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Meat quality of cattle subjected to period of aging
process: a cross-heifer study

Qualidade da carne de bovinos submetida ao processo
de maturacao: estudo com novilhas cruzadas
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Highlights

Tenderness of meat is a much-appreciated characteristic by consumers.
Qualitative attributes of meat were influenced by aging.
Meats evaluated after seven days of aging had lower shear force.

Abstract

The aim of this study was to evaluate the effects of aging on meat quality of crossbred heifers. Qualitative
and quantitative evaluations of carcasses and meat of 148 crossbred heifers with an average age of 13
months and 407.5 + 29.22 kg body weight at slaughter were performed. After cooling for 24 h, the carcasses
were evaluated for hot carcass weight, pH, conformation, physiological maturity, finishing, fat distribution,
and length. Characteristics, such as pH, color, marbling, exudation, as well as cooking losses, percentage
of ether extract, and shear force were evaluated in meat at time zero and after seven days of aging. The
carcasses displayed satisfactory results for parameters such as pH at 24 h of cooling (pH24), finishing,
distribution of fat, and subcutaneous fat thickness (5.58, 3.27, 2.40, and 6.62 mm, respectively). The
meat had a low marbling score (5.08) and percentage of ether extract (1.71), indicating that the meat was
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relatively lean. Exudation and cooking losses showed similar results at zero and seven days of aging. The
meat subjected to seven days of aging showed higher lightness and hue (40.98 and 0.77, respectively) and
tenderness of 5.25 kg. These results indicated that aging affected meat color and shear force parameters;
the meat of cross-heifers was softer but less red after maturation.

Key words: Marbling. Shear force. Tenderness. Young cattle.

Resumo

O objetivo deste estudo foi avaliar os efeitos da maturagdo na qualidade da carne de novilhas mesticas.
Foram realizadas avalacdes quali-quantitativas de carcacas e carne de 148 novilhas mesticas com idade
média de 13 meses e 407,5 + 29,22 kg de peso corporal ao abate. Apds resfriamento por 24 horas, as
carcacas foram avaliadas quanto ao peso da carcaca quente, pH, conformacao, maturidade fisioldgica,
acabamento, distribuicdo de gordura e comprimento. Caracteristicas como pH, cor, marmoreio, perdas por
exsudacao, assim como perdas por cocc¢ao, porcentagem de extrato etéreo e forgca de cisalhamento foram
avaliadas na carne no tempo zero e ap0ds sete dias de maturagdo. As carcagas apresentaram resultados
satisfatérios para par@metros com pH em 24 horas de resfriamento (pH24), acabamento, distribuicdo
de gordura e espessura de gordura subcutanea (5,58, 3,27, 2,40 e 6,62 mm, respectivamente). A carne
apresentou baixo indice de marmoreio (5,08) e porcentagem de extrato etéreo (1,71), indicando que a carne
era relativamente magra. As perdas por exsudacao e cozimento apresentaram resultados semelhantes aos
zero e sete dias de maturacao. A carne submetida a sete dias de maturagcao apresentou maior luminosidade
e hue (40,98 e 0,77, respectivamente) e maciez de 5,25 kg. Esses resultados indicaram que a maturagao
afetou os parametros de cor da carne e a forca de cisalhamento; a carne das novilhas cruzadas ficou mais
macia, mas menos vermelha apds a maturacgao.

Palavras-chave: Bovinos jovens. Forca de cisalhamento. Maciez. Marmoreio.

Introduction

The demand of Brazilian consumers
for superior meat cuts is steadily increasing.
Despite high productivity, Brazilian beef
presents a significant variability in its
characteristics, especially in terms of
tenderness, an undesirable factor in market-
oriented products that requires maintenance
of constant quality standards.

In order to meet the requirements of
superior beef quality, exploring the maturity
of crossbred females to allow early slaughter
of young animals for improvement of their
finishing characteristics, becomes a promising
alternative to supply the market (Berg &
Butterfield, 1976).
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In addition, implementation of post-
slaughter techniques such as ripening
enables sensory improvement of meat
(Nassu, Bernardi, Tullio, Cruz, & Alencar, 2013).
Maturation involves proteolysis of structural
components of myofibrillar proteins presentin
muscle tissue (Kirinus, Fruet, Teixeira, Dorr, &
Nornberg, 2014) under controlled conditions,
in which fresh meat is vacuum- packed
and kept at temperatures of -1 to 2 °C for
several days (Nassu et al., 2013); this process
causes tenderization of meat and enables
standardization of its tenderness.

Hence, the aim of this study was to
evaluate the influence of aging on qualitative
characteristics of meat of crossbred heifers.
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Materials and Methods

Carcass and muscle samples

Carcasses and longissimus muscle
samples from 148 heifers (Y2 Angus x 2
Nellore) with an average age of 13 months and
407.5 + 29.22 kg body weight were used. The
animals were slaughtered from February 2015
to February 2016 in a commercial abattoir
following sanitary hygiene conditions and
humanitarian slaughter norms (Ministério da
Agricultura Pecuaria e Abastecimento [MAPA]
2000).

Evaluation of carcasses

After cooling for 24 h at a temperature
between 0 °C and 2 °C, the carcasses were
evaluated qualitatively and quantitatively
(Muller, 1987; Ministério da Agricultura Pecuéaria
e Abastecimento [MAPA] 1989). Hot carcass
weight was obtained at the end of slaughter.
The left and right half carcasses were weighed
and their values added.

Conformation was evaluated with
scores assigned in arange from 1 to 18: lower
(1-3), bad (4-6), fair (7-9), good (10-12), very
good (13-15), and the highest (16-18).

Physiological maturity (Mat Phys) was
obtained using a scale of 1 to 15 points, divided
into classes A to E, and into minor, medium, and
major subclasses, where, 1 = older animals and
15 = younger animals.

To evaluate the finish, a scale of 1to 5
points was used: 1 (absent), scarce (1-3 mm),
3: medium (above 3 to 6 mm), 4: uniform (above
6-10 mm), and 5 excessive (more than 10 mm).
Distribution of the covering fat was estimated
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using a scale of 1 to 3 points, where, 1 =uneven,
2 = medium and 3 = uniform.

The carcass length was determined
with a millimeter tape measure by comparing
the distance from the anterior border of the
pubic bone to medial cranial border of the first
rib.

Meat quality

pH, rib eye area, subcutaneous fat thickness,
marbling, color, and ether extract

After cooling the carcasses for 24 h
at a temperature between 0 and 2 °C, the pH
(designated in this study as pH24), rib eye
area (REA), subcutaneous fat thickness (SFT),
marbling (MAR), and color measurements
using the CIELab color scale were evaluated
in the Celia 12th rib region of the longissimus
muscle.

pH24 was measured using a Hanna
Model HI 99163 digital pH meter equipped with
a carcass/meat-specific penetration probe, in
samples subjected to 0 and 7 days of aging
(designated as pHO and pH7, respectively).

REA was determined by drawing the
areaonaparchment paper. ltwasthen scanned
and cut to obtain the area with the help of a Li-
Cor Model 3100 Area Meter and expressed in
cm?2.

SFT (cm) was evaluated using a digital

caliper between the 12th and 13th ribs of the
longissimus muscle.

Marbling score was determined
according to United States Department of
Agriculture [USDA] (1965) standard, adapted
by Muller (1987), with six rating scales: traits (1
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to 3), light (4 to 6), small (7 to 9), medium (10
to 12), moderate (13 to 15), and abundant (16
to 18), and divided into three subclasses - less,
medium, and more.

Regarding color evaluation, the
samples were exposed to atmospheric air
for 20 min before estimating the myoglobin
content. Color was determined by averaging
three measurements taken at three points from
each sample with the aid of a portable MiniScan
XE Plus Hunterlab colorimeter with a D65 light
source and 10° reading angle for the following
characteristics: L * (lightness), a * (redness), b
* (yellowness) using the CIELab system. The
instrument was calibrated with a white standard
(L*=93.30,a=-0.89, b *=0.95) and a black
standard (L* = 1.19, a* = 1.27, b* = 1.92).

From the values of a * and b * the
values of chroma and hue were calculated
(Macdougal, 1994) as follows:

Chroma= \/((a %)2 + (b %)?)
Hue= tan™* 2
ax*

where, a * = chroma ranging from green (-) to
red (+); b * = chroma ranging from blue (-) to
yellow (+); tan = tangent.

Measurements of losses by exudation and
cooking, shear force, and ether extract

Two longissimus samples from the
12" rib region, in the caudal cranial direction,
were subjected to shear force (SF), exudation
losses (EL), and cooking losses (CL) at zero and
seven days of maturation. A third sample was
collected for evaluation of intramuscular fat
percentage or ether extract (EE).

The sample at zero days of aging was
immediately frozen at -18 °C and the other
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sample matured for seven days at 2-3 °C and
subsequently frozen at the same temperature
and preserved in these conditions for no
longer than 30 days.

Defrost exudation losses, cooking,
and shear force were performed according
to methods described by the American Meat
Science Association [AMSA] (2015). Exudates
were obtained after thawing the samples in a
refrigerator at 2-5 °C for 24 h. The exudates
present in the packages and the steaks were
weighed individually to obtain the weight loss
after thawing and expressed as a percentage.

To determine cooking losses, the
samples were weighed raw and subsequently
roasted using an upper and lower resistance
electric oven, preheated to 163 °C, until the
internal temperature of each sample reached
42 °C. Next, the samples were turned and
kept in the oven until the internal temperature
reached 71 °C. After roasting, the samples
were weighed immediately to obtain weight
loss after cooking (WCok) by calculating the
proportion of difference in the initial weight
(Wi, before cooking) and final weight (Wf, after
cooking) using the following equation:

Wi-Wf

WCok % =

where, WCok= weight loss after cooking; Wi =
initial weight; Wf = final weight.

SF was obtained by removing six
cylindrical subsamples measuring 1.27 cm in
diameterby2.54 cminlengthfromtheinnerpart
of each steak. The subsamples were extracted
parallel to the axis of the muscle fibers with
the aid of a pan attached to a Schulz Pratika
bench drill and sheared using a texturometer
(TA.XT.Plus Texture Analyzer) equipped with a
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Warner Bratzler shear blade. Tenderness value
of each sample was represented by calculating
the arithmetic mean of the shear force
values obtained in the six subsamples. These
procedures were repeated for all samples
corresponding to the two maturation periods.

Evaluation of ether extract or
intramuscular fat percentage was performed
using the method described by the American
Oil Chemists' Society [AOCS] (2009) with an
automatic extraction system using ether, high
temperature, and pressure (ANKOM XT15
Extractor, ANKOM Technology, Macedon, USA).

Data analysis

The experimental design used was
completely randomized. The Univariate
SAS procedure was used to characterize
the carcasses and meat of the heifers, and
correlation studies were carried out among the
variables analyzed.

The effect of maturation on meat
quality was analyzed in a model containing
fixed effects of maturation (without and with
maturation) using the following equation:

iK=p ttratit e

where, i’ = observed variable; y = constant
inherent to observations; trat i = ripening time
effect (zero and seven days); ei’® = random
error regarding observation i,

For comparison between means, we
used the Tukey test at 5% significance.
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Results and Discussion

Carcass measurements

The pH values observed in our study
24 h after slaughter and in matured and non-
matured meat (Table 1) could be considered
as normal (Mach, Bach, Velarde, & Devant,
2008) and adequate to guarantee organoleptic
characteristics. This indicated proper pre-
slaughter management of animals (Muchenjea
etal., 2009).

The carcasses showed satisfactory
results (Table 1), with fat coverage above the
minimum levels required by the industry (3
to 6 mm) and displayed average distribution,
thereby giving a good finish to the carcasses
(median) and offered protection against
dehydration during cooling. Thus, reduction
of tenderness and an increase in the loss of
liquid from the meat that makes meat less
acceptable to consumers was prevented
(Burin, 2016).

Meat quality

The amount of intramuscular fat
assessed by either the subjective (marbling) or
objective (ether extract) methods suggested
that the meat samples were relatively lean,
indicating little intramuscular fat deposition
(Table 1). The marbling score evaluated in
this study (Light +) is related to meat with
intramuscular fat percentage between 3.1 and
3.9 (Lonergan, Topel, & Marple, 2019) higher
than that observed in this study.
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Table 1
Descriptive statistics of carcass and meat qualitative characteristics at 0 and 7 days of aging measured
in crossbred heifers slaughtered at thirteen months of age

Variable Mean SD Minimum Maximum
pH24 5.58 0.12 5.25 5.87
Hot carcass weight, kg 215.15 17.75 179.00 270.50
Conformation’ 8.95 1.31 5.00 12.00
Finishing’ 3.27 0.65 1.00 5.00
Distribuition® 2.40 0.49 1.00 3.00
MatPhys’ 13.36 1.87 10.00 15.00
Carcass length, cm 122.43 3.77 115.00 134.00
Subcutaneous fat thickness, mm 6.62 2.77 2.11 15.84
Rib eye area, cm? 77.15 10.73 54.91 104.66
Marbling score’ 5.08 2.64 1.00 13.00
Ether extract, % 1.71 0.90 0.20 4.62
pHO 5.49 0.13 5.25 5.84
LightnessO 38.36 2.79 30.34 44.39
Chroma0 20.01 1.46 15.78 23.22
HueO 0.70 0.04 0.60 0.82
Exudation lossesO, % 6.1 2.09 2.21 12.21
Cooking losses0, % 27.73 4.29 17.27 50.03
Shear ForceO0, kg 8.24 2.06 4.37 13.56
pH7 5.54 0.16 4.48 5.81
Lightness7 40.15 2.55 33.32 46.76
Chroma?7 19.41 1.79 14.99 23.61
Hue7 0.75 0.06 0.61 0.95
Exudation losses7, % 5.97 1.79 2.73 10.26
Cooking losses7, % 27.19 5318 20.02 44.81
Shear Force7, kg 5.89 2.01 2.56 12.62

SD= Standard Deviation;
1 Conformation (scores from 1 to 18); Finishing (scale from 1 to 5); Distribution = fat distribution uniformity (scale 1 to 3);
MatPhys = physiological maturity (scale 1 to 15); Marbling (score 1 to 18).
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Deposition of adipose tissue follows a
gradual order, with intramuscular fat deposited
last in a carcass (Alves et al., 2016). In a study
with 15-month-old heifers, Fernandes et
al. (2009) observed higher mean values of
intramuscular fat than those observed in
this study. These results suggest that older
animals tend to have meat with higher amounts
of intramuscular fat (Horst et al., 2016; Park et
al., 2018).

Possibly, in our study, the low marbling
score observed in the meat was due to the
young age of the heifers at slaughter, in which
accelerated intramuscular fat deposition
may not have been initiated, despite having
considerable deposition of subcutaneous fat
(6.62 mm).

The meat coloration of heifers,
assessed by means of lightness, chroma, and
hue, at 0 and 7 days of aging was classified
as clear (Table 1). Meat color is related to the
myoglobin pigment and may be influenced
by final pH, age, physical activity, and
intramuscular fat (Muchenjea et al.,, 2009).
Color is an attribute that does not affect the
palatability of meat. However, it is important
in its marketing, since consumers consider
color as an indication of freshness and quality
(Ponnampalam et al., 2013), and tend to reject
meat with a dark color (Ponnampalam et al.,
2017).

As demonstrated by the sum of
exudation and cooking losses, results were
similar both at 0 and after 7 days of maturation
(Table 1).Vazetal.(2010) also reported cooking
losses in a study with young crossbred heifers
that are similar to our results. Lesser amounts
of losses due to defrosting and cooking can
be observed in meat of animals with higher fat
deposition (Rubiano et al., 2009). The possible

Semina: Ciénc. Agrar. Londrina, v. 42, n. 3, p. 1175-1188, maio/jun. 2021

reason for liquid losses in beef heifers could
be due to the higher protein content and
proportionally lower fat content as observed
by the low marbling score and ether extract.

In our study, the shear force at 0 days of
aging classified heifer meat as hard; however,
the hardness wasreduced after 7 days of aging
(Table 1). pH and fat cover are characteristics
that can influence the tenderness of meat
(Maciel, Amaro, & Lima, 2011). Both these
variables were within the limits that guarantee
the quality of meat.

Intramuscular fat can indirectly
influence meat texture, with a percentage of
around 15% in the variability of tenderness of
meat, attributed to an increase in the degree of
marbling (Horst et al., 2016). It is worth noting
that a significant loss of water during cooking
may result in less juiciness and tenderness
of meat, as measured by shear force. Lower
percentage of marbling and loss of water may
have contributed to the higher shear force in
the meat of heifers at 0 day of aging.

By contrast, lower shear force of meat
after a period of aging can be attributed to
myofibril degradation by the enzymatic action
of calpain (Lonergan, Zhang, & Lonegan, 2010).

Correlation between carcass and meat
characteristics

Correlation analysis between the
evaluated characteristics (Figure 1) showed
that the colorimetric variables displayed
significant positive correlations. Correlation of
lightness with hue (r = 0.85) and chroma (r =
0.50) was observed, indicating that meat with
better lightness (higher L*) had a less red hue
(higher hue) and lighter hue (low chroma).
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Figure 1. Correlations, according to clusters, between qualitative and quantitative variables of
carcass and meat of Angus x Nellore heifers slaughtered at 13 months of age. The color and size
of the circle at the intersection between two variables indicate, as shown on the right, the sign and
the size of the significant correlations (P <0.05). X indicates that the observed correlation was not
significant (P > 0.05). Inner rectangles indicate the formation of groupings of variables.
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Variables such as luminosity and
hue were negatively correlated (r = -0.59
and r = -0.57, respectively) with shear force,
indicating that darker and less-toned meat
presented with higher hardness (Figure 1).
Similarly, but less significantly, these variables
were negatively correlated with pH24 after
slaughter (r = -0.33 and -0.33, respectively)
and carcass physiological maturity (r = -0, 26
and -0.28, respectively), indicating that older
animals and/or those displaying a higher
pH had inferior-looking meats. Moreover,
lightness and hue showed a moderate
correlation with loss of water via exudation (r
= 0.46 and 0.51, respectively), indicating that
lighter meats tend to produce less exudates
when packaged.

Table 2

Notably, two positive correlations that
denote some obviousness were observed
between the hot carcass weight and the
carcass length (r = 0.41) (Figure 1). This
indicates that longer carcasses are also
heavier. Marbling score and ether extract refer
to intramuscular fat deposition. Correlation
between these two variables (r = 0.43) shows
that the marbling score was effective in
predicting the amount of fat present in the
samples.

Effect of aging on meat of crossbred heifers

We observed that the aging process
resulted in lighter meats and exhibited lower
shear force (P <0.05) (Table 2).

Influence of aging (0 day of aging or 7 days of aging) on meat quality of Angus x Nellore heifers

slaughtered at thirteen months of age

Variable P-value
Exudation losses, % 0.3646
Cooking losses, % 0.8227
Ph 0.1701
Lightness 0.0001
Chroma 0.1308
Hue 0.0001
Shear force, kg 0.0001

SD = Standard Deviation;

DP Mean _ Mean _
(0 day os aging) (7 days of aging)

0.54 6.43 6.09

0.01 22.11 22.30
0.04 5.46 5.50

0.67 38.81b 40.98a
0.47 19.42 18.92
0.01 0.72b 0.77a
0.50 7.91b 5.25a

a, b - Line averages, followed by different letters, differ by Tukey test (P <0.05).

Averages of color coordinates
(lightness and hue) increased over time (Table
2); however, the average lightness observed
at both the time-periods (0 and 7 days) was
within the range described by Muchenjea et al.
(2009) as ideal for beef (33.2-41.0).
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By contrast, after a period of aging,
there was an increase in luminosity, and
consequently in hue, as observed by positive
and high correlation (r = 0.85) between the
two variables (Figure 1). The results indicate
that higher the hue values, the less red and

1183



Ciéncias Agrarias I
— SEMINA —

Surita, L. M. A. et al.

more yellowish the beef becomes; hence, in
our study the increase in hue after seven days
of storage negatively influenced the color of
meat. These results suggest that the aging
process provided a lesser intensity of red
color to the meat, which is not attractive to
consumers. However, it was beneficial in terms
of improving the water-retention capacity of
meat during storage, as observed by the lower
exudate losses at seven days of aging.

The lower shear force (5.25 Kkg)
observed after seven days of aging (Table
2) is related to proteolysis of structural
components of myofibrils by the action of
calcium-dependent proteases, which causes
weakening of the sarcomere structure due
to degradation of the Z-line, consequently
resulting in the tenderization of meat (Bhat,
Morton, Mason, & Bekhit, 2018).

Similarly, Rodrigues et al. (2008)
attributed the lower shear force observed after
a period of aging in heifers of different genetic
groups to the enzymatic action on the post-
mortem muscles and emphasized that the
seven-day aging period of super-processed
animals was sufficient to make meat tender.
However, the shear force observed in our
study was slightly higher than the limit of 5 kg
to be considered as tender beef (Poleti et al.,
2016).

Using different fillet samples matured
for 14 and 21 days, Delgado, Aguiar, Ortega,
Spoto, and Castilho (2006) classified meat
as tender (SF < 4.1 kg) or hard (SF > 4.8 kg)
to determine the perception of Brazilian
consumersregarding bovine meattenderness.
The authors noted that 30.2% of consumers
indicated softness as the most important
attribute during consumption; overall, soft
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steaks scored higher. According to the
authors, these results indicate the importance
of the attribute of softness in the perception
of Brazilian consumers, especially in relation
to the shear force levels used in the study (3.2
and 6.6 kg), which were close to the thresholds
between soft and hard meat. Thus, regarding
the pattern of tenderness that our consumers
prefer, we can infer that the meat evaluated
in this study can be considered to have a
soft texture after a period of aging; however,
other qualitative characteristics have to be
considered before establishing the product in
the market.

Conclusion

The texture of the meat of crossed
heifers was softer after a period of aging;
however, it displayed a lesser intensity of red
color, which consumers may not find desirable.
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