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Abstract:

A total of 27 management variables (before, during and after slaughter) in 394 bovines were
analyzed and used to determine their association and explanatory value with the presence of
DFD (Dark, Firm, Dry) beef, using probability ratios in a multiple logistic regression model.
The study was conducted from November 2016 to August 2017 on a Federal Inspection Type
slaughterhouse located in northeastern Mexico. The presence of DFD beef was 13.45%. A
contrast was made between classes for the factors evaluated by means of Student’s t and Chi-
square according to the nature of the variable as a criterion for inclusion in logistic modeling.
Ten of the variables showed statistical significance (P<0.05) in these tests, but only four of
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them presented explanatory value in the final multiple logistic model (P<0.01), which were:
the waiting time prior to death, poor desensitization, the thickness of the subcutaneous fat
and pH differential of the carcass established with 24 h of difference. The first two increased
the possibility in the presence of DFD beef, on the contrary, the fat thickness and pH
differential were inversely proportional. The four variables included in the final model were
present at different stages and are of a different nature. For this reason, to effectively prevent
this problem, a multicausal evaluation is needed throughout the slaughter process.
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Introduction

DFD (Dark, Firm, Dry) beef is a problem that affects the sanitary, physicochemical and
sensory quality of the product®?, due to a high final pH (>5.8) that favors the growth of
bacterial flora and decreases shelf life®*. In addition, DFD beef exhibits a dark red color and
sticky texture, which gives the appearance of being meat from old animals or that has been
stored for a long time®®). This leads to low consumer acceptance and causes economic losses
to producers?®. In Mexico, it is estimated that the loss for each carcass with DFD
characteristics is 88.58 US dollars®, higher than the 5.43 dollars of loss per carcass found in
the USA®Y. DFD beef has the following characteristics: increase in water retention capacity,
poor palatability, less tenderness and greater light absorption, which affects its technological
aptitude for the production of various meat products*213),

The speed in the decrease of the post-mortem pH is directly related to the level of stress
suffered by the animal before slaughter®*1). Chronic stress and long-term exposure to acute
stress, just before being slaughtered, cause muscle glycogen stores to be consumed quickly®,
reducing the amount of lactic acid that is formed by anaerobic glycolysis in the muscle after
the death of the animal, which causes the presence of DFD beef, also called Dark
Cutting®19, There are different intrinsic factors that increase the risk of a greater presence
of DFD beef such as: breed origin (more frequent in Bos indicus)®%9), sex (greater in entire
males)"?9), weight (less common in cattle of greater live weight)???, amount of fat (it
occurs more frequently with low values in the thickness of subcutaneous fat)*?® and age (it
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is more frequent in old animals)?*%), Environmental conditions also influence the presence
of DFD beef, extreme temperatures cause heat or cold stress(6:27),

Improper handling in ante-mortem processing is one of the main triggers of dark cutting, long
distances in transport and high animal density in small spaces influence their presence, as
well as long times in waiting pens, sleeves and in the slaughter drawer®2%, the use of
stressful instruments (electric prods, lariats, sticks, etc.) in the herding towards the
desensitization drawer and poor effectiveness of the latter has also been reported as risk
factors®®2%, The post-slaughter process also affects the presence of DFD beef, the rate of
decrease in pH and muscle temperature interact continuously during rigor mortis and are
probably two of the most important post-mortem factors that affect the properties of the meat,
such as: color, final pH, water retention capacity and tenderness®°3*?, some characteristics
of the carcass such as its weight and the thickness of subcutaneous fat influence this
interaction®3:34),

Studies such as the above have been conducted to establish the association between the
presence of DFD beef and the factors evaluated; however, most of them have established this
association by analyzing these factors individually and in isolation, which does not allow
analyzing the effect of the variables together or their interactions. Therefore, the objective of
this work was to evaluate the association of factors with explanatory value, as well as their
interactions, related to the management before, during and after slaughter, on the presence of
DFD beef.

Material and methods

Twenty-seven (27) intrinsic and extrinsic variables were evaluated before, during and after
slaughter, in the four seasons of the year. The work was carried out between November 2016
and August 2017 in a Federal Inspection Type (TIF) slaughterhouse located in Cd. Victoria,
Tamaulipas. Records of the variables were taken in 16 periods of 3 d each: on arrival, during
slaughter and processing of the carcass. The genotype of the animals corresponded, mainly,
to commercial crosses of Bos taurus x Bos indicus. The bovines arrived from different parts
of the region and in different types of vehicles.
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Sample size

The number of animals was determined for simple random sampling by attributes,
considering a finite population®. The components of the formula were a confidence value
of 95% (Z = 1.96), accuracy of 5%, an estimator of variance equal to 0.25 [ 6% = n(1-m)] and
an N value generated from the slaughterhouse of the last three years (n= 38,950 animal/year).
The sample size obtained (n=394) was distributed proportionally by the number of slaughters
in the seasons of the year: spring= 95, summer= 110, autumn= 78 and winter= 110. Data
collection was carried out in November 2016, February, May and August 2017.

Information gathering

Ante-mortem variables

Upon arrival at the slaughterhouse, intrinsic and extrinsic variables such as transport
practices, form of acquisition of the animal, season of the year, temperature and relative
humidity were recorded (thermohygrometer with a probe, Hanna instruments, model
HI19565). In the rest pens, the presence of visible lesions and variables concerning the space
and time of permanence was recorded. The separation of an animal in individual pens for
behavioral or health reasons (surly, mounts or lesions) was also recorded. Before the
slaughter, the day of the week and the individual data referring to the time spent in the sleeve
that leads the animals to the desensitization drawer and the conditions of the herding of the
cattle were recorded. Temperature and relative humidity were measured before entering the
slaughter drawer. The temperature-relative humidity index (ITHR) was obtained by the
following formula: ITH = [0.81*T] + HR/100*(T-14.4) + 46.4, where T= Ambient
temperature (°C) and HR = Relative humidity (%)©®.

Variables during slaughter

The stunning was carried out by means of a captive bolt gun. During the hanging of the
animal’s body, the effectiveness of desensitization was assessed by recording the following
behavioral indicators: spontaneous blinking, total rotation of the eyeball, rhythmic breathing,
attempt to get up, straightening and vocalizations. It was considered an incorrect
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desensitization of the animal when it presented any of the previous signs. The stunning-
bleeding interval from the time the animal collapsed to the slaughter was also
determined®73®),

Variables in the hot carcass

The weight of the hot carcass was recorded; in addition, 45 min after slaughter, the pH value
(pPH45min) was recorded (in triplicate) in order to establish a differential (ApH) between the
PHasmin and the last pH (pHu) evaluated 24 h later, the pH was measured with a potentiometer
that had a puncture device for meat (Hanna instruments, model HI99163). The temperature
of the carcass was also recorded (in triplicate) at 45 min, in the Longissimus dorsi muscle at
5 cm penetration (thermometer with penetration probe, Hanna instruments, model
HI935007N).

Variables in the cold carcass

In the cold room (2 °C) 24 h after slaughter, the values of the final pH, the thickness of the
subcutaneous fat and the colorimetric parameters were recorded: L* = Luminosity (0 to 100),
a* =red index (-60 to 60) and b* = yellow index (-60 to 60). All these records were made in
triplicate in the area of the Longissimus dorsi muscle between the 10th and 12th rib of the
left half carcass, 30 min after having made the cut. The thickness of the subcutaneous fat was
determined with a stainless-steel Vernier calibrator and the color values with a Minolta
spectrophotometer with 5 cm aperture, illuminant C and 2° observer (Model CR-410, Minolta
Co., Ltd., Osaka, Japan,). The Chroma (0 to 200) was calculated using the following
equation: C* =(a*2 + b*2)¥2(% Finally, the density in the cold chamber (number of
carcasses/m?) was recorded.

Classification variables

According to the established criteria, the carcass was classified into dark, firm and non-
exudative (DFD) based on the following: pHu > 5.8, L* <40 and C* < 30¢9), Carcasses that
presented different criteria were classified as normal.
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Analysis of variables

The contrast between the DFD and normal classes for the studied variables was made
according to the nature of the variable: Student’s t was used for the continuous quantitative
variables, while Chi-square and Fisher’s exact test (for frequency <5 in one box) were used
for the categorical variables. Significance was established when P<0.05.

Association study

The association of the study factors with the classification of meat (dependent variable) of
binomial nature (1 = DFD, 0 = normal) was carried out by applying a logistic model with
multiple independent variables, as well as their interactions. As a first step in the use of the
logistic model, the variables with statistical significance (P<0.05) in the comparison between
DFD and normal classes were included. Factors that were not significant (>0.05) according
to Wald’s test were excluded from the complete model. This allowed obtaining the final
model with its probability ratios (OR), standard errors (EE) and confidence intervals (95%
IC). The final model underwent the Hosmer-Lemeshow goodness of fit test*4?, The
contrasts between DFD and normal classes for the studied variables, as well as the analysis
of the logistic model with multiple independent variables were performed when applying the
TTEST, FREQ and LOGISTIC procedures of the SAS 9.4 statistical package®.

Results and discussion

The percentage of DFD beef found in this study was 13.45 %, lower than the 38.99 %
observed in the last study conducted in another region of Mexico®Y. Regional differences
between the presence of DFD beef suggest that the factors influencing this condition are
multiple and varied®®. In addition, an increase in the frequency of this problem has been
observed in other North American countries: in the US, it went from 1.9 % in 2005“% to
3.2 % in 20128 and in Canada from 1.0 % to 1.3 % in a span of just over a decade®’4®),

Of the variables included in this study, only 10 showed significance in DFD vs normal
contrast (Tables 1 and 2). However, when performing the analysis of the multiple logistic
regression model, only four of them showed explanatory value (P<0.05), which were: time
in the waiting pen, stunning efficiency, subcutaneous fat thickness (EGS) and the pH
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differential (ApH) (Table 3). None of the interactions between these variables or with the
remaining ones showed significant value within the model (P>0.05). In the Hosmer—
Lemeshow goodness of fit test, the null hypothesis was not rejected (P=0.963). Table 4
presents the OR values, along with their 95% confidence interval.

Table 1: Effect of quantitative, intrinsic and extrinsic variables on the type of beef

Variable DFD Normal

Mean SE Mean SE P-value
Unloading
Temperature, °C 30.4 1.00 32.5 0.28 0.010
HR-T Index 77.1 10.5 79.7 0.28 0.934
Transport
Animal density, m?/ head 3.1 0.29 2.6 0.09 0.061
Rest pen
Animal density, m?/ head 9.6 1.17 115 0.55 0.214
Time, h 15.4 0.23 14.8 0.10 0.021
Conductive sleeve to the slaughter drawer
N° of people in herding 1.5 0.13 1.7 0.07 0.449
Temperature, °C 23.6 0.80 25.4 0.24 0.009
HR-T Index 71.2 1.12 74.1 0.33 0.002
Time, min 68.2 6.47 54.4 2.18 0.023
Slaughter
Stunning-bleeding interval, sec 179.8 10.04 147.7 4.49 0.008
Hot carcass
Weight, kg 284.7 10.32 2958 3.78 0.289
PHa45min 7.0 0.03 6.9 0.02 0.131
Temperature, °C 4smin 33.2 0.31 335 0.11 0.351
Cold carcass
ApH 0.95 0.04 1.45 0.02 <0.001
Fat thickness, cm 0.40 0.04 0.55 0.02 0.007
Density in the cold room, m?% carcass 2.3 0.06 2.2 0.03 0.667

P-value of Student’s t test.
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Table 2: Effect of categorical, intrinsic and extrinsic variables on the type of beef

Variable DFD Normal
Frequency Percentage Frequency Percentage P-value

Animal
Sex 0.186®
Male 11 20.00 44 80.00
Female 42 12.39 297 87.61
Origin
Form of acquisition 0.895®
Auction 18 14.17 109 88.89
Farm 35 13.11 232 86.49
Unloading
Season 0.097®
Spring 6 6.32 89 93.68
Summer 15 13.51 96 86.49
Autumn 14 17.95 64 82.05
Winter 18 16.36 92 83.64
Transport
Distance 0.048%
>60 min 9 25.71 26 74.29
30-60 min 6 8.45 65 91.55
<30 min 38 13.19 250 86.81
Type of transport 0.191®
<2m long 24 13.87 149 86.13
2-4 m long 6 25.00 18 75.00
>4m long 23 11.68 174 88.32
Rest pens
Separation 0.741@
Yes 3 15.00 17 85.00
No 50 13.37 324 86.63
Visible lesions 0.293@
Yes 2 25.00 6 75.00
No 51 13.21 335 86.79
Conductive sleeve to the slaughter drawer
Herding instrument 0.070W
Prod 25 15.92 132 84.08
Other 6 6.38 88 93.62
None 22 15.38 121 84.62
Falls 0.089®@
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Yes 2 50.00 2 50.00
No 51 13.08 339 86.92

Slaughter

Day of the week 0.771®
Monday 30 14.15 182 85.85
Thursday 23 12.64 159 87.36

Efficacy in stunning <0.001®
Correct 25 9.29 244 90.71
Wrong 28 22.40 97 77.60

P-value of ¥? test (1) and Fisher’s exact test (2).

Table 3: Coefficient, standard error and P-value of the variables included in the multiple

logistic model
Variable Coefficient ~ Standard error  P-value
Time in corral, h 0.522 0.126 <0.0001
Stunning efficacy 1.251 0.375 0.0009
Subcutaneous fat thickness, cm -1.883 0.636 0.0031
pH differential [ApH] -4.554 0.695 <0.0001
Constant -5.308

Table 4: Probability ratio (OR) and confidence interval (Cl) of the variables included in the

logistic model
Variable OR 95% CI
Time in pen, h 1.686 1.317a2.159
Incorrect stunning 3.492 1.674 a7.287
Subcutaneous fat thickness, cm 0.152 0.044 a 0.529
pH differential [ApH] 0.011 0.003 a0.041

The time prior to slaughter that cattle spend in the waiting pens is associated with the presence
of DFD beef, the OR value indicates that the possibility of this defect occurring in the
carcasses is 1.69 times greater for each hour that elapses. Some authors recommend a rest
time of 3 hours as sufficient for the animal to recover from the negative effects derived from
transport®>4%, however, the regulations of Mexico and other countries indicate that the rest
time of the animals in the slaughterhouse should be from 12 to 24 h®%3D considering the OR
value obtained in this study, the application of the maximum time of these standards implies
a significant increase in the risk of presence of DFD beef. Waiting times higher than 15.8 h
and 12.0 h in retention pens, evaluated in two different studies, have resulted in OR values
of 2.20 and 2.03 respectively, estimated by applying logistic regression models for carcasses
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with final pH >5.8752), The results of this work, as well as those referred to above, show that
the longer the animal spends in the rest pen, the more stressful elements may occur,
increasing the possibility of greater frequency of DFD beef.

Poor desensitization of the animal on this slaughterhouse showed a 3.49 times greater chance
of resulting in dark-cutting type meat; therefore, in the slaughter of cattle, it is important to
determine if the animal is insensitive after the shot, since the bleeding and processing of the
carcass cannot begin without having carried out this stage correctly‘®5%). For the efficacy of
desensitization in hoisting to be recognized as ‘’acceptable’’, a percentage of no more than
0.2 % of animals with signs of sensitivity must be present®®. In this study, the percentage of
animals with signs of sensitivity in hoisting was 31.7 %, which indicates that, in addition to
negatively affecting the quality of meat, there is a serious animal welfare problem; this
problem is not exclusive to the slaughterhouse evaluated, since the percentage found was less
than the 49.0 % reported in another TIF slaughterhouse in northwestern Mexico® and
66.9 % in another slaughterhouse in Chile®®). In relation to the number of shots, the following
percentages were observed: 1 (88.1 %), 2 (9.6 %) and 3 or more (2.3 %). It is considered as
‘“acceptable’” when the percentage of animals instantly stunned with a single shot is 95 % or
more, and as “serious problem’” when it does not reach 90 %©?9; in this slaughterhouse this
last figure was not reached, evidencing the problem of animal welfare at this stage. The most
frequent causes of the low efficacy in desensitization by firing with retractable bolt are
improper maintenance of the gun or fatigue that the operator experiences due to a high speed
of the flow of animals in the stunning drawer®®. Although there are studies that have
examined the impact of a poor desensitization on the presence of DFD beef®®® most research
on desensitization in cattle has paid greater attention to behavioral and physiological
reactions related to animal welfare®®%6). However, the efficiency of stunning in the quality
of the carcass should be assessed more thoroughly®”, as desensitization is a very important
part of the slaughter process and therefore can affect the quality of the final product®®).

The EGS showed an inversely proportional relationship on the presence of DFD beef. The
value of OR of 0.15 indicates that it is a protective factor. Its inverse indicates that for each
cm of increase in EGS, there is a 6.67 times greater chance of resulting in meat normal. This
result was similar to that obtained in another research that applied the SEUROP carcass
fatness grade classification system, where an OR of 0.18 was observed for carcasses with a
good fatness grade(”. It is estimated that carcasses with an EGS of less than 0.76 cm have a
higher probability of presenting DFD beef®. Carcasses with greater fatness maintain a
temperature similar to the live animal for longer when they are introduced to the cold
room®@), accelerating muscle metabolism and presenting a greater decrease in pH in the
process of establishing rigor mortis©?.
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The rate of pH decrease in the muscle post-rigor has a direct influence on the pHu and the
color of the carcasses. The relationship observed between ApH and the presence of DFD beef
was inversely proportional, with a value of 0.011 for OR. Its inverse indicates that, for each
increment by a unit, the chance of normal meat being presented will be 90.9 times greater.
There is a direct relationship between the rate of pH decline and the temperature of the
carcass®>%9), Carcasses with higher temperatures in the pre-rigor period generate higher ApH
values, therefore, with less possibility of resulting in dark cutting®©.

Conclusions and implications

The percentage in the presence of DFD beef obtained in this study was 13.45 %. Of the 27
variables evaluated, 10 of them, intrinsic and extrinsic, revealed statistical association with
the presence of DFD beef, however, only four of these ten showed explanatory value to
quantify the risk of dark cutting within the mathematical model used; these were: time in the
waiting pen, efficacy of the desensitization (where animal welfare problems were observed),
ApH and EGS. The first three are present throughout the slaughter process; from the handling
that is given to animals before and during death, as well as in post-mortem metabolism, the
latter is typical of the animal. Therefore, a multicausal evaluation is necessary throughout the
slaughter process to adequately prevent this problem. Overall, this study presents concrete
data on what factors actually favor the presence of DFD beef, with a direct interest for the
slaughterhouse itself and for those working under similar conditions (TIF), but also for
scientific purposes.
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