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For the European abattoirs, the preferred carcass grading site is at the fifth rib, and cutting
at the tenth rib as in Australia could lead to a lower economic value of the carcass.
Therefore, the objective of this study was to compare the grading scores of marbling
and the meat and fat color on Musculus longissimus thoracis et lumborum (LTL) at the
fifth and the tenth thoracic vertebrae. The consequences on the prediction of beef eating
quality using the Meat Standards Australia (MSA) grading scheme were also evaluated
for cull cows, which produce the majority of beef consumed in France. Carcasses from
208 French cattle, mainly Limousine cows, were graded according to the Australian Beef
Carcase Chiller Assessment System (ABCAS) used for the implementation of the MSA
system. The results indicate that there was no significant difference in the marbling score,
between the fifth and the tenth ribs and hence in the MSA index and in the Global Quality
[meat quality (MQ4)] scores calculated from marbling values from either the fifth rib or the
tenth rib. However, the meat color at the tenth rib was significantly darker than that at the
fifth rib (o < 0.01), and the fat color at the tenth rib was significantly yellower than that at
the fifth rib (o < 0.001). The results of this study suggest that the grading of marbling can
be conducted on M. LTL at the fifth thoracic vertebrae for routine use of the MSA system
in France and, more generally, in Europe. However, further investigation and adjustment
would be needed for other critical MSA scores (such as rib fat thickness) while respecting
the European carcass quartering practices.

Keywords: marbling, meat color, fat color, grading site, beef carcass, Meat Standards Australia (MSA) grading
scheme

INTRODUCTION

A regular decline in beef consumption has become a big challenge for the European beef industry
(1). France, the largest beef producer in Europe, has also experienced a decreasing trend in beef
consumption (2). However, despite the declining consumption, FranceAgriMer (3) reported that
the household interest in premium beef was growing. Ellies-Oury et al. (4) also demonstrated that
an eating quality guarantee scheme would be of interest to French consumers.

To date, the most advanced beef grading scheme is probably the Meat Standards Australia
(MSA) system, which has been known as the most well-established beef eating quality guarantee
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system (1). The aim of the MSA grading system is to ensure that,
when consumers purchase a cut of beef, it will have the eating
quality promised by the MSA label when it is cooked according
to the recommended method (5). The meat quality (MQ4) score
was developed to rank the potential eating quality of individual
muscle cuts, and the MSA index is used to assess the average
eating quality across the whole beef carcass (6).

In France, where 61% of the beef consumption originates from
cull cows (7), the “Label Rouge” quality sign has been used to
ensure the eating quality of cuts for the consumer, especially for
beef produced from the late-maturing breeds (such as Charolais
or Limousine breeds). Recently within the framework of the
French national food conference (8), the French meat sector
represented by Interbev decided to increase the proportion of
labeled beef using the “Label Rouge” and other quality signs. The
purpose is to assist consumers to make purchase decisions with
reliable label guidance (4), which is consistent with the aim of the
MSA grading scheme. Indeed, the latter is a reliable description
system of eating quality that could form a basis for retail pricing
and generate product confidence for consumers (9).

Subsequently, several research efforts have been conducted
in Europe to disseminate the MSA methodology as a reference
(10-12) under the auspices of the United Nations Economic
Commission for Europe (UNECE) (13). Being one of the critical
steps in the MSA system, carcass grading parameters contribute
to the basis of the beef palatability prediction model (14). Carcass
grading is performed under the guidance of the Australian
Beef Carcase Chiller Assessment System (ABCAS). According
to ABCAS, marbling, meat color, and fat color can be assessed
on Musculus longissimus thoracis et lumborum (LTL) at any
ribbing site from the fifth to the thirteenth rib (15) for cattle
routinely slaughtered in Australia, most of which are young
steers and heifers. This type of research is still lacking with
regard to old cows and/or mainly late-maturing breeds for any
potential application of the MSA in the European countries,
particularly France.

In general, the most common grading site used by abattoirs in
Australia is from the tenth rib to the twelfth rib (16). In contrast,
in the European system, quarter carcasses are sometimes sold
to the market without further processing. Consequently, the
quartering site in most cases is at the fifth thoracic vertebrae,
and so the cutting at the tenth thoracic vertebrae would often
negatively influence the economic value of the hindquarters.

Thus, the present study aimed to investigate any difference
in LT marbling scores, which were collected according to the
ABCAS procedure between the fifth and the tenth thoracic
vertebrae along with the meat color and the fat color. The
potential impact of the different grading sites on the prediction
of beef eating quality (through MQ4 scores for each cut and
the MSA index for the whole carcass) was also examined.
To complete the previous research with young animals from
early-maturing breeds (15), this study was mainly conducted
with cull cows (which are the major source of beef in France
and, thus, have a strong economic significance) from a famous
and highly distributed late-maturing breed (the Limousine),
producing beef that were already commercialized with the “Label
Rouge” quality sign.

MATERIALS AND METHODS

Animals and Experimental Design

The data used in this study were from 208 carcasses (including
157 Limousine breeds) provided by a commercial slaughterhouse
in Limoges, France. All carcasses were assessed 24 h after post-
mortem. Carcasses were graded by using a single MSA-accredited
grader for at least 20 min after the cutting to allow the meat
to bloom. Assessments, primarily at the tenth rib site and the
secondarily at the fifth rib site, were carried out by using the same
grader, who is highly experienced with carcass grading according
to ABCAS specifications. He is also an official grading trainer
recognized by AUS-MEAT. The conditions of the carcass and
the environment, including ribbing height and angle and grading
practices, such as light angle, are consistent for all assessments
conducted at the two rib sites. For the experiment, the AUS-
MEAT marbling, MSA marbling, meat color, and fat color were
assessed at the fifth and the tenth rib of the same half carcasses
(16). The basic information of the current samples is presented
in Table 1. European conformation and fat scores were both
converted into a continuous 15-point scale as described in the
previous study (17).

Data Collection

All assessments were conducted by following the specifications
of the ABCAS and the AUS-MEAT Reference Standards, which
include the ossification score at the carcass level, as well as the
assessment of marbling, meat color, and fat color on M. LTL.

The AUS-MEAT marbling score reflects the number of
marbling, ranging from 0 to 9 in increments of one. The MSA
marbling score is used to provide a more precise marbling
scale in comparison to the AUS-MEAT and is based on the
United States Department of Agriculture system (18): it provides
scores ranging from 100 to 1,190 in increments of 10. The
MSA marbling score indicates not only the amount of marbling
but also the size, fineness, and distribution of fat inclusions in
muscles (19).

The fat and meat colors are scored according to the AUS-
MEAT scale. Fat color is from 0 to 9. Meat color is from 1A, 1B,
1C, and then from 2 to 7 (which was converted into the following
scale in this study: 1, 1.33, 1.66, 2 to 7).

Prediction of MQ4 Scores and the MSA

Index

The MSA grading scheme allows the calculation or the prediction
of a single palatability or MQ4 score that describes the complete
eating experience of a consumer. It is defined as the combination
of four sensory traits, namely tenderness, juiciness, flavor liking,
and overall liking (20).

The MSA prediction model allows the prediction of MQ4
scores of individual muscles from the carcass for a range of
aging time, hanging method, or cooking techniques using a
multiple regression approach. The parameters used to predict
MQ4 include, among others, animal sex, carcass weight, hanging
technique, hump height, ossification score, marbling score, rib fat
depth, ultimate pH, and days aged (20). In this study, MQ4 scores
were predicted for three cuts [called CUB045 [M. longissimus
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TABLE 1 | Number, mean, SD, minimum, and maximum values for the basic carcass traits.

n Mean SD Min Max
Age (days) 204 3,458 1,835 228 7,422
Carcass weight (kg) 204 356.5 95.8 126.8 729.7
Ultimate pH 198 5.7 0.16 5.3 6.3
Ossification score 185 480 160.8 100 590
European conformation score? 204 87R=) 3.1 1 13
European fat score® 204 7.0(3-) 1.00 3 9
Hump height (cm) 204 6.9 2.5 3.5 18

aFuropean conformation score converted from P (~/=/4+), O (~/=/+), R (~/=/+), U (~/=/+), and E (~/=/+) to 1-15; PEuropean fat score converted from 1 (~/=/+), 2 (-/=/4+), 3 (-/=/4),

4 (-/=/+), and 5 (-/=/+) to 1-15.

thoracis (LT)], STA045, and STP045 (M. LTL) in the MSA grading
scheme] that represent different portions of M. LTL, where the
marbling scores have been recorded. All carcasses were assumed
to be Achilles hung (the most common method) and the cuts
were assumed to be aged for 10 days and grilled. The prediction
of MQ4 scores was made twice for each cut with the same inputs
except for marbling scores, which were recorded either at the fifth
rib or at the tenth rib, the predictions were made using the SP2009
version of the MSA model.

Then, the MSA index was predicted at the carcass level using
the same inputs. The MSA index corresponds, by definition, to
the sum of the predicted MQ4 scores of all MSA cuts, the weight
of each was calculated as the percentage of the total weight of
the MSA cuts in the carcass. To enable a standardized index
reporting, inputs are standardized for the calculation of the MSA
index: all carcasses are assumed to be Achilles hung (the most
common method), and all cuts are assumed to be aged for 5 days
and cooked according to the most common cooking method for
each cut (6). In this study, the MSA index was predicted twice
with the same inputs except for marbling scores, with values
recorded either at the fifth rib or at the tenth rib; the predicted
outputs are with respect to the aging times of 10 and 20 days, the
cooking methods of grill and roast, and the hanging methods of
tenderstretch and Achilles tendon.

Overall, the MQ4 scores and the MSA index for 164 carcasses
were predicted in total due to some missing data. A precise
description and visual support of the MSA methodology and the
prediction of MQ4 (MQ4 scores and MSA Index) are indicated
in the study of McGilchrist et al. (6), Polkinghorne et al. (14), and
Bonny et al. (20).

Statistical Analysis

All statistical analyses were performed by using the R software
(version 3.5.2). Significant differences between means of raw
data, MQ4 scores, and the MSA index for the two grading sites
were determined by using an ANOVA with “aov” function.

A Pearson’s correlation analysis of raw data, MQ4 scores, and
the MSA index were performed by using “stat_cor” and “pairs.
panels” functions to determine correlation coefficients between
the carcass characteristics at both the sites (fifth and tenth ribs).

Linear regression models for MQ4 scores using two sets of
marbling scores from the fifth rib and the tenth rib were done
by using “Im” (linear model) function.

Scatter plots were made by using “ggscatter” function with
“add reg.line” and “stat_cor”.

RESULTS

Grading Scores, Predicted MQ4 Scores,

and MSA Index

Grading scores of the AUS-MEAT marbling, MSA marbling,
meat color, and fat color which were assessed on the LT muscle at
the fifth rib and the tenth rib are presented in Table 2. There were
no significant differences between the values of AUS-MEAT and
the MSA marbling scores at two different locations. In contrast to
marbling, there were significant differences in the meat and the
fat color between the fifth rib and the tenth rib. The meat color at
the tenth rib was significantly darker than that at the fifth rib (p
< 0.01). The fat color at the tenth rib was significantly yellower
than that at the fifth rib (p < 0.001) (Table 2).

In addition to the marbling scores, no significant difference
was observed between the fifth rib and the tenth rib for the
predicted MQ4 scores of three muscle cuts, namely M. LT, M.
LTL at the anterior striploin piece, and M. LTL at the posterior
striploin piece (Table 2). Similarly, no significant difference was
observed for the predicted MSA scores for other cuts (Table 2),
as well as for the MSA index calculated from the MQ4 of the
different cuts of the carcass (Table 2).

Correlations Between Carcass
Characteristics and Grading Scores at the
Two Grading Sites

Table 3 presents the correlations between the ossification score
(which reflects animal maturity) and the ribeye assessment scores
(AUS-MEAT marbling, MSA marbling, meat color, and fat color)
either at the fifth rib or at the tenth rib.

Strong relationships for the marbling score were observed
either for AUS-MEAT measurements and MSA measurements.
Indeed, the correlation coefficients between the fifth rib and the
tenth rib range from 0.74 to 0.91 (p < 0.001).

Furthermore, there was a moderate correlation for the meat
color between the fifth rib and the tenth rib (r = 0.43, p < 0.001).
A significant correlation for fat color between the fifth rib and
the tenth rib was also observed (r = 0.70, p < 0.001). In addition,
the ossification score had a significant and positive correlation
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TABLE 2 | Number, mean, minimum, maximum scores, SEM of marbling, meat color, and fat color scores determined at the fifth and the tenth ribs.

5% rib 10 rib

n Mean Min Max n Mean Min Max SEM P-value
AUS MB' 208 0.7 0 5 207 0.7 0 4 0.06 0.95
MSA MB? 208 288 100 750 207 291 100 680 7.2 0.73
Meat color 208 2.5° 1B 6 208 2,92 1B 7 0.07 0.003
Fat color 197 2.5° 0 6 196 3.52 0 9 0.11 <0.001
MQ4 CUB045° 164 58 46 72 164 58 46 69 0.39 0.97
MQ4 STA045% 164 52 40 67 164 52 40 65 0.42 0.95
MQ4 STP045° 164 50 37 66 164 50 37 63 0.44 0.94
MQ4 OYS036° 164 64 57 73 164 64 57 72 0.27 0.94
MQ4 BLD096” 164 48 37 61 164 48 37 58 0.39 0.98
MQ4 RMP1318 164 46 36 58 164 46 36 57 0.39 0.92
MQ4 KNU066° 164 41 31 53 164 41 31 51 0.37 0.97
MQ4 OUT005'° 164 38 28 49 164 38 28 49 0.39 0.95
MQ4 EYEO75 ' 164 37 25 54 164 37 25 51 0.47 0.99
MQ4 CHKO074'2 164 55 45 67 164 55 45 65 0.34 0.99
MSA index 164 52 43 64 164 52 42 62 0.38 0.92

TAUSMB, AUS-MEAT Marbling score; 2Meat Standards Australia (MSA) MB, MSA Marbling score; 3Meat quality CUB045, MQ4 score of CUB045 (M. longissimus thoracis); *MQ4
STA045, MQ4 score of STA045 (M. longissimus thoracis et lumborum, anterior striploin piece); °MQ4 STP045, MQ4 score of STP045 (M. longissimus thoracis et lumborum, posterior
striploin piece); 8MQ4 OYS036, M. infraspinatus; “MQ4 BLD096, M. triceps brachii caput longum; 8MQ4 RMP131, M. gluteus medius; °MQ4 KNUO66, M. rectus femoris; °MQ4
OUT005, M. biceps femoris; ''MQ4 EYE075, M. semitendinosus; and '2MQ4 CHKO74, M. semispinalis capitis; hang method: AT (Achilles tendon), aging time: 10 days, cooking

method: grill.

abithin a row, means with different letters are significantly different (o < 0.05) between the fifth and the tenth ribs.

TABLE 3 | Correlation coefficients (r) among the assessment scores at the fifth rib and the tenth rib.

AUSMB!' 10 MSAMB? 5t MSAMB 10" mc? 5t MC 10t FC* 5t FC 10t oss®
AUSMB 5" 0.7 0.88"** 0.74" 0.06 0.16* -0.1 —0.2~ 0.21
AUSMB 101" 1 0.75" 0.91™ 0.09 0.13 ~0.14 —0.2 0.18
MSAMB 5" 1 0.79" 0.02 021 —0.14 ~0.19" 0.31*
MSAMB 10t 1 0.06 021 ~0.15* ~0.19" 0.18
MC 5t 1 043 0.1 0.06 0.1
MC 10t 1 0.1 0.13 0.03
FC 5t 1 0.7 0.39"
FC 10t 1 0.36

TAUSMB, AUS-MEAT Marbling; 2MSAMB, MSA Marbling; SMC, Meat Color; *FC, Fat Color; and 0SS, Ossification.
e+ *indicate that correlation is significantly different at the 0.001 level (p < 0.001), 0.01 level (o < 0.01), and 0.05 level (p < 0.05).

with fat color scores at both the fifth and the tenth ribs (r = 0.39,
r=0.36, p < 0.001). However, ossification was not significantly
associated with meat color.

Relationships of the MSA Index and MQ4
Scores Predicted From Marbling Scores

Between the Two Grading Sites

For further implementation of the MSA grading scheme based
on the grading at the fifth rib, it is crucial to determine the
strength of the relationships between the MQ4 scores predicted
by using the marbling score at the fifth rib or at the tenth rib. The
results of the correlation analyses between the MQ4 scores for
10 cuts with 4 output combinations of the cooking method with

hanging method, and with aging time are presented in Table 4. In
addition, very small differences in the MQ4 scores between the
fifth rib and the tenth rib can be observed as shown in Table 4.
Also, the results of correlation analyses for the MSA index and
the MQ4 score mainly for the three LT muscles are shown in
scatter plots (Figure 1). Correlation coefficients were very high
(from 0.88 to 0.98) and almost similar among the different
output groups. For OUT005, extremely strong correlations (r
= 0.98, p < 0.001) between the MQ4 scores were observed for
the four groups. For CUB045, STA045, and STP045, strong and
similar correlations between the MQ4 scores were observed by
using the marbling inputs from either the fifth rib or the tenth
rib, and with different aging times or hanging methods, the
similar distribution and strong correlation for the MSA index
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TABLE 4 | Pearson correlations and average differences between the MQ4 scores predicted by the marbling score assessed at the fifth rib and the tenth rib.

Cut Cooking method: Grill

Cooking method: Roast

Hang method: Achilles Tendon

Aging time: 10 days

Aging time Hang method
10 days 20 days Achilles Tendon Tenderstretch
Coefficient Average Coefficient Average Coefficient Average Coefficient Average
difference difference difference difference
(SD) (SD) (SD) (SD)

CUB045! 0.91 0.03 (2.05) 0.91* 0.03 (2.05) 0.91™* 0.03 (2.05) 0.91 0.03 (2.05)
STA045? 0.89"* 0.07 (2.44) 0.89"* 0.07 (2.44) 0.90"* 0.07 (2.44) 0.89"* 0.07 (2.44)
STP045° 0.88™* 0.07 (2.67) 0.88"* 0.07 (2.67) 0.89"** 0.07 (2.67) 0.89" 0.07 (2.67)
0YSs036* 0.97* 0.04 (0.77) 0.97** 0.04 (0.77) 0.97* 0.04 (0.77) 0.97** 0.04 (0.77)
BLD096° 0.97** 0.04 (1.15) 0.97* 0.04 (1.15) 0.97** 0.04 (1.15) 0.97** 0.04 (1.15)
RMP1316 0.98* 0.02 (0.76) 0.99"* 0.02 (0.76) 0.99"* 0.02 (0.76) 0.98™* 0.02 (0.76)
KNU066" 0.97** 0.02 (1.14) 0.97* 0.02 (1.14) 0.97** 0.02 (1.14) 0.97* 0.02 (1.14)
OUT0058 0.98* 0.01 (0.98) 0.98"* 0.01 (0.98) 0.98"* 0.01 (0.98) 0.98* 0.01 (0.98)
EYEQ75° 0.98"* 0.02 (1.14) 0.98"* 0.02 (1.14) 0.98" 0.02 (1.14) 0.98"* 0.02 (1.14)
CHKQ7410 0.94* 0.03 (1.52) 0.94* 0.08 (1.52) 0.93"* 0.03 (1.52) 0.93** 0.03 (1.52)

1CUB045, M. longissimus thoracis; 2STA045, M. longissimus thoracis et lumborum. anterior striploin piece; STP045, M. longissimus thoracis et lumborum. posterior striploin piece;
40YS036, M. infraspinatus; SBLD096, M. triceps brachii caput longum; SRMP131, M. gluteus medius; "KNUO0G6, M. rectus femoris; BOUT005, M. biceps femoris; °EYE075, M.

semitendinosus; and "°CHK074, M. semispinalis capitis.
***0 < 0.001.
MQ4 scores are indicated on a scale from 0 to 100.

and the MQ4 scores between the two grading sites can also
be seen in Figure 1. Similarly, significantly strong relationships
were observed for the MQ4 scores between the two grading
sites for all other cuts with different output combinations,
and the distribution and correlation are assumed to be the
same strong as the three LT muscles. In addition, whereas the
correlations between the two sets of MSA marbling scores was
0.79 (p < 0.001), there was a very significant strong correlation
between the MSA indexes predicted from the marbling score
of the fifth rib and the tenth rib (r = 0.97, p < 0.001)
(Figure 1).

Linear regression was used to determine the contribution
of the marbling score either from the fifth rib or from the
tenth rib to explain the variability in the predicted MQ4
score. As shown in Table 5, for one individual cut, the MQ4
scores for the two models regressed by using the marbling
score at the two grading sites are almost similar. For STA045
and STP045, the coefficients of determination (R*> = 0.45, R?
= 0.50) are relatively higher in comparison to other cuts,
which are understandable since the marbling assessment was
carried out on the M. LT. By contrast, a much lower R?-value
can be found for the other cuts, such as RMP131 and EYE
075 (R? = 0.02).

DISCUSSION

Marbling Scores at the Fifth and the Tenth
Ribs

The marbling score was developed to estimate the intramuscular
fat in the ABCAS system to be used in the MSA grading

scheme with the ultimate objective to ensure the eating quality
at the consumer end (20). In 2018, within the framework of
the French national food conference (8), the French meat sector
represented by Interbev recommended introducing the marbling
score into the French beef grading scheme. As a result, the
marbling assessment has been gradually introduced in one of
the French local meat plants for the premium beef brand called
“Or Rouge” based on the late-maturing Limousine breed. In
this study, no significant difference in the marbling score was
observed between the fifth rib and the tenth rib sites. In addition,
the marbling scores assessed at these two sites were quite equally
distributed up to 400, and higher levels were also observed. The
level of marbling in French cattle is typically much lower than
that in Australia (21), but the marbling level of the current
sample is not very low and the marbling level between the two
studied sites is indeed similar. In addition, we observed a strong
relationship between the AUS-MEAT marbling score and the
MSA marbling score, which suggests a strong consistency of the
marbling score between the AUS-MEAT measurement and the
MSA measurement [r = 0.88 (between MSAMB and AUSMB
at the fifth rib), r = 0.91 (between MSAMB and AUSMB at the
tenth rib)], as well as between the fifth rib and the tenth rib
[r = 0.77 (between the AUSMB scores at the fifth and tenth
ribs), ¥ = 0.79 (between the MSAMB scores at the fifth and
tenth ribs)]. These findings are consistent with that of Kruk
et al. (22), who reported a high association between the AUS-
MEAT marbling score and the MSA marbling score (r = 0.76).
Similar to our results, Cook et al. (23) also found that the
marbling scores from the thirteenth thoracic vertebrae to the
fifth lumbar vertebrae were similar. Taylor and Johnson (24)
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FIGURE 1 | Scatterplots of the Meat Standards Australia (MSA) index and meat quality (MQ4) scores with inputs of marbling scores from the fifth rib (x-axis) or the
tenth rib (y-axis). CUB045, M. longissimus thoracis; STAO45, M. longissimus thoracis et lumborum, anterior striploin piece; STP045, M. longissimus thoracis et
lumborum, posterior striploin piece; AT, hang method — Achilles tendon; TX, hang method: tenderstretch; 10 days, 10 days aging; 20 days, 20 days aging; GRL,
cooking method—grill; and RST, cooking method —roast.

TABLE 5 | Linear regression equations for indicating the MQ4 score using the marbling score assessment at the fifth rib and the tenth rib.

Cut 5% rib 10 rib

CUB045! MQ4 score = 0.024**marbling+50.32 (R? = 0.37) MQ4 score = 0.026**marbling+50.02 (R? = 0.37)
STA045? MQ4 score = 0.028**marbling+43.08 (R? = 0.45) MQ4 score = 0.031**marbling+42.51 (R* = 0.47)
STP045° MQ4 score = 0.032**marbling+39.95 (R? = 0.50) MQ4 score = 0.034**marbling4+39.55 (R? = 0.51)
0YSs036* MQ4 score = 0.012**marbling+-60.43 (R? = 0.19) MQ4 score = 0.014**marbling460.05 (R? = 0.22)
BLD096° MQ4 score = 0.011**marbling+44.36 (R? = 0.07) MQ4 score = 0.012*marbling+44.24 (R? = 0.07)
RMP1316 MQ4 score = 0.006**marbling+43.62 (R? = 0.02) MQ4 score = 0.007**marbling+43.47 (R? = 0.03)
KUNO0B6" MQ4 score = 0.011**marbling437.25 (R? = 0.08) MQ4 score = 0.012**marbling+37.14 (R? = 0.09)
0ouUT0058 MQ4 score = 0.009**marbling434.67 (R? = 0.05) MQ4 score = 0.010**marbling+34.56 (R? = 0.06)
EYE075° MQ4 score = 0.006"*marbling+34.63 (R2 = 0.02) MQ4 score = 0.006"*marbling+34.87 (R? = 0.01)
CHKOQ7410 MQ4 score = 0.020**marbling+48.61 (R? = 0.30) MQ4 score = 0.022**marbling+48.12 (R? = 0.34)

1CUB045, M. longissimus thoracis; 2STA045, M. longissimus thoracis et lumborum, anterior striploin piece; 3STP045, M. longissimus thoracis et lumborum, posterior striploin piece;
40YS036, M. infraspinatus; °BLD096, M. triceps brachii caput longum; SRMP131, M. gluteus medius; "KNUO66, M. rectus femoris; 8OUT005, M. biceps femoris; °EYE075, M.
semitendinosus; and 1°CHK074, M. semispinalis capitis.

**p < 0.001.

observed that the intramuscular fat content at the fifth rib was
slightly higher than that at the tenth rib, whereas the marbling
scores between the fifth rib and the tenth rib were almost the

same. In addition, it was found that the marbling score of M. LT
highly correlated with that of M. longissimus lumborum (LL) (r =
0.83) (25).
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Our findings of marbling consistency between the different
ribs were obtained by using the grader assessment. Indeed,
when the graders score the carcasses, a small difference in
marbling has been found across the different muscles and
especially between STR045 and CUB045, in comparison with
near infrared spectroscopy (NIR) measurements (25). Indeed,
recent developments in the marbling assessment tend to use
instrument-grading systems, which are likely to be more precise
in comparison to human carcass graders. With this new type
of technology, Acheson et al. (26) observed that the marbling
score decreased from the thirteenth thoracic vertebrae to the
fifth lumbar vertebrae. The contradictory results from the human
graders may be due to the different marbling grading processes.
In study by Acheson et al., a computer vision system, cold
camera, and proprietary software were used to assess marbling,
which seems to be a more objective and repeatable method
in comparison to the assessment provided by the carcass
grader. Nonetheless, Schulz and Sundrum (27) observed that the
marbling scores at the tenth, eleventh, twelfth, and thirteenth
ribs were strongly correlated (r = 0.80-0.89) by using a camera
grading technology.

Marbling Is One of the Most Important
Traits for Beef Eating Quality

Beef quality has a multifactorial determinism as shown by the
various inputs in the MSA model (i.e., ossification and marbling
scores, cut, aging time, hanging method, cooking method, and
even use of hormone growth promoters). However, as most
of these factors are fixed in this study (one aging time, one
hanging method, and a limited range in the ossification score),
variability in the marbling score becomes an important trait,
which significantly contributes to beef eating quality.

In Europe, the main factors of carcass grading are the
European conformation score and the fat score, which are
compulsory (shown in Table 1) and therefore routinely used
by the European beef industry. However, there is very poor
and/or no relationship between the European classification
scores and marbling, as well as with beef eating quality (28,
29). By contrast, marbling is not widely measured in Europe,
particularly in France, except in some cases of “Label Rouge”
animals (Label Rouge is officially a national label for food,
non-food, and unprocessed agriculture products in France).
In the slaughterhouse where this work was undertaken, the
measurement of marbling was done for the beef premium brand
of the Beauvallet Company “Or Rouge” based on the Limousine
breed. Furthermore, high-marbled beef does not seem to be
welcomed by the French consumers. Indeed, according to a beef
consumption survey conducted in France (4), the low willingness
to purchase beef for a quarter of the respondents is mainly due
to their concerns of health risks caused by excess fat content,
but marbling does contribute to eating quality. However, the
willingness to purchase beef among French consumers decreased
from 70% (before tasting) to 55% (after tasting) when beef
samples were low-marbled the willingness to purchase beef
among the same group of consumers increased from 30% (before
tasting) to 80% (after tasting) when beef samples were high-

marbled (30). This indicates that, even if a highly visible fatty
meat seems unacceptable, the better eating quality of high-
marbled beef could meet their eating expectations.

Most of the American and Australian consumers also prefer
the visual appearance of low-marbled beef (31, 32). However,
with efforts to increase the popularization of the relationships
between intramuscular fat and eating quality, consumers started
to change their mind and embrace fattier meat and even high-
marbled beef (33). Consumers from Asian countries, particularly
in Japan, are well-known to enjoy high-marbled beef, but
Japanese consumers do also enjoy moderately marbled beef (34).
Although the preferences of consumers for marbling levels differ
across various countries, marbling is undoubtedly one of the
multiple traits that highly contribute to beef eating quality (35),
but its contribution to eating quality seems to vary according to
the muscle as predicted by this study (Table 5).

Intramuscular fat deposition, and therefore marbling,
depends on many factors such as nutrition, genetics, and, to a
lower extent, animal maturity (36, 37). However, no correlation
or a weak correlation (only with the MSA marbling score at
the fifth rib) was found between the ossification score and the
MSA marbling score (Table 2). This may be due to the carcasses
graded in this study, which were from old animals (cows) of
the Limousine breed and of similar age. This breed is a late
maturing one and, more importantly, produces low-marbled
beef (38). However, even the late-maturing cows develop more
marbling than younger counterparts as they become older and
physiologically mature. In fact, the marbling level is influenced
by various factors such as expression and the presence of
cellular factors (39). The processes determining the development
of marbling of mature cows are poorly studied and require
further investigation. The factors such as genetics, whole body
fatness, energy intake previous to slaughter, and lifetime fat
turnover associated with raising calves are potential subjects for
future research.

Meat Color Characteristics at the Fifth Rib
and the Tenth Rib

From a retail point of purchase, the meat color is one of the most
critical traits for consumers to purchase beef (40). Various factors,
such as diet, pH, and muscle type, and characteristics affect the
meat color (41). The meat color depends on the ultimate pH
that gradually increases from lumbar to thoracis, the pH at the
fourth rib (LT) being higher than at the eleventh rib (LL) (42).
Accordingly, LT should be darker than at the lumborum vertebrae
(43). Contrary to this assumption and the previous observations
in Australia with other animal types (15), the present study
showed that the muscle at the tenth rib (LL) was significantly
darker than the muscle at the fifth rib, suggesting the involvement
of other factors.

The meat color also partly depends in part on the muscle
fiber type (44). Indeed, oxygen diffusion is related to the muscle
fiber type and results in more or less oxymyoglobin (45). The
proportions of type I and type II A fibers in LT are higher than
those in LL, the proportion of type II B fiber in LL is higher than
that in LT (46). However, oxidative fibers (I and ITA) are known
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to have a decreased rate in the extent of postmortem pH decline
and lightness and inherently have an increase in redness due to
a higher myoglobin concentration, thus resulting in darker meat
when compared to glycolytic muscles (type II B) (47). In this way,
the LT muscle is expected to be darker than the LL muscle. The
current finding indicates that the meat color of LT at the tenth
rib was darker than that at the fifth rib. Even though the tenth
rib is close to the lumborum vertebrae, the muscle on the fifth rib
and the tenth rib is still the LL muscle. The fiber type is therefore
unlikely to be a reason for the observed color difference.

Practically, the meat color is not used in the current MSA
grading system, but with it being used as a threshold in the old
MSA system, the meat color should be three or less than three,
and the carcass with a meat color more than four had to be
rejected by the system. The proportion of the meat color higher
than four at the fifth rib and the tenth rib is calculated in this
study, and is 18% and 29%, respectively. In this way, the meat
color assessment conducted at the tenth rib would have increased
the possibility of being rejected in the older MSA system for some
of the carcasses.

Fat Color Characteristics at the Fifth Rib
and the Tenth Rib

The fat color is of practical importance for the beef industry since
purchase willingness of the consumer is affected by the color, the
white fat color being more desirable than the yellow fat color
in many countries (48, 49). In the European market, too much
yellow fat on the carcass is considered unacceptable (50). The
fat color depends on age, gender, genotype, and nutrition. The
yellowness is mainly explained by carotenes accumulating in fat
tissue (48).

Whereas, Meat Livestock Australia indicates that carcasses
may be ribbed at any site between the fifth rib and the thirteenth
rib for grading (15), in the current study, the fat color score (3.5)
at the tenth rib was significantly higher (and therefore yellower)
than that at the fifth rib (2.5). Acheson et al. (26) reported
that animals deposit intramuscular fat from the anterior to the
posterior along the vertebrae. It is, therefore, possible to speculate
that the significant difference in fat color between the fifth rib
and tenth rib may also be due to a different accumulation rate
of carotenoids between the posterior and anterior intermuscular
fat. With an increase in maturity, more carotenoids could be
concentrated at the tenth rib than that at the fifth rib. The
significantly positive correlation observed between the fat color
and the ossification score may also support the above hypothesis.
This result supports the evidence that adipose tissues become
more yellow as animal maturity increases (51). Moreover, Moon
etal. (52) indicated that high-marbled beef tended to have a lower
yellowness fat color due to the dilution of pigments in more fat,
which is in line with a significantly negative correlation between
fat color and marbling (Table 3).

MQ4 Scores and the MSA Index at the Fifth

Rib and the Tenth Rib

The MSA beef eating quality score (MQ4) is a combination
score of tenderness, juiciness, flavor liking, and overall liking for

the individual cuts with a defined hanging method, aging time,
and the cooking method (14). Marbling, as one of the input
parameters, is used to predict the eating quality score (MQ4)
of the individual cuts in the MSA cut-based model (20). The
MSA index is a global score of the average eating quality and
the potential merit of a whole beef carcass, which is calculated
from the predictive eating quality scores of 39 MSA cuts. To
further confirm the feasibility that the marbling assessment
could be conducted at the fifth rib and not influence the eating
quality prediction of individual cuts and the whole carcass,
correlation analyses were performed with ten cuts to evaluate
the relationships between the MQ4 scores at the fifth rib and
the tenth rib. The results in the correlation analyses and scatter
plots evidenced high and significant correlation coefficients and
a similar distribution of the scores, demonstrating that the
marbling assessment at either the fifth rib or the tenth rib has
an extremely low impact on the prediction of the MQ4 scores
for each cut. In addition, similar and strong correlations between
the MQ4 scores predicted from the marbling scores recorded
at the two ribs were observed for different hanging methods,
aging times, and cooking methods. Moreover, the two MQ4 score
models regressed by using the marbling score for one specific cut
were found highly similar between the two marbling assessment
sites (Table 5). Furthermore, we observed the same mean value
of the MSA index (52) with no statistical difference (p = 0.92,
Table 2) and significantly strong correlations between the MSA
indexes predicted from the marbling scores from the fifth rib and
the tenth rib (r = 0.97, p < 0.001, data not shown). All of these
results indicate that the marbling assessment at the fifth rib or
the tenth rib has no or very little impact on the prediction of
the MQ4 score and the MSA index for different production and
process combinations.

Another interesting finding is that the correlation coefficients
between the MQ4 scores of the two grading sites was extremely
high for some cuts, such as OUTO005, i.e., higher than STA045
and STP045, while the regression model of OUT005 has a very
low explanatory power (R?-value) when using the marbling score
to explain the variability of the MQ4 score. This is in-line with
the fact that the marbling score measured on M. LTL might have
less impact on the prediction of the MQ4 scores for other cuts
due to a low or moderate correlation of the marbling scores
between different cuts (25). In summary, without considering the
influence of other MSA predictive parameters on the prediction
of the MSA index and the MQ4 scores, it is feasible to assess the
marbling at the fifth rib to routinely predict the MSA index and
the MQ4 scores for French cattle.

CONCLUSION

This study has shown that there is no difference in the marbling
scores determined by using the accredited trained graders
according to the ABCAS protocol, between the fifth rib and
the tenth rib, as well as in the predicted MSA index and the
MQ4 scores from these two sets of values. This confirms that
the marbling score could be determined at the fifth rib by
using the accredited trained graders, i.e., where carcasses are
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generally quartered in Europe. In contrast, meat color and fat
color, not taken into the MSA model to predict eating quality
of beef, are significantly different between the two grading
sites. Given that Limousine cows are an important source of
beef in France and that a little detailed work regarding the
marbling distribution has been undertaken using cull cows,
the current study is considered to be relevant to provide
practical recommendations to the European (and especially
the French) beef industry. Thus, this work supports potential
implications in favor of the MSA implementation for the late
maturing and low-marbled cattle breeds, such as Limousine,
and also for potential MSA implementation in French beef
plants. However, further work is needed to completely study
the implementation of the ABCAS carcass grading system
with respect to other critical carcass factors according to
the MSA methodology while following the European carcass
quartering practices.
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