFT were not significant enough to account for any
significant variation in dressing percentage. These findings are consistent with the
conclusions drawn by other researchers who have conducted similar studies®324),

The study revealed that the variations in ribeye area and backfat thickness between different
sex categories had an impact on the decline of LT muscle temperature®®. However, despite
lower temperatures observed in non-castrated animals, no differences in sarcomere length
were found between sex categories in the LT muscle. Furthermore, although there were
differences in sarcomere length in the ST muscle between sex categories, the temp@pH 6
remained above 12 °C for both sex categories, which was suggested as the minimum
threshold to avoid shortening and meat toughening®?®, in agreement with previous
records®.

The castration of Brangus males led to a reduction of the WBSF for the LT steaks, as reported
by other authors®2), This result was in line with the lower TC content as well as the higher
SC content observed in the LT muscle of CM than in that of NCM. This different content of
TC and SC could be attributed to a lower testosterone level in castrated than in non-castrated
cattle®.

Aging the muscles for 14 d instead of 2 d resulted in a higher improvement in WBSF for the
LT muscle®. It is known that the LT muscle is highly influenced by myofibril degradation®),
The association between MFI and TC with WBSF suggests that, at 2 d, the differences in
WBSF in LT muscle were associated with differences in proteolytic activity; however, at 14
d, the existing correlation with TC would indicate that the differences in proteolytic activity
would no longer have an effect i.e., proteolysis could have been completed, so differences in
WBSF would be due to differences in connective content®29.

In present study, castration and slaughter age treatments did not affect WBSF values for ST
steaks®. This could be due to the high TC content of this muscle as compared to other
muscles and the positive correlation found between TC content and WBSF of ST muscle. It
has been proposed®? that collagen content would be the major factor affecting meat
tenderness and that it might mask any potential improvement due to other effects.
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In the present study, in agreement with findings reported by other authors™"), the higher L*
in both muscles observed in younger castrated animals were related to the lower pH and
temperature decline of the former®®, and probably to the increasing myoglobin content with
age and testosterone®®®. On the other hand, the absence of variation in color variables of aged
LT muscle in older animals might be attributed to the increased color parameter values due
to postmortem aging, which could reduce differences among animal treatments©?. In the case
of unaged samples of ST muscle, the higher levels of yellowness and redness observed in
older animals®® can be attributed to the accumulation of myoglobin pigments as age
progressesGl32, Additionally, this phenomenon may also be influenced by the higher pH
values observed in M20®Y, Nevertheless, at 14 d, as a consequence of the postmortem aging
and the decreased color stability®, these differences were not observed, except for the b* in
M16, which were only 5 % higher than in M20. The latter could be associated with a higher
metmyoglobin content in the M16 aged meat®,

Since bulls are more susceptible to pre-slaughter stress than steers, their probabilities to
produce meat with higher pHu and dark meat are also higher®. In the current study, the pHu
of bulls was slightly higher than that of steers, but no dark meat was observed; the pHu was
within the optimal range®? (5.4-5.7).

Conclusions and implications

Irrespective of the age at slaughter, the slaughtering of non-castrated males resulted in an
increase in hot carcass weight and ribeye areas. However, backfat thickness decreased
compared to castrated males. Regardless of the manipulation of castration or age at slaughter,
the dressing percentage remained unaffected. The effects of castration and slaughter age of
Brangus males on the meat quality characteristics differ in the different muscles evaluated.
Muscles with high amount of connective tissue as ST did not generate differences in WBSF
irrespective of the treatments. In contrast, muscles with low amount of connective tissue as
LT was affected by castration and age of slaughter associated to pHu, myofibrillar
fragmentation index, total collagen and soluble collagen content. Castration produced lighter
colors in both muscles associated to pHu and myoglobin content.
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