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Abstract | Marbling and intramuscular fat (IMF) although influence consumers’ preferences are not used for grading
purposes of beef carcasses and meat cuts in Europe. In Greece, a variety of breeds is used for beef production, but
their meat quality characteristics have not yet been evaluated. The aim of the study was to determine meat quality
characteristics on samples obtained from cattle reared for meat purposes in Greece and to investigate if any correlation
between these characteristics, IMF and marbling exists. Thirty steak cuts (12 thoracic rib) obtained from carcasses
of both sexes of three different group of breeds (Holstein, Greek Red breed, crossbreds) were used to determine color
parameters (L% a% 4%), drip and cooking loss, tenderness and IMF. Marbling was estimated using an image analysis
approach. Samples of Greek Red had higher a* value (P<0.05) compared to those obtained from crossbreds. Female
samples revealed higher (P<0.05) values of L* compared to male. Significant correlations were observed between some
of the determined meat quality parameters. A strong correlation (r = 0.798; P<0.01) was noted between IMF and
marbling content. The regression analysis between IMF and marbling resulted in a moderate predicted ability (R?
= 0.64) of IMF based on the estimated marbling values. The findings provide novel information for meat quality of
commercial cuts in Greece and offer a valuable and facile tool for predicting IMF content by marbling values, enforcing
the implementation of such an approach in larger data sets.
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INTRODUCTION 2021).

Beef carcass characteristics affect not only meat quality
but also farmers’ profitability and consumers’ preferences.
Overall meat quality is determined by a variety of factors

|) {l eat, especially that originated from beef, is considered

of utmost importance part of human diet due to
its valuable nutrient content (Scollan et al., 2006). Meat

beef production is, also, one of the most valuable driver of
world’s livestock economy, with significant contribution to
local, national and international trade, economy and society
cohesion. The European Union is ranked at the third
position in beef production after United States and Brazil.
Taken together the beef production of the aforementioned
countries represents roughly the 50% of world’s beef (FAO,

including among others intramuscular fat, water absorption,
color and pH. Marbling, which is defined as the amount and
spatial distribution of visible white flecks of intramuscular
fat being present in the lean of the longissimus dorsi (LD)
muscle, is considered, also, as an important organoleptic
characteristic affecting many qualitive and palatability
characteristics of meat such as color, tenderness, juiciness
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and flavor (AMSA,2001). Marbling, also, affects consumers’
eating quality preferences (Bonny et al., 2018). However,
marbling and, therefore, intramuscular fat content is
variable and are affected by many factors including breed,
sex, diet, age and weight at slaughter (Bosch et al., 2012).
In addition, the optimal marbling score is very subjective
as it depends on countries’ standards, consumers’ demands
and implemented technological processes (Font-i-Furnols

et al., 2012).

Many countries (i.e., Australia, United States, Japan)
developed systematic standards for evaluating marbling as
a proxy to meet consumers’ demands (Polkinghorne and
Thompson, 2010). These standards are based on numeric
scales according to standardized images of the target meat
cuts. In European Union, the SEUROP system, that is
implemented compulsory for beef carcasses classifications
takes into account only carcass conformation and fat
cover and not the marbling score of meat cuts (Reg. EU
1308/2013). Specifically, the classes namely E, U, R, O,
and P are used for conformation purposes, with E class
denoting carcasses with the best conformation. An extra S
class can be used for carcasses with extremely good muscle
development (i.e., double-muscled individuals). Fat cover
is, also, assessed on a five-point scale (1-5). In addition,
although it is based on widely accepted indicators, such
as age, sex, muscle shape, it does not consider carcass as
a complex and heterogeneous entity (Ellies-Oury et al.,
2020). Liu et al. (2020) reported, also, that SEUROP fat
scores explain a slight proportion of the variance in marbling
score, depending on the carcass category (bull, heifer etc.),
rendering it as a weak tool for marbling estimation. The
lack of a strong and clear link between sensory scores and
European carcass classification standards shows that the
European beef industry cannot rely on them and needs, also,
to integrate alternative measures into SEUROP system in
order to enable meat quality and to deliver consistent beef
quality to the consumers (Bonny et al., 2018). In this line,
image analysis methods, that have been well documented
as valuable and ease tools for beef carcasses or marbling
scoring (Craige et al., 2012; Candek-Potokar et al., 2015),

could form an alternative.

The beef sector in Balkan peninsula and especially in
Greece has a great interest due to the peculiarities met
in the farming systems, especially by terms of the variety
in breeds intended for meat production (Nikolaou et al.,
2020). Local Greek breeds do not meet the qualitive and
quantitative demands of the sector and, therefore, farmers
usually import heterogeneous foreign meat type purebreeds
and crossbreds or use crosses between local (autochthonous)
breeds and beef breeds or even Holstein breed. A typical
example of crossbred animals used for meat production in
Greece is Greek Red, which has been recently recognized

as a Greek beef type breed. The Greek Red was formed by

continuous crossbreeding of local cattle (i.e., Brachyceros)
with exotic bulls of dual-purposed Schwyz or Simmental
breeds or with meat—type Limousin bulls (DAD-IS,2021).

Even though a large number of beef breeds reared and
slaughtered in Greece, there is a lack of information
regarding their meat quality characteristics. Thus, the present
study aims to: (i) determine meat quality characteristics
(pH, color, tenderness, drip loss, cooking loss) and
intramuscular fat (IMF) content on meat samples obtained
from cattle reared in Greece; (ii) estimate the marbling
percentage (IMP) using a computer based method (image
analysis approach), which could further serve as a facile
method for a quick evaluation of marbling content in meat
chain industry independently from chemical analyses and
iii) investigate if any correlation between the determined
values of IMF and MP exist, which could serve as a proxy

for an estimation of IMF for further implications.

MATERIALS AND METHODS

ANIMALS AND MEAT SAMPLES

A total of 30 beef steak cuts (12® thoracic rib) obtained
from carcasses of both sexes and of three difterent group
of breeds were used in the study. Animals were bred under
intensive farming conditions in different places of northern
and central Greece. Carcass samples were obtained 24
hours after slaughter from the following group of breeds:
Holstein (n= 8), Greek Red (n= 9) and crossbreds (n= 13).
Crossbred carcasses were considered those originated from
a cross of local breeds and cosmopolitan beef breeds. Eleven
samples were from female carcasses, while the rest (n=19)
from male carcasses. According to the official documents
of the slaughterhouses, the slaughter age of the animals
was between 8—24 months.

CARCASS QUALITY PARAMETERS’ MEASUREMENT
Muscle pH at 24 h postmortem was measured directly on
the longissimus thoracis muscle of the 12 thoracic rib using
a Sentron 1001 pH System (Roden, Netherlands) model
from the left side of the carcass. pH meter calibrated in
buffers at pH 4.0 and 7.0 (Merck, Darmstadt, Germany)
at ambient temperature. For color measurements, the part
of longissimus thoracis muscle between 12* and 13™ ribs
were sliced across the fibers, left exposed to the air at room
temperature for blooming during 30 min and measured
(3 measurements per sample) using a Miniscan XE
Chroma Meter (HunterLab, Reston, VA, U.S.A.) set on
the L, a*, b* system. A white and a black tile were used as
standard. After color measurements, samples were stored
at 4 °C for further analyses.

On the third day postmortem, the rib-eye area of the
longissimus thoracis muscle from each sample of the 12*

March 2022 | Volume 10 | Issue 3 | Page 507

@ =] .
Qo Links
**@Researchers



OPEN aACCESS

Advances in Animal and Veterinary Sciences

steak, was weighted and placed in plastic bags, cooked in
a water bath at 70 °C for 1 h and then left under running
water for 45 min. The sample was weighed again to estimate
the percentage of cooking loss (%). Six sub samples with a
cross section of 1 cm? were cut parallel to the muscle fibers
and shear force value of the longissimus thoracis muscle was
measured using a Warner Bratzler (WB) shear blade fitted
to a Zwick Testing Machine Model Z2.5/TN1 S (Zwick
GmbH and Co, Germany). Peak force values in Newtons

were recorded.

For drip loss (DL) determination (percentage of released
water), muscle samples weighing about 500 mg (P1)
were placed between filter paper and two plastic pieces
and then pressed for 5 min, using a weight of 10 kg. The
muscle samples were then removed and re-weighed (P2).
Percentage of released water was estimated as DL (%) =

{(P1-P2) / P1} x100.

Measurement of intramuscular total lipids was performed
using the method described by Folch et al. (1957). Tissue
samples were homogenized using a 2:1 (v/v) chloroform/
methanol mixture (Sigma-Aldrich Chemical, Steinheim,
Germany) to a final dilution of 20-fold the volume of the
tissue sample. The crude extract was mixed with 20% of its
volume with water and left overnight for the separation
of two liquid phases. The lower phase contained the tissue
lipids.

IMAGE ANALYSIS OF MARBLING

'The muscle surface area at the 12th rib eye section of each
steak was photographed by a digital camera (Canon EOS
7D) from a height of 40 cm height without using flash-
light. Each sample was photographed over a blank white
surface with a ruler close to the meat cut to obtain the
pixel: mm ratio for further image analysis. To determine
the percentage of marbling particles each image was
analyzed using Image J software (Schneider et al., 2012)
following the procedure previously described (Giaretta et
al., 2018) with slight modifications based on software’s
documentation. The steps that were followed were: Firstly,
the scale pixel/mm was set converting pixels to mm units
using a ruler presented in each photo. Then, each image
was splitted into the three separately color channels (Red-
Green-Blue) and the channel with the lowest background
noise (i.e. Green in the present study) was selected. The
image on the selected color channel was converted into
grey scale 8-bit image and the threshold, using the Otsu
method, was adjusted to highlight the marbling fat (white
spot particles) over muscle background (black). The part
of the image containing the area of interest (rib-eye) was
manually selected and the analysis of marbling fat particles
was further performed. The minimum size of fat particles
considered as marbling fleck was set at Imm (Lee and

Choi, 2019). The percentage of marbling area (%) was

calculated as the marbling particles area related to the
image selected area expressed as percentage (Figure 1). To
eliminate subjective operator differences, image acquisition
and measurements (three measurements per sample) were
conducted by a single experienced operator.

Figure 1: Image analysis method analysis using ] software
for estimating marbling percentage. The longissimus thoracis
muscle cross-section (rib eye area) was firstly selected (A),
converted into 8-bit image (B) and then the selected area
was separated (C) and binarized (D) to highlight the
marbling fat (white spot particles) over muscle background
(black). Then, the binarized image was separated into
two images; one showing the whole selected rib eye area
(E) and one presenting spots areas of spotted particles
(F). Marbling percentage was calculated as the marbling
particles area (F) related to the area of the selected rib-eye
area (E).

STATISTICAL ANALYSIS

A Pearson correlation was conducted in order to investigate
any correlation between the examined parameters. In
addition, the following multivariate General Linear Model
was used to examine the effect of breed and sex on the
determined carcass quality characteristics:

Yijk= p+ B, +Sj + Cov(Sw), + €k

Where,

Y. = the examined quality trait; p = the mean; B, = the

fixed effect of breed (i =1: Holstein; 2: Greek Red; 3:

Crossbreds); S = the fixed effect of sex (j = 1: male; 2
= female); COV(SW) = the covariance of the animal’s

slaughtered weight; ¢, = the random error.

The effect of “Breed x Sex” did not found statistically
significant (P>0.05) and, thus, it was excluded from the
model. Post-Hoc tests (pairwise comparisons) were
conducted using a Bonferroni test correction. In order to
turther examine the possibility of predicting intramuscular
fat (IMF) content using the estimated marbling values
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derived from image analysis process, a linear regression
analysis was conducted between chemical determined
values of IMF and the values estimated by Image analysis.
All statistical analyses were performed using SPSS v.26
(IBM, 2019) setting a significance level at P <0.05.

RESULT'S

Table 1 represents the effect of breed and sex on the
determined meat quality parameters and mean carcass
weight. Overall mean carcass weight was 289.19 + 16.34
kg. A significant (P < 0.05) higher value for a* parameter in
meat samples from Greek Red (19.02 + 1.12) was observed
compared to the respective samples of crossbreds (15.79 +
1.06). The pH value as well as tenderness and drip loss did
not affect by breed or sex (P> 0.05). IMF and marbling
percentage value determined in each sample are shown in
Figure 2. IMF was found significant (P < 0.05) higher in
meat samples from Holstein (2.99 + 0.47 %) compared
to the respective value of crossbreds (1.49 + 0.42 %).
Regarding marbling, meat samples from Holstein breed
found to have significant (P<0.05) higher values (3.62 *
0.65 %) of marbling compared to the respective samples of
Greek Red (1.74 + 0.60 %) and crossbreds (1.25 + 0.57 %).
'The same was also noted for marbling between samples of
Greek Red and crossbreds (P<0.05). Sex affected only the
L* parameter of color. Meat samples from female animals
had significant (P<0.05) higher values (37.36 + 1.47) of L*
compared to the respective samples originated from male

animals (32.82 = 1.01).
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Figure 2: Scatterplot of intramuscular fat (IMF; depicted
as triangle) and marbling percentage (depicted as dots) in
the analyzed samples (Holstein: samples 1-4, 12, 18, 20,
21; Greek Red: 5-7, 26-30; Crossbreds: 8-11, 13-17, 22-
25).

Correlation coeflicients between the determined meat
quality characteristics are shown in Table 2. A statistically
significant correlation was noted between i) L* and the

percentage of cooking loss (r = 0.391; P < 0.05), ii) a*and
b* color parameters (r=0.919; P < 0.01),iii) tenderness and
L* (r=0.409; P < 0.05) and iv) the percentage of chemical
determined IMF and the estimated marbling percentage
using an image analysis approach (r = 0.798; P < 0.01).

Regression analysis results and the predicted equitation
between the estimated marbling values and the chemical
determined IMF content are shown in Figure 3. The
estimated R’ of the model was 0.64 (P< 0.001), the
constant (2) was 0.80 and the slope () of the regression
line was estimated 0.60 (P < 0.001).

80 Y =080+060X, R? =064

i

640

Intrarmuscular Fat

Iarbling

Figure 3: Linear regression analysis between the chemical
determined intramuscular fat (IMF %) and marbling (%)
estimated by image analysis.

DISCUSSION

Many studies have been previously conducted as an
attempt to connect meat quality characteristics (color,
tenderness, marbling, intramuscular fat etc.) with breed,
sex or conformation scores of carcasses. These studies
have been, mainly, focused in samples obtained from pure
beef breeds or crosses between them. In many countries
where beef livestock sector is not so well developed, a
wide variety of carcass quality is observed as a result of
the heterogeneous genetic material that is used. A typical
example of such situation is Greece, where beef production
is based mainly in crosses between local breeds and meat
type breeds (i.e., Limousin), heterogeneous crosses between
meat type breeds or Holstein calves. Herein, we attempted
to determine meat quality characteristics from meat
samples obtained from breeds reared for beef in Greece.
In, addition, we tried using a computer-based method to
estimate marbling percentage and to further correlated it
with the chemical determined IMFE, which may be used as
a proxy to estimate IMF for future consumers’ purposes.
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Table 1: Effect of breed and sex on the determined meat quality characteristics of M. longissimus thoracis. Values are

presented as least squares mean * standard error.

Parameter Breed
Holstein Greek Red
pH 5.54* £ 0.32 5.77* +0.29
L* (lightness) 34.68* + 1.55 34.84* + 1.40
a* (Redness) 16.91*%+ 1.20 19.02* = 1.12
b*(Yellowness) 14.82* +1.19 17.31* £ 1.10
Cooking loss % 23.24*+ 1.94 24.53*+1.80
Drip loss % 27.87* £ 2.71 30.07% £ 2.52
Tenderness (Nt) 59.18* + 8.87 68.41* + 8.23
IMF % 2.99* + 0.47 1.88%> + 0.43
Marbling % 3.62*+ 0.65 1.74% + 0.60
Slaughter weight (Kg) 253.40+ 25.44 247.61*+ 16.02

Sex
Crossbreds Male Female
5.39*+0.279 5.63*+ 0.22 5.48* + 0.29
35.74* + 1.37 32.82* +1.01 37.36" £ 1.47
15.75> + 1.06 17.52* + 0.83 16.96* + 1.14
14.73* +1.06 15.19* +0.82 16.05* + 1.13
24.70* £ 1.71 25.55* +1.33 22.77* £ 1.84
32.29* + 2.39 30.73* + 1.87 29.42% + 2.57
71.52* + 7.82 72.29* + 6.09 60.45* + 8.38
1.49° + 0.42 1.61* £0.32 2.63* £ 0.45
1.25¢+0.57 1.67* + 0.44 2.74* £ 0.61
340.00°+ 26.53 327.81+ 20.67 222.49° + 9.32

»b< Different superscripts in the same row of each factor (breed or sex) indicates statistically significant differences (P<0.05).

Table 2: Pearson correlation coeflicients (r) between the determined meat quality characteristics.

Parameters L a* b* Cookingloss % driploss% Tenderness Marbling%  IMF %
pH,, -0.416 -0.580 -0.573 -0.182 0.052 -0.454 0.010 -0.004
JE 0.009 0209  0.391 -0.017 0.409 0.239 -0.091
a* 0.919"  0.027 -0.182 -0.010 0.029 0.016
b 0.011 -0.195 0.126 0.064 -0.045
cooking loss (%) 0.241 0.396" 0.031 -0.164
drip loss (%) -0.035 0312 0172
Tenderness (Nt) 0.053 -0.151
Marbling % 0.798"

*P<0.05™P<0.01

The first finding emerging from our study is that color
parameters were affected by breed or sex only in regard
to a* and L* parameter, respectively. Generally, the herein
determined meat quality values are comparable with beef
quality characteristics reported previously (Prieto et al.,
2010; Coleman et al., 2016). Our estimated a* values were
higher compared to that reported by previous studies,
that examined samples from cosmopolitan beef breeds
(i.e., Limousin, Simental, Angus) or their crossbreds
(Muchenje et al., 2008; Coleman et al., 2016). Contrary,
higher estimated mean values for 4* have been reported
for Limousin and Angus breeds (Prieto et al., 2010), but
our values fall into their reported range of 4* value. Such
differences in meat color among breeds can be attributed
to variations in IMF and/or meat moisture content
(Mancini and Hunt, 2005). Indeed, between the two
examined groups (Greek Red and crossbreds) significant
differences in IMF content were observed, and a higher
drip loss (although not significant) was, also, noted in the
examined samples of the crossbreds, which could explain
the observed difterences.

The higher L* value observed, in female meat samples

compared to males are in accordance to previously
reported studies (Zhang et al., 2010; Marenci¢ et al.,
2018). Generally, higher pH values have been correlated
with darker color in bull meat, due to the more rapid
glycolysis appeared postmortem (Immone et al., 2000).
Higher degree of intramuscular fat (marbling) can, also,
result to higher L* (Page et al., 2001). Even statistically
not significant, higher IMF and slightly higher pH values
were noted in female meat samples (Table 1), possibly
attributing to the higher observed L*value.

In regard to pH values, drip loss and tenderness, the
determined values are within the range reported in
previous studies (Page et al., 2001; Coleman et al., 2016;
Marenci¢ et al., 2018). Although these parameters can
be affected by many factors like i.e., genotype, feeding,
treatment before or after slaughter, treatment of carcass
after slaughter etc., this was not observed in our study
possibly either due to the high variability observed in some
values (i.e., tenderness) or due to the fact that many of these
parameters are corelated to each other. The noted range
of slaughter weight (247.61-340 kg) is considered lower
compared to that reported by previous studies (over 420 kg)

March 2022 | Volume 10 | Issue 3 | Page 510

)
Ol Links
**@Researchers



Advances in Animal and Veterinary Sciences

conducted on meat type breeds or other crossbreeds. This
can be explained either by different consumers’ demands
by terms of carcass characteristics or to differences on the
implemented farming systems.

Moreover, samples of Greek Red breed showed significant
different values of IMF (%) and marbling (%), compared to
the other two breeds. This is in accordance with previously
studies stating that both characteristics are affected by
breed (Dinh et al., 2010; Miguel et al., 2011). Interestingly,
the determined IMF (%) corresponds to lower classes (i.e.,
traces or slight) of marbling score classification in meat
quality standards adapted by non-European countries
(USA, Japan,etc.), possibly reflecting a different consumers’
preferences. Indeed, many European consumers prefer
nowadays beef meat with low fat content as a healthier
nutrient approach, which is slightly opposite to the
respective preferences of other countries that prefer mainly

beef cuts with medium or high marbling (i.e., USA).

Another finding revealed from the present study is the
significant correlations observed between some meat quality
parameters and chemical composition traits. Cooking loss
was positively linked (r = 0.409) with shear force, which
is in agreement with previous studies (Monteiro et al.,
2013). Tenderness is influenced more by cooking loss than
any other physiochemical trait (Monteiro et al., 2013).
Interestingly, a strong correlation was observed between a*
and 4* parameters. There is no physiochemical profound
explanation as to why this correlation observed, apart from
the fact that a strong genetic link exists between these
two parameters (Praat et al., 2013). The noted correlation
between L* and cooking loss (%) or drip loss (%) indicate
the importance of IMF and water content of meat samples,
as both influence lightness and losses during cooking or

dripping.

In regard to IME it is generally, highly correlated with
marbling score (Kruk et al., 2002; Lee and Choi, 2019).
Therefore, the strong correlation observed between the
IME, as determined by Folch method, and the marbling
content, estimated by in-silico approach, supports this
notion. Our results are, also, in line with previously reported
studies focusing on the relationship between intramuscular
fat determined by chemical methods and image processing
approaches. Giaretta et al. (2018) reported a high degree
of correlation (r = 0.62) between the two approaches in an
Angus beef study. Similarly, a high correlation coeficient
(r = 0.66) reported in the case of crossbred beef samples
(Silva et al., 2010). In contrast, an earlier study (Ishii et al.,
1992) noted a low degree of correlation (r = 0.34) between
the two methods due to weaknesses existed that era in
image clarity and processing.

Many studies have been previously conducted attempting
to estimate marbling using non chemical methods
(Konarska et al., 2017; Veldsquez et al., 2017). Image
analysis has been developed for objective evaluation of
meat quality and further for evaluating meat marbling
(Yang et al., 2006; Irie and Kohira, 2012; Lee et al., 2018).
Image analysis is preferred as a method because it is: (a)
less time-consuming and more affordable compared to
other methods i.e., infrared spectroscopy or hyperspectral
imaging technology; (b) non-invasive as it does not destroy
the sample and (c) it can easily be used at slaughterhouses
during carcasses evaluation. Based on the strong link
observed between IMF and marbling values, we further
proceed in a regression analysis in an attempt to predict
IMF using marbling content estimated by image analysis.
'The estimated R?(0.64) in our regression analysis revealed
a moderate (0.5 < R? < 0.7) predicting ability (Moore et al.,
2013). Samples with marbling value >2.5% did not fitted
well in the determined regression line (Figure 3). This is
due to the low representativeness of samples with a fat
content more than 3%, which did not allow for a better
model prediction. However, as consumers’ preferences
(in Greece) are focused mainly on low or even with
limited intramuscular fat content of beef portions, the
implemented method could provide valuable information
of IMF using marbling values estimated by image analysis.
'This, also, enforces the verification of such an approach in
larger data sets, which could further assist the quick and
facile marbling estimation under SEUROP system for
consumers’ needs or other breeding purposes.

CONCLUSIONS AND
RECOMMENDATIONS

Beef meat quality characteristics were determined in
samples obtained from breeds reared for beef purposes in
Greece. Samples of Greek Red breed, showed a significant
higher value of a* color parameter compared to samples
obtained from crossbreds. In addition, meat samples from
Holstein had a higher marbling content compared to the
restexamined breed groups. Significant positive correlations
were noted between some of the determined meat quality
parameters. A significant strong correlation observed, also,
between chemical determined IMF and marbling content,
estimated by an image analysis approach. The regression
analysis between IMF and marbling resulted in a moderate
predicted ability of IMF based on marbling estimated by
image analysis. A better fit on the model noted for low
values of marbling (< 2.5%). Our findings provide novel
information regarding meat quality of breeds reared for
beef purposes in Greece and offer, also, a valuable tool for
predicting IMF content using marbling values estimated
by a non-invasive approach, enforcing, therefore, the
implementation of such an approach in larger data sets.
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