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Abstract

The lamb meat tenderness acceptance threshold has been little studied and has never been evaluated for the Brazilian
population. So, this study aimed to find the maximum acceptable shear force for Brazilian lamb meat consumers. Three
muscles were previously tested and chosen Longissimus thoracis et lumborum (LTL), psoas major and semimembranosus
muscles received different treatments in the post-slaughter period (Hot deboning followed by cooling on ice, Standard
carcass cooling and Ageing), aiming to create samples with varying levels of tenderness, which were evaluated by
acceptance tests and descriptive analysis of tenderness by a trained team. Sarcomere length, myofibril fragmentation
index, proximate composition, weight loss and pH analyses were performed to observe the biochemical phenomena in
each treatment's meats. Variations caused in samples by treatments were more significant than differences inherent to
the different muscles. Pearson and Multiple Factor correlation analyses indicated positive correlations between sarcomere
length, myofibril fragmentation index and the scores assigned in sensory tests by 140 panelists and a trained team. Both
groups noted that the differences between the meats in terms of tenderness and the sarcomere length also influenced
the perception of juiciness observed by the groups. The maximum shear force indicated as acceptable for lamb meat was
44.1 N. The results obtained are important to guide the lamb meat producer for certain practices in the post-slaughter
moments, avoiding actions that lead to sarcomere shortening and encouraging the production of aged meats.

Keywords: Lamb tenderness; Quantitative descriptive analysis; Sarcomere length; Myofibril fragmentation index;
Acceptance; Post-slaughter practices.

Highlights
e  Positive correlations were observed between sarcomere length, myofibril fragmentation index, and
sensory scores related to tenderness and juiciness

e  Maximum acceptable shear force for Brazilian lamb meat consumers was determined as 44.1 N

e  Treatments in the post-slaughter period had a greater impact on tenderness than differences between muscles

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
BY and reproduction in any medium, provided the original work is properly cited.
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1 Introduction

Appearance, tenderness, juiciness and flavor are among the factors that most influence meat acceptance,
with tenderness being considered decisive for the commercial value of the product (Chambers & Bowers,
1993). Tenderness can be defined by the easiness with which meat is chewed and is very variable
(Osorio et al., 1998). Recently, lamb meat tenderness acceptance thresholds have been studied, correlating
sensory methods to intramuscular fat concentration (Hopkins et al., 2013; Pannier et al., 2014; Lambe et al.,
2017; Realini et al., 2021) and shear force (Bickerstaffe et al., 2001; Hopkins et al., 2006).

Shear force measurement is the primary method used as an objective measure to quantify red meat
tenderness (Holman & Hopkins, 2021) and is commonly performed by the Warner-Bratzler shear force
(WBSF) method (Holman et al., 2016). However, no study has described the minimum lamb meat tenderness
range acceptable for consumers in Brazil.

In the country, lamb meat consumption is around 0.6 kg/inhabitant/year, but with a growth trend (Empresa
Brasileira de Pesquisa Agropecudria, 2019). Meat quality consumption and perception depend on
sociodemographic issues, and the population of the state of Sdo Paulo is one of the most interested in the
consumption of lamb meat in the country, as well as in places where consumption is more traditional, like
South and Northeast regions (Battagin et al., 2021). The relative importance of each of the meat properties
that influence acceptance varies for different populations from different places (Miller, 2020) and in Brazil,
there is lack of studies on the preference of lamb meat consumers in relation to tenderness. Thus, it is
important to search for information on tenderness thresholds for the species.

Intramuscular fat concentration affects tenderness (Hopkins et al., 2013), which can be affected by other
pre-slaughter factors such as race, connective tissue content, age, sex and slaughter weight, and post-slaughter
conditions, with postmortem glycolysis being the most significant (Lawrie, 1985). After slaughter,
biochemical and physicochemical changes in the skeletal muscle determine the establishment of rigor mortis
and the stage of ageing. Tenderness is inversely related to the rate of postmortem pH reduction and directly
to the time until the onset of rigor mortis (Veiseth et al., 2004; Lawrie, 1985) and temperature directly
influences the rate of pH reduction at this time (Bendall, 1973). Soon after slaughter, the muscle is extensive
and elastic and there are few connections between contractile proteins actin and myosin, but when all the
muscle glycogen is used, actin and myosin bridges are formed, causing less extensibility and elasticity in the
muscle and this process extends to the end of rigor mortis period (Lawrie, 1985).

When the muscle is submitted to very low temperatures (less than 10 °C) in the first 10 hours after
slaughter, when rigor mortis has not yet been established, there is an acceleration of muscle metabolism and
muscle tissue contraction, with shortening of fibers, an event called cold shortening, which reduces meat
tenderness (Olsson et al., 1994; Osoério et al., 2008).

On the other hand, to increase tenderness, the ageing process stands out, with the effect of calcium-
dependent enzymes on meat. Calpain is responsible for part of postmortem proteolysis and induces a
progressive increase in meat tenderness (Koohmaraie et al., 1989) and calpastatin is a calpain-specific
proteinase inhibitor (Cong et al., 1998). Thus, with the release of Ca>" ions from the sarcoplasmic reticulum
in the postmortem period, there is greater stimulus of calpains and consequent increased meat tenderness
during the ageing process.

Thus, handling the meat after slaughter can cause changes in tenderness, causing the production of more
or less tender meats. Therefore, meat with different treatments were produced in this research: Hot
deboning followed by cooling on ice, Standard carcass cooling and ageing. This study aimed to evaluate
these three different lamb meat treatments in the post-slaughter period and present them to the consumer
to find the maximum acceptable lamb meat shear force, that is, the sensory acceptance threshold in relation
to tenderness.
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2 Material and methods
2.1 Sample preparation

Preliminary tests were carried out with 33 animals slaughtered according to standards (Brasil, 2000) and
good manufacturing practices, and subsequently, 48 male lambs (Santa In€s x Dorper breeds), confined at
the Fernando Costa Campus, USP, Pirassununga, Sdo Paulo, were used for the study. Animals had an initial
age of 80 + 10 days, an initial body weight of 30 + 5 kg, and were kept in confinement for a period of 50
days, with shade and water ad libitum. The slaughter weight was 47 + 5 kg, with an average daily weight
gain of 0.340 kg. The lambs, from birth to weaning, had access to milk and concentrate from the creep feeding
system and during confinement nutrition was provided by a total diet. Feeding was standardized with 20%
corn silage and 80% concentrate with ground corn (70%), soybean meal (25%) and minerals (5%). To
generate different tenderness degrees (different shear forces measured by the WBSF method), loins
(Longissimus thoracis et lumborum - LTL), tenderloins (Psoas major) and topsides (Semimembranosus) of
these animals were used, submitting them to three different treatment strategies after slaughter:

¢ Hot deboning followed by cooling on ice: to obtain fewer tender samples, a procedure was carried out to
shorten the sarcomere, in which muscles were removed from the carcass soon after slaughter, packaged,
identified and transferred to a cooler with water and ice at 0 °C, where they remained for 2 hours before
being frozen;

e Standard carcass cooling: to obtain intermediate tenderness samples, carcasses were deboned and kept
in a cold chamber at 3.0 + 1.0 °C for 24 hours after slaughter;

e Ageing: cuts were aged at 4 °C for a period of 14 days to obtain tenderer samples. The 14-day period was
chosen for presenting a significant difference from the other treatments, which did not occur with only 7
days of ageing in the cuts of animals used in preliminary tests.

At the time of deboning, covering fat and collagenous tissues were removed and after the production of
meat with the different treatments, all cuts were vacuum packed, frozen and stored at -18 °C until the time
of physicochemical and sensory analyses. The right and left sides of the animals were packaged and frozen
separately; the left side was designated for physicochemical analyses and the right side for sensory ones.

Treatments selected to be submitted to physicochemical and sensory analyses were chosen based on the
shear force measured by the SFWB method, as they have significant differences from each other and fall into
one of the ranges sought:

e Range of 20 N: lamb meat samples with SF value below 23 N;

Range of 30 N: lamb meat samples with SF value between 26 and 33 N;

Range of 40 N: lamb meat samples with SF value between 36 and 43 N;

Range of 50 N: lamb meat samples with SF value between 46 and 53 N;

Range of 60 N: lamb meat samples with SF value above 56 N.

2.2 Physicochemical analysis

All physicochemical analyses took place after thawing samples for 24 hours at 4 °C. Initially, the pH was
measured (pHmeter Hanna HI 99163) in triplicate, followed by the calculation of weight loss due to cooking.
For this, samples were weighed and baked in an electric oven (Philco model PFE48P) at a temperature of
180 °C until reaching an internal temperature of 72 °C at the geometric center. Meats were removed from the
oven and left at room temperature until reaching 24 °C, when they were weighed again.

Soon after, to measure the shear force, cooked samples were cut into 10 parallelepipeds parallel to muscle
fibers (10 replicates), avoiding nerves and collagenous tissues, with a cross-sectional area of 1 cm?, and
analyzed using the TA.XT Plus texture meter (Stable Micro Systems, Surrey, England), coupled to a probe
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in the shape of a stainless steel blade with a cutting angle of 60°, the thickness of 1.01 mm, length of 64.94
mm and width of 44.90 mm, moving at speed of 250 mm/min in the downward direction until complete
sample rupture in the direction perpendicular to fibers. The shear force was determined by the maximum
force (N) of the curve generated by the software.

To calculate the proximate composition, the official AOAC methodology (Association of Official
Analytical Chemists, 2007) was used to determine moisture (950.46), fixed mineral residue (920,153) and
proteins (928.08). The lipid content was determined by the method of Bligh & Dyer (1959). All analyzes
were performed in triplicate.

2.3 Sarcomere length

The analysis of the sarcomere length, by laser diffraction, was performed according to Cross et al. (1981)
and Koolmees et al. (1986). The blade with fibers was placed under the laser and 6 sarcomere lengths of each
fiber were recorded.

2.4 Myofibril fragmentation index

The myofibril fragmentation index (MFI) was determined according to Culler etal. (1978) with
modifications: protein concentration was determined by the biuret method (Gornall et al., 1949). An aliquot
of the myofibril suspension was diluted with the extraction solution to obtain a protein concentration of 0.5
+ 0.05 mg/mL. The diluted myofibril suspension was shaken and placed in a cuvette to read the optical
density at 540 nm in a spectrophotometer (Biospectro SP-22). The myofibril fragmentation index was
obtained according to Culler et al. (1978).

2.5 Sensory analysis

The project was approved by the Research Ethics Committee at FZEA/USP (CAAE 90291818.6.0000.5422)
and was carried out with two sensory analysis methods: Descriptive Analysis of the tenderness, with a trained
panel (Stone & Sidel, 1993), and acceptance test with lamb meat consumers (Meilgaard et al., 1991). The
method of sample preparation for sensory evaluation was identical to that described for the calculation of weight
loss due to cooking and analysis of shear force. In the cases of sensory analyses, the temperature of the meat
for all the tests was 60 °C (American Society for Testing and Materials, 2010).

2.5.1 Descriptive analysis of tenderness

The only requirement for the pre-selection of panelists to be part of the team of Descriptive analysis of
tenderness was to be a lamb meat consumer. The sensory test applied to individuals of this initial recruitment
was the paired comparison test in an individual booth with a red light. For this, samples from preliminary
tests carried out to evaluate the possible treatments that would be applied in the study were used: tenderloins
with standard treatment and loins with standard boning, with shear forces of 28.0 + 7.5 and 38.2 + 11.7 N,
respectively. Two samples were simultaneously presented, one from each treatment, randomly coded with
three-digit numbers, asking the panelists to distinguish the softest sample. Four replicates were applied for
each panelist in individual booths, inverting the order of presentation of samples with AB and BA
permutations. The candidate with a performance higher than 67% was selected for the training stage due to
the good discriminatory ability for the attribute (Stone & Sidel, 1993).

The selected panelists underwent training with the Network Method (Moskowitz, 1983), in which samples
with 3 different tenderness degrees were served in pairs and the panelist, in an individual booth under red
light, was led to describe the similarities and differences between them. First, the sample considered less
tender (65.9 £ 14.5 N) was served together with that of intermediate tenderness (37.7 + 13.5 N); then, samples
with intermediate tenderness and the highest tenderness (22.2 = 10.2 N) were presented together and, finally,
samples with the lowest and highest tenderness. These samples were, respectively, loins exposed to ice, Loins
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with standard carcass cooling and Aged loins. Then, two-group sessions were conducted by the team leader
to familiarize panelists with the descriptive terms individually raised in the previous step, where the
descriptive terminology for the attribute of interest (tenderness) was defined and the use of the 9-cm
unstructured scale for later use was discussed (Stone & Sidel, 1993).

For the final selection of members of the trained team, in an individual booth with a red light, three lamb
meat samples with different tenderness degrees were evaluated by pre-selected panelists, according to
standard procedures of Stone & Sidel (1993). The three samples were presented in a monadic and random
way, coded with three-digit number in three sessions. The tenderness intensity was evaluated in each sample
by an unstructured linear 9-cm scale, with intensity terms anchored at its extremes, with minimum values on
the left and maximum values on the right. The results of each panelist were statistically treated in the SAS
program (Statistical Analysis System, SAS Institute, Inc., Cary, NC, USA) by means of a two-way analysis
of variance (ANOVA) with two sources of variation (sample and replicate). The selection criteria were the
ability to discriminate samples (p < 0.50 for the sample factor), good repeatability (p < 0.50 for the repetition
factor) and consensus with the rest of the team.

Finally, for the analysis of samples with different tenderness levels (the same availed by the
physicochemical analyses), the same unstructured linear 9-cm scale was used and, in three sessions, the final
trained team evaluated the tenderness of samples in individual booth with red light.

2.5.2 Acceptance

Acceptance analysis was performed by 140 panelists, with convenience sampling, in the city of
Pirassununga, SP, Brazil. The only requirement for recruitment was being a lamb meat consumer. Samples
were produced under the same conditions as the physicochemical and Descriptive analyses and served at 60
°C. Loins exposed to ice (range of 60 N), Topsides with standard carcass cooling (50 N), Loins with standard
carcass cooling (30 N), and Aged loins (20 N) were used. Panelists evaluated samples for appearance,
juiciness and tenderness in a monadic and randomized way. Samples were served in disposable cups coded
with 3 random digits and panelists consumed water and cream crackers between samples. For evaluation, a
9-point hedonic scale was used (1 = disliked it very much; 2 = disliked it much; 3 = disliked it moderately; 4
= disliked it slightly; 5 = neither liked it nor disliked it; 6 = liked it slightly; 7 = liked it moderately; 8 = liked
it much; 9 = liked it very much) (Meilgaard et al., 1991).

2.6 Statistical analysis

Analyses of variance were performed to compare the results of all physicochemical and sensory analyses
of the different treatments. Interactions between results of the different physicochemical and sensory analyses
were evaluated by Pearson’s Correlation Analysis and Multiple Factor Analysis (MFA), using the XLSTAT
Sensory software (Addinsoft).

2.7 Calculation of the maximum lamb meat shear force acceptable by the consumer

Point 7 on the 9-point hedonic scale, described as “liked it moderately”, was considered the minimum
value for acceptance (Teixeira et al., 1987; Dutcosky, 2007). The shear force value related to this score was
sought by fitting a straight-line equation with shear force values and acceptance test scores.

3 Results and discussion
3.1 Physicochemical and biochemical analyses

When applying the different treatments to the three muscles studied, it was not possible to produce meat
with a tenderness level close to 30 N. Furthermore, in preliminary tests, different treatments for different
muscles generated samples that would fit within the same range. For example, tenderloins (Psoas maior)
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with standard carcass cooling and aged tenderloins fit in the same tenderness range as aged loins (20 N). As
the loins are larger and there was less variation in shear force between repetitions, it was decided to use only
the loins for this range. Treatments selected to evaluate the maximum shear force acceptable by the consumer
(Table 1) involved only loins (LTL) and topsides (Semimembranosus), as the other possibilities tested were
not successful in generating samples with different tenderness levels.

Table 1. Selected treatments for sensory assessment.

Samples n=12 Treatments Tenderness range WBSF (N)
LCS Loins exposed to ice 60 N 659+ 14.52
CS Topsides with standard carcass cooling 50N 479=11.5°
LS Loins with standard carcass cooling 40N 37.7 £13.5b¢
LM Aged loins 20N 22.2+10.2¢

LCS: Loins exposed to ice; CS: Topsides with standard carcass cooling; LS: Loins with standard carcass cooling; LM: Aged loins. **¢ Means
with different superscripts in the same column indicate significant differences (p < 0.05; Tukey's test).

The pH values (Table 2) were not significantly different from each other and presented variation range
similar to that observed by other authors, from 5.41 to 5.69 for LTL of lambs after rigor mortis establishment
(Knight et al., 2019; Oliveira et al., 2019, 2020; Rant et al., 2019), even after ageing.

Table 2. pH, weight loss due to cooking, sarcomere length and myofibril fragmentation index of samples.

Sa::i);es pH Weciginlt{ilgzs((ol/:; to Sarcomere length (um) Myoﬁbrililf:;;ximentation
LCS 547+0.11 24.01 +£4.982 1.16 = 0.05? 30.50 +£4.70?
CS 5.53 +£0.06 32.22+£3.16° 1.30 +0.08° 36.15 + 1.36
LS 5.52+0.08 21.20 +3.822 1.35+0.08° 39.55+£2.18°
LM 544 +0.14 2572 +4.16* 1.34 £ 0.06° 64.67 +4.95¢

LCS: Loins exposed to ice; CS: Topsides with standard carcass cooling; LS: Loins with standard carcass cooling; LM: Aged loins. **¢ Means
with different superscripts in the same column indicate significant differences (p < 0.05; Tukey's test).

Weight loss due to cooking did not differ significantly between different loin samples (p < 0.05), as other
results obtained in studies with the Santa Inés breed, from 20% to 25% (Fernandes et al., 2010; Oliveira et al.,
2019). However, these results are lower than those presented by Bressan et al. (2001), around 29% for Santa
Inés and Bergamacia Longissimus dorsi and by Oliveira et al. (2020), close to 40% for Santa Inés. This may
be related to differences in genotype, age and slaughter weight of animals, pre- and post-slaughter
management, type of equipment used in the analysis, temperature and cooking time. The value calculated for
topside samples; however, showed a significant difference in relation to loins and the weight loss due to
cooking was greater for this muscle.

As for the sarcomere length measurement, the only treatment with a measurement significantly smaller
than the others was LCS. The same was observed for Biceps femoris (Fausto et al., 2017) and Longissimus
(Geesink et al., 2000) muscles from lamb. The exposure of meat to lower temperatures after hot deboning
promoted the phenomenon called sarcomere shortening (Locker & Hagyard, 1963; Olsson et al., 1994) and
consequent meat hardening, that is, greater shear force. As expected, for the matured treatment (LM) there
was no significant difference in sarcomere length when compared to standard carcass cooling treatments, as
maturation promotes the degradation of structural proteins (desmin, titin and nebulin), but the contractile
proteins actin and myosin are not affected (Koohmaraie, 1994).
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The MFI results also occurred as expected, as the degree of degradation of myofibril proteins increases as
a function of ageing (Veiseth et al., 2004). Treatment with ageing presented higher MFI values than the
standard treatment for both muscles and these, in turn, had higher mean than treatment with sarcomere
shortening. Positive correlations were found between sarcomere length and myofibril fragmentation index,
which agrees with Fausto et al. (2017).

The proximate composition (Table 3) of raw samples was very similar, even comparing topsides and loins
submitted to the same treatment. This similarity indicates that there is no impact of the postmortem process
on composition, as described in the literature (Bonagurio et al., 2004; Oliveira et al., 2019, 2020). The lipid
content is very low due to the removal of all fat covering when boned, leaving mostly intramuscular fat.

Table 3. Proximate composition of samples.

Samples n=12 Humidity Proteins Lipids Ashes
LCS 75.24 +0.88* 23.71£0.30 0.56+0.11 0.28 +£0.14
CS 74.38 £0.7420 23.62 +1.47 0.50 +0.06 0.35+0.00
LS 73.68 £0.17° 24.64 £0.27 0.42 +0.05 0.27 +£0.06
LM 73.37 +£0.28° 23944222 0.51+0.10 0.43 +0.04

LCS: Loins exposed to ice; CS: Topsides with standard carcass cooling; LS: Loins with standard carcass cooling; LM: Aged loins. ***Means
with different superscripts in the same column indicate significant difference (p < 0.05; Tukey's test).

3.2 Sensory analysis

The final team selected for the Descriptive Analysis of tenderness consisted of eight panelists aged 19-35
years, five females and three males. The team defined tenderness as “easiness to chew, related to
characteristics of chewability, fibrousness and shear force” and scores assigned to samples (Table 4) indicated
that the different treatments caused significant differences.

Table 4. Descriptive Analysis of tenderness results.

Treatments Tenderness!
LCS 0.60*
CS 5.31°
LS 5.60°
LM 7.13¢

LCS: Loins exposed to ice; CS: Topsides with standard carcass cooling; LS: Loins with standard carcass cooling; LM: Aged loins. ! 19-cm

]

unstructured linear scale, ranging from “slightly tender” to “very tender”. ***Means with different superscripts in the same column indicate
significant differences (p < 0.05; Tukey's test).

LCS sample had a significantly lower score than the others and LM had a higher score, showing that the
sarcomere shortening by cold, with consequent sample hardening, was as perceivable as the consequences of
ageing. Among the different muscles that underwent the same treatment, no significant difference was identified
by the team. Thus, the Descriptive Analysis of tenderness results corroborate those of physicochemical analyses.

Regarding other studies on lamb meat tenderness evaluated by the quantitative descriptive analysis method in
Brazil, Venturini et al. (2020) reported a score of 6.98, using a 9-cm scale for meat from Corriedale lambs with
the shear force of 23.7 N, which values are comparable to the score of 7.13, assigned by the team to aged loins
with 22.2 N. Bonacina et al. (2011) reported scores between 4.98 and 5.38 (varying with sex and finishing system)
for Longissimus dorsi from 70-day-old Texel x Corriedale lambs slaughtered and kept until analysis in the same
way as the standard treatment given to CS and LS samples, which had scores of 5.31 and 5.60, respectively.
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In Norway, for LTL from Norwegian White Sheep and Norwegian Spel lambs, using a 9-point scale, the trained
team in the study by Bhatti et al. (2020) reported scores of 5.22 and 5.39, respectively. In Uruguay, male Corriedale
lambs aged 9-10 months, evaluated using the 10-cm scale, received scores between 5.90 and 6.32, varying with
different diets (Resconi et al., 2009). In general, it can be observed that, for lambs of different breeds slaughtered
using recognized animal welfare and deboning procedures 24 hours after slaughter, even with variations related to
diet and sex, the scores attributed by the trained team vary around 5 and 6 for a 9-cm scale. Thus, the results
obtained for Dorper x Santa Inés lambs indicate convergence with those of other lamb breeds.

In the case of the acceptance analysis (Table 5), the results were similar. The test carried out in the state
of Sdo Paulo with 140 panelists, had 115 male and 25 female consumers aged 18-57 years. For appearance
and juiciness, only the LCS sample had lower acceptance. For the tenderness attribute, not only the least
tender treatment (LCS) had significantly different score, but also the one with the highest tenderness (LM),
with greater acceptance.

Table 5. Results of the acceptance test with 140 panelists in the state of Sao Paulo.

Treatments Appearance Juiciness Tenderness
LCS 6.5° 6.3* 5.82
CS 7.3 7.1° 7.2
LS 7.3b 7.2 7.2b
LM 7.4° 7.4° 8.0°

LCS: Loins exposed to ice; CS: Topsides with standard carcass cooling; LS: Loins with standard carcass cooling; LM: Aged loins. ***Means
with different superscripts in the same column indicate significant differences (p < 0.05; Tukey's test).

As well as the trained team, consumers were able to perceive variations generated in samples according to
post-slaughter treatments received, reinforcing the need for cooling carcasses 24 hours before deboning and
suggesting that ageing is a differential for good acceptance by consumers. Comparing the tenderness scores
by the acceptance test with those of other studies with Brazilian consumers scores around 7.0 were observed
by Fernandes et al. (2014) and Rodrigues et al. (2018) for loins with shear forces in the ranges of 40 and 30
N, respectively. For loins in the range from 20 to 30 N, Fregonesi et al. (2014) reported scores close to 7.4.
Thus, the values observed are similar to those previously reported. In the Pearson correlation analysis, as
there were only four treatments, only very high correlations were significant and, the analysis indicated very
high correlations between shear force and tenderness assessment by the trained panel (» =-0.941, p = 0.059)
and between shear force and acceptance test results (» = - 0.967, p = 0.033), so the lower the shear force, the
higher the tenderness score.

In addition, sarcomere length influenced the juiciness perception observed by consumers (r = 0.974, p =
0.026) and tenderness by the trained team (» = 0.964, p = 0.036), so that people attributed higher scores to
these attributes in samples with greater sarcomere length.

All factors evaluated by consumers are correlated with each other: appearance acceptance is associated
with tenderness (» = 0.956, p = 0.044) and juiciness acceptance (» = 0.993, p = 0.007), and the greater the
tenderness acceptance, the greater the juiciness acceptance (» = 0.972, p = 0.028). A positive correlation was
also observed between tenderness acceptance attributed by consumers and that observed by the trained team
(r=0.989, p=0.011). It is noteworthy that, as the trained team performed the test in individual booth under
red light, it was not influenced by sample appearance, and even so, correlation was observed between results
of the two tenderness evaluation methods.

Similar conclusions can be made when analyzing the results found by the Multi-Factor Analysis (Figure 1),
in which the F1 and F2 axes represent 87.8% of the total variability between treatments. The inverse behavior
of the shear force compared to the tenderness perceived by panelists and by the Descriptive Analysis of the
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tenderness team is evident. Likewise, the last two factors are similar to the sarcomere length measure and
perception of the other attributes evaluated by consumers, which are positively correlated.

Variables (axes F1 and F2: 87.80 %)

Protein (%)

Shear force
(N/em?)

Sarcomere lenght (um)

Moisture verall liking

F2 (19.08 %)

Cooki
loss (%) Tenderness

Myofibrillar

i -1 -0.75 -0.5 025 0 025 05 075 1
F1(68.72 %)

‘DA *ACC * PhC

Figure 1. Multi-Factor Analysis Graph (DA: Descriptive Analysis results; Acceptance: Acceptance test results; PhC:
Physicochemical analyses results).

As for the global analysis of samples (Figure 2), it was observed that variations caused in samples by
treatments were more significant than differences inherent to the different muscles, that is, there is greater
homogeneity between the characteristics of loins and topsides with the same treatment than between different

treatments for the same muscle (loin).

Observations (axes F1 and F2: 87.80 %)
1.5
LS
1 L]
< 05 . CS
- °
3
s O
T [
2 o5 LCS
1
LM
L ]
-15 +
-4 -3 2 - 0 1 2
F1(68.72 %)
| * Active observations

Figure 2. Graph of the global analysis of samples (LCS: Loins exposed to ice; CS: Topsides with standard carcass
cooling; LS: Loins with standard carcass cooling; LM: Matured loins).
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These observations are following data previously found by the analysis of variance in relation to each
parameter under study, in which, for all biochemical and sensory analyses, there were no significant
differences between loins and topsides with standard treatment and greater variation occurred between loins
with sarcomere shortening and other treatments. The same can be found for results obtained by the two
sensory analysis methods.

3.3 Determination of the tenderness acceptance threshold

Finally, to find the tenderness acceptance threshold, it was necessary to indicate a maximum shear force
value related to minimum lamb meat acceptance in relation to the tenderness parameter. As the Pearson
correlation analysis performed indicated that there was a linear correlation between tenderness acceptance
(M) and shear force (SF), the relationship of these parameters can be expressed by the linear equation M = -
0.0463. SF + 9.0415, where R? = 0.9346 (Figure 3).

)
®

~
]
(]

w ()}

IS

Acceptance

y=-0.0463x +9.0415
R?=0.9346

w

N]

i

0 10 20 30 40 50 60 70
Shear force (N)

Figure 3. Linear interaction between shear force and the tenderness score attributed by consumers.

Considering the minimum value of 7 on the 9-point hedonic scale as the sensory acceptance threshold, for
M=7, the shear force found is 44.1 N. In other words, this shear force value is the maximum acceptable by
panelists and it would be interesting for lamb meat producers to maintain animal and meat handling methods
to ensure that their products have, at most, this shear force.

In Figure 3, it is clear that the point referring to topsides with standard treatment is farther from the straight
line and, even with shear force a little higher than that considered acceptable, it received a score greater than
7 by panelists. Thus, it could be concluded that to reach the desired minimum tenderness value, lambs must
be deboned 24 hours after slaughter, with no need for ageing, but this procedure will make the meat even
tenderer, which will be better accepted.

Deboning before the recommended time or packaging carcasses at a temperature lower than that
recommended may generate changes that lead to sarcomere shortening and consequent discomfort to
consumers. Although rapid cooling is related to a reduction in the proliferation of microorganisms, it is also
associated with the phenomenon called cold shortening, in which exposure to low temperatures promotes
muscle contraction when rigor mortis has not yet been established (Marsh, 1977). In the postmortem period,
muscles lose their ability to contract due to cold over time, and sarcomere shortening is avoided when bridges
are formed between actin and myosin filaments before muscle temperature reaches 10 °C or less (Marsh,
1977; Olsson et al., 1994; Osoério et al., 2008). Thus, it is recommended to wait for rigor mortis to be
established and only then expose carcasses to lower temperatures, which can be performed in such a way that
the muscle temperature is not lower than 10 °C in the first 10 hours after bleeding (which is also related to
pH=6.0 and 50% of the initial amount of ATP) (Marsh, 1977).
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It is also necessary to reaffirm that, in this study, procedures related to animal welfare during the transport
of lambs to the slaughterhouse were taken into account, as well as good practices at the time of slaughter,
and disregarding these factors can also cause undesirable changes in meat tenderness.

The result found as the maximum shear force acceptable by consumers is close to that observed in other
studies, of 50.0 N for New Zealand consumers (Bickerstaffe et al., 2001) and 49.0 N for Australian
consumers (Hopkins et al., 2006), and for the latter group, the maximum shear force of 27.0 N is desirable,
a value that approximates the tenderness range of aged loin, the sample best evaluated by consumers who
participated in this study. These variations are common when studying populations from different countries
and even between regions within the same country, as is the case of Brazil.

Regarding Brazilian lamb meat consumers, it is known that they give varying degrees of importance to the
various meat quality attributes according to their income, education level and age, but for most, color,
appearance of freshness, price and ease of preparation are decisive factors at the time of purchase
(Battagin et al., 2021). Tenderness is a factor verified only after purchase, only when meat is ready for
consumption, but it could be linked to factors such as marbling and ageing at the time of choice by the consumer
at the place of purchase. However, the species is not among the most consumed in the country, being associated
with consumption on commemorative dates and high prices (Andrade et al., 2016) and, possibly, consumers
have difficulty even choosing the product because they do not have the habit of consuming it.

Thus, it was observed that, for the expansion of the lamb meat market in Brazil, in addition to the care of meat
producers to produce meat of adequate quality and tenderness, commercial establishments need to highlight the
meat characteristics to call the consumer's attention. Thus, it is necessary to educate consumers so that they know
how to evaluate the product at the time of purchase so that it becomes a more common dish in everyday meals.

4 Conclusion

The correlations under study indicated the relevance of proper handling of carcasses in post-slaughter
moments and allowed suggesting which parameters should be adopted in the production of lamb meat so that
the meat producer can use them with the confidence that these processes guarantee minimum consumer
acceptance. All factors evaluated by consumers are shown to be correlated with each other: appearance,
tenderness and juiciness. Sarcomere length has been shown to influence perceptions of juiciness and
tenderness. The maximum shear force acceptable by the studied population was 44.1 N.

The study was carried out in the state of Sdo Paulo and is the first to describe the tenderness threshold for
a sample in Brazil; however, as the population was chosen for convenience and there are variations in
consumer preferences from different Brazilian regions, similar studies should be carried out to assess
acceptance differences in different locations, where thresholds may be different.
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