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Intramuscular fat content (marbling) is an economically important factor in many beef carcass classification systems.
The aim of this study was to evaluate marbling of longissimus muscle with different methods (USDA marbling
score, image analysis of X-ray computed tomography scans, and conventional method), moreover it was aimed to
establish the relationship between marbling traits and SEUROP conformation and fat score. Bulls (n=46) were
slaughtered at an average weight of 536+126 kg and an average age of 646+437 days. The average growth rate of
bulls was 955 g day!, the average chemical fat content of longissimus varied between 2.3 to 5.0% in fat classes. The
intramuscular fat content on CT-scans closely correlated with chemical fat content (1=0.9). The highest frequency of
USDA marbling score was “small” (55.2%), followed by “slight” (25.5%), “modest” (17%), and “moderate” (2.1%).
Bulls with higher growth rate had lower CT-measured marbling traits in longissimus muscle (r = -0.4 — —0.5). The
CT scans of longissimus muscle can be used for the evaluation of marbling in Hungarian Simmental cattle. The
SEUROP conformation and fat score have no relationship with marbling traits.
Keywords: beef, intramuscular fat, marbling traits

Among many beef quality traits marbling is one of the most important quality characteristics
of meat demanded by consumers (PLATTER et al., 2005; MoRALEs et al., 2015). According to
Troy and co-workers (2016), marbling not only provides higher eating quality of beef but
also contains higher level of polyunsaturated fatty acids (PUFA) and monounsaturated fatty
acids (MUFA) compared to other fats in beef. As a consequence, this determination and
analysis of marbling plays an important role in the quality evaluation of meat. Marbling score
is a component of several beef quality grading systems in the world including the United
States, Japan, and Australia. It refers to visible fat found between muscle fibre bundles within
the longissimus muscle. Marbling score is assessed subjectively (visual appraisal) by a grader
during the process of assigning beef quality grade. Chemical analysis is another conventional
method for meat marbling evaluation, and it has been widely used as a standard method for
the accurate determination of intramuscular fat content. The intramuscular fat simply
quantifies the amount (percent) of fat within the muscle, but marbling score considers amount,
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distribution, and texture of fat, too. It is recognized that the distribution and size of marbling
particles are relevant for meat quality (FERGUSON, 2004).

In Europe, neither intramuscular fat level nor other meat quality traits have been
introduced into SEUROP based grading system. However, in order to meet the increasing
consumer demands for improved beef quality, these expectations have become relevant.
Nowadays, several innovative instrumental methods are being applied in meat industry in
order to realise the rapid and on-line evaluation of marbling degree. These are mainly
spectroscopic methods (NIR, NMR) but several imaging techniques are also known, such as
computer image analysis (IRIE & CoHIra, 2012), X-ray computed tomography (NADE et al.,
2005; HoLLo et al., 2007; Navaias et al., 2009; FrisuLLo et al., 2010; FonT-1-FURNOLS et al.,
2014), and magnetic resonance imaging (LEE et al., 2015) measurements.

The aim of this study was to evaluate marbling traits of longissimus thoracis muscle
with different methods: USDA marbling score, intramuscular fat content (IMF) by image
analysis of X-ray computed tomography (CT) scans, and by conventional analytical method
in order to investigate possible relationship between methods and to determine the effect of
SEUROP conformation/fat score on the intramuscular fat level.

1. Materials and methods

Bulls (n=46) were slaughtered at an average weight of 536+126 kg and an average age of
646+437 days. The overall data represented a wide range of slaughter weights (351-767 kg).
At slaughter, bulls were stunned with a captive bolt gun and killed by exsanguination. The
following traits were recorded at slaughter: slaughter weight, hot carcass weight, and EU
classification data. Carcasses were assessed by trained operator for conformation (an 18 point
scale: scale 1 (poorest) to 18 (best)) and fatness (a 15 point scale: scale 1 (leanest) to 15
(fattest)) according to EU beef carcass classification scheme with the use of subclasses. After
24 h, chilled samples were taken from the right half carcass at the 12th rib. USDA marbling
score was assessed visually at the cut surface of the 12th ribeye and was classified into one
of ten different degrees; from practically devoid to abundant. CT-examination of 12th rib cuts
was performed 3 days post mortem at the Institute of Diagnostic Imaging and Radiation
Oncology of Kaposvar University. Scans were executed by using a 16-slice CT system
(Siemens Somatom Sensation Cardiac, slice thickness: 5 mm, 120 kV). The average numbers
of cross-sectional images were 13 for the 12th rib, the number of scans varied from 12 to 15
scans, depending on the size of rib cut. On each scan, the longissimus muscle area as ROI
(region of interest) was selected by manual method. Image analysis was performed by
thresholding segmentation with the usage of MANGO (3.8, 2016) software. MANGO is
multi image analysis software package, originally developed for medical image analysis;
easy to use and provides useful options to display, edit, analyse, process, and save images.
For the evaluation of IMF in longissimus muscle HU values between —200 — +20 was used.
Volumetric tissue content and tissue area of fat and muscle were determined. After CT
examination, samples were transported to the Analytical Laboratory of the University. After
removing surface fat, lipid content of muscle (IMF) was determined gravimetrically by
Soxhlet method, using petroleum ether as solvent.

Data were statistically analysed by ANOVA using IBM SPSS 20.0 software. We
compared mean values between main SEUROP fat grades (1, 2, 3). Tukey’s test was used to
compare differences between mean values at a 5% level of significance. All results are given
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in tables as mean and standard deviations and Pearson’s correlation of intramuscular fat
measured with different methods beside other estimated carcass and slaughter traits. The root
mean square error and R? for the regression models were determined.

2. Results and discussion

The European grading system primarily focuses on yield estimation, which is based on
describing carcass conformation (S: superior muscled, U, R, O, and P: very poorly muscled)
and external fat level (from 1: very lean to 5: very fat) (POLKINGHORNE & THomPsoN, 2010).
However, the European grading system does not provide any quality-related information.
Table 1 summarises the carcass and longissimus muscle traits according to SEUROP fat
classes. The average hot carcass weight was 294 kg, and there was a significant difference
between fat grades. It seems that carcass weight increased with fat grade. Mean values of
SEUROP conformation grade in fat classes varied from 4.2 (O0) to 7.4 (RO0). Higher fat grade
was paired with significantly more favourable conformation grade. The average live weight
growth rate and the net carcass gain of bulls were 955 g d! and 519 g d™!, respectively. There
were no significant differences between SEUROP classes for these traits, but the growth rate
tended to be higher in higher fat grades.

Table 1. Carcass and longissimus muscle traits among SEUROP fat grade

Traits SEUROP fat grade

1 (n=10) 2 (n=26) 3 (n=10) Overall mean P-value
CARCASS
Hot carcass weight, kg 195.4+26.9 291.0+60.3  412.2+137.2  293.7+84.4 Ak
SEUROP muscle grade (1-15) 42425 5.6£1.4 7.4+0.6 5.7£1.6 K
Net carcass gain, g d! 4434209 519+123 597+144 519+137 NS
Live weight gain, g d! 8824422 9474215 1088+330 955+252 NS
LONGISSIMUS
Marbling score, USDA 1.84+0.5 1.9+0.8 2.24+0.8 2.0+0.7 NS
Intramuscular fat, % 5.0+£2.8 2.3+1.6 4.1£1.8 2.8+1.9 **
Average CT value, HU 61.2+8.5 65.4+3.8 61.2+4.3 64.5+4.7 *
CT fat content, % 3.843.3 1.1£1.0 2.9+2.4 1.9+1.5 o
CT muscle content, % 95.9+3.4 97.9+1.7 96.4+2.2 97.5+2.1 *
CT fat area, mm? 2629+1264 891+£183 1832+313 1176+599 *
CT fat volume, mm? 1314346309 44534913 9159+1562 5878+2989 *

*: P<0.05; **: P<0.01; ***: P<0.001; NS: not significant

Marbling is an economically important factor in many beef carcass classification
systems such as in USDA (United States Department of Agriculture). The USDA quality
grades are used to predict the palatability of meat from a beef carcass, using carcass
physiological maturity and marbling (USDA, 1997), moreover, instrument grading for
determining USDA quality grades of beef carcasses was accepted in 2006 by the USDA
(USDA, 2006).
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SEUROP fat grades differed significantly for the examined marbling traits, except for
USDA marbling score. The highest frequency of USDA marbling score was “small” (55.2%),
followed by “slight” (25.5%), “modest” (17.2%), and “moderate” (2.1%). The highest USDA
marbling scores were given for bulls belonging to fat class “3”.

The lipid content also plays an important role on the juiciness of beef. The decrease in
intramuscular lipid content can also reduce tenderness (THompson, 2004). A minimum amount
of intramuscular fat is needed for flavour to be expressed, and to achieve acceptable consumer
satisfaction is about 3% to 4% for beef (HocQUETTE et al., 2010). The chemical fat content of
longissimus varied between 2.3 to 5.0% in fat classes, whereas the maximum and minimum
value of chemical fat content was 0.6 and 7.9%, respectively. ENDER (1997) reported an
average value of IMF content of 2.2% in European breeds, with the most common span of
minimum (1.2%) and maximum (3.2%) values being 2%. According to our results, higher
intramuscular fat level was found in lower conformation classes. Previously, NoGaLski and
co-workers (2013) found that carcass classification of fat classes in line with SEUROP
system showed no differences between carcasses suggesting a similar intramuscular fat
content. The SEUROP system may adequately describe carcass muscling characteristics, but
it does not predict eating quality, especially marbling (Bonny et al., 2013). Marbling has been
widely used as a major factor in predicting eating quality, because higher intramuscular fat is
considered to improve eating quality traits (HocQUETTE et al., 2010).

Therefore, it would be useful to be able to determine the intramuscular fat content of a
cut or muscle by a rapid, non-destructive method.

Similar to chemical fat content, CT fat content was the highest in fat class*“1”. On CT
scans, the lower density tissues such as fat present lower (usually negative) Hounsfield values
and darker colours than the higher density (usually positive Hounsfield values) tissues such
as lean tissue and bone. In agreement with this, the higher fat content in longissimus muscle
resulted in lower Hounsfield unit measured average CT value, and with the incensement of
CT fat content CT muscle percentage decreased. The CT value of intermuscular and
subcutaneous fat contents are associated with negative Hounsfield values (—200 ——20: HoLLO
et al., 2007), but for the evaluation for intramuscular fat, positive Hounsfield values (200 —
+19: HoLLO et al., 2012, +10 — +20: Font-I-FurNoLs et al., 2014) should also be included in
the analysis. The average CT fat content of longissimus was lower (~1%) than chemical fat
content similarly to previous findings of ANToN et al. (2013). In the present study, the highest
intramuscular chemical fat level and CT fat percentage of longissimus muscle was obtained
by bulls classified as SEUROP fat grade 1, followed by fat grade 3, and the lowest
intramuscular fat level was measured in carcasses with SEUROP fat grade 2.

Table 2 presents the simple correlation matrix of examined traits.

Bonny and co-workers (2016) concluded that SEUROP conformation and fat score have
no relationship with eating quality. In our study, carcass traits moderately correlated with
each other, but did not relate to longissimus muscle traits. Guzek and co-workers (2013)
described similar findings in Limousin bulls.

USDA marbling traits loosely correlated with intramuscular fat values obtained by CT
and Soxhlet method. In a study conducted in Japan (OxaBE et al., 1999), good correlation
(r=0.8) has been reported between intramuscular fat and marbling detected at 6/7th rib. In
contrast, weak to modest correlations have been found in Australian studies. Using the AUS-
MEAT marbling scores, TayLor and Jounson (1992) reported correlation of 0.32 at the
10/11th rib position.
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PoLAk and co-workers (2008) found that the grey value of ultrasound images measured
by computer image analysis was significantly correlated with the content of chemical IMF
r=0.78; P<0.01, for Slovak Simmental breeds.

The fat percentage and fat area in longissimus muscle on CT-scans closely correlated
with chemical fat content (1=0.81 and 0.85, respectively). FrisuLLo and co-workers (2010),
who used X-ray microcomputed tomography to quantify the intramuscular fat content of
beef, have found high correlation coefficient (r) of 0.9 between percentage object volume and
IMF content. Similarly to the current experiment, the intramuscular fat levels measured by
CT were generally lower compared to values of the chemical percentage method, but the
correlation between mentioned methods was significant (HoLLo et al. 2012). AnToN and co-
workers (2013) compared chemical analysis or dissection with CT in order to determine the
intramuscular fat and carcass fat content of beef. The correlations were between intramuscular
fat (% from Soxhlet analysis) and CT fat (%) in musculus longissimus dorsi, and between
dissected fat (%) of the right carcass-half and CT fat (%) between the 11th and 13th rib joint
of 0.71 and 0.96 (P<0.001), respectively. The use of CT to predict eating quality through
assessment of intramuscular fat percentage and shear-force of the longissimus lumborum has
been also investigated by Navaias and co-workers (2009). KaramicHou and co-workers
(2006) demonstrated muscle CT density in sheep was correlated to meat quality traits. In the
current study negative correlation was detected between CT fat and CT muscle percentage,
as well as average CT value and fat content.

It is important to evaluate correlations between growth rate and marbling traits. The
selection for faster growth rate resulted in same carcass weight leaner carcass. Animals are
less mature and subsequently have reduced intramuscular fat in muscles. The amount of
marbling and growth rate may all vary somewhat independently, cattle breeds with different
growth rate compared at same degree of marbling (WHEELER et al., 2005). Generally, fat
deposition increases with the increasing time on feed, and increasing the time on feed can
improve beef tenderness, due to the effect on marbling (Samr et al., 2004). Similarly to these
findings, both live weight gain and net carcass gain demonstrated a negative association with
CT fat percentage and CT fat area. On the other hand, a positive association was seen between
growth rates and CT muscle percentage. It seems that animals displaying higher muscle
growth show reduced development of intramuscular fat during fattening phase.

The coefficient of determination was slightly larger between intramuscular fat and CT
fat area than intramuscular fat and CT fat volume (R?>=0.70 v. R>=0.67 P<0.001) (Table 3,
Fig. 1).

Table 3. Prediction of intramuscular fat content based on cross-sectional CT-images of longissimus muscle from

12th rib cuts
R? RMSE
CT data
Fat tissue content, % 0.62 1.18
Fat tissue area, mm? 0.70 0.90
Fat tissue volume, mm? 0.67 1.15

Overall density, HU 0.36 1.54
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Fig. 1. Relationship between intramuscular (chemical) fat and CT-determined fat contents in longissimus muscle

Moreover, the prediction accuracy is lower based on the percentage of CT fat. PriETO
and co-workers (2010) established prediction models with tissue density values, which
offered R? values of 0.71 and 0.76. In our study, the inclusion of the average CT density in
longissimus muscle in the model to predict intramuscular fat resulted in the lowest coefficient
of determination and the highest RMSE value.

Summing up the results, it was demonstrated that CT is a promising technique for the
evaluation of intramuscular fat content of meat samples. The prediction accuracy of CT is
higher than ultrasound as expected to be. However, more investigations are still needed to
enhance the prediction accuracy of this instrument.

3. Conclusions

There was no relationship between SEUROP classification and intramuscular fat content of
longissimus muscle, yet in contrast, intramuscular fat was highly correlated to CT-data.
Intramuscular fat content in longissimus muscle of Simmental bulls decreased with higher
growth rate (r=—0.40 — —0.50).
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