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Introduction
 Brazil’s livestock farming stands out as an important sector of the 
national economy, and in the year 2016, Brazil kept its spotlight in the 
international market as the world’s greatest beef meat exporter [1].

 To maintain the competitiveness, it has invested in the productivi-
ty and quality of the final product offered to the consumer [2]. In beef, 
tenderness, flavor, juiciness and color are desired as determining char-
acteristics for the purchase decision, which are susceptible to changes 
due to intrinsic factors such as the gender, age and breed, and extrinsic 
factors such as nutrition and stress during handling [3].

 Studies on meat quality often correlate evaluating characteristics 
of meat produced by crossbreeding and the comparison of age and 
diet [4-6] and the main analyzed characteristics are the pH, colorim-
etry and shearing force as Klont [7]; Wheeler [8]; AMSA [9], as well 
as water retention capacity when measured by evaluating cooking and 
drip losses [4]. There are still no studies that perform the detection of 
reactive species of oxygen as a parameter of quality beef.

 Still related to the meat quality is the pre-slaughter handling per-
formed by the farms and industries of meat, which can generate stress, 
contusions and hematomas in the animal, interfering with meat qual-
ity at the end of the process and causing economic losses to the pro-
ducer and the industry according Romero [10]; Alves [11].

 Electron Paramagnetic Resonance spectroscopy (EPR) is a tech-
nique that has been applied to some foods, making it possible to detect 
free radicals at an intracellular and extracellular level thus allowing 
the correlation of the presence of free radicals with the quality of the 
final product [12]. Chen [13], used the EPR technique to evaluate 
the oxidative stress mechanism in broiler chickens. The authors con-
firmed that oxidative stress induced by H2O2 had a negative effect 
on relative muscle weight, the significantly higher ROS formation in 
the muscle show lower quality meat, with lower pH 24h value, high-
er shearing force and greater drip losses [13]. Another study applied 
EPR to measure the meat quality of pigs shortly after slaughter. The 
authors observed that oxidation occurred differently in the different 
muscle tissues and that this process can reduce meat quality, changing 
the flavor, coloration, drip and cooking losses.
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Abstract
 The aim was to detect Reactive Oxygen Species (ROS) and eval-
uate the quality of carcasses and beef from cold storage slaughter-
houses located at the Federal District area, and the possible use 
of the ROS as a quality marker. Data and samples obtained from a 
total of 33 animals and their respective carcasses. Fragments of the 
extensor carpi radial is muscle were extracted to analyze the pres-
ence ROS, and samples of the Longissimus dorsi, 24h post-mortem 
for pH, colorimetric test, cooking loss and drip loss assessment and 
the sheer force. The presence of hematomas was detected in 28 car-

casses, where the tail and croup (17/33) and flank (17/33) regions 
were the most affected. The electron paramagnetic resonance indi-
cated an average of 52.59 ROS/g in the analyzed pieces. The meat 
quality tests indicated: 5.8 for the 24h post-mortem pH, L*29.34, 
a* 2.52 and b* 1.31 in calorimetry, 2.30 kg/f for the shearing force, 
11.75% of cooking losses and 1.88% of drip losses. The statistical 
analyses demonstrated a tendency to positive correlation between 
the presence of hematomas with and the amount of ROS, and be-
tween the presence of hematomas and pH value.
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 To this moment, no scientific findings were found to correlate the 
detection of reactive oxygen species with the beef meat quality in 
combination with the pre-slaughter handling of the livestock. In the 
region of the Federal District and Surroundings there is no informa-
tion on the characteristics of beef meat quality meant for sale in terms 
of the pH, tenderness, cooking and drip losses, as well as the charac-
terization of the pre-slaughter handling and their consequences in the 
conversion of muscle into meat in the daily routine of the regional 
cold storage industry.

 Considering the importance of the behavior of the organoleptic 
characteristics of beef meat, as well as the pre-slaughter handling, 
this project aimed to evaluate the 24h post-mortem pH and coloration, 
the drip and cooking liquid losses and the shearing force in beef meat 
from cold storage slaughterhouses located in the Federal District and 
Surroundings, and to detect reactive oxygen species in muscle tissues 
by electron paramagnetic resonance, as well as evaluate a possible 
correlation with the quality beef parameters.

Materials and Methods
 The collection of data and samples was performed in cold storage 
beef slaughterhouses located in the Federal District and Surroundings. 
All slaughterhouses were certified by an official inspection service 
such as SIF or SISBL and the animals were subject to the norms of 
Humane Slaughter outlined in the Normative Instruction no. 3, of Jan-
uary 17th, 2000, according to the Ministry of Agriculture, Livestock 
and Supply [14]. Four collections were performed between April and 
September, 2017 and 33 beef carcasses were obtained in total.

 During the pre-slaughter handling in the cold storage slaughter-
houses, information was obtained on the travel time (h) and distance 
(km) from the location of the rural property from which the animals 
originated, as well as the identification of the animals by batch, breed, 
age and gender with Animal Transit Guide. After the desensitization, 
bleeding and skinning procedures, pieces of approximately 3.0cm of 
the extensor carpi radial is muscle were collected and frozen in liquid 
nitrogen for the subsequent quantification of reactive oxygen species. 
Next, the number and location of hematomas in the carcasses were 
evaluated, dividing them into regions proposed by the methodology 
by Cardoso [15]. 

 After the cooling of the 33 carcasses for 24h in the slaughterhouse 
refrigeration chamber, a piece of the Longissimus dorsi muscle of ap-
proximately 500g was removed, 2.5cm thick, between the 10th and 
12th rib for the meat quality analyses.

 For the quantification of reactive oxygen species in the muscle tis-
sue, the protocol recommended by Mrakic-Sposta [16], was followed. 
The pieces of the extensor carpi radial is muscle (we give preference 
to a musculature that could be removed as soon as possible to detect 
the ROS) immersed in liquid nitrogen were transported to the Lab-
oratory of Biochemistry and Protein Chemistry at the University of 
Brasília to prepare the samples for the paramagnetic resonance spec-
troscopy analyses at the Laboratory of Electron Paramagnetic Reso-
nance at the Institute of Physics.

 The pH was measured with a portable digital pH meter (Tes-
to® 205) equipped with an insertion electrode. The samples of 24h 
post-mortem beef meat were exposed to atmospheric air for 30 min-
utes, followed by three readings at different points and the calculation  

of their arithmetic mean. A portable Chroma Meter Cr-400 (Minolta 
Camera Co., Ltda., Osaka, Japan) colorimeter was used. To deter-
mine the color, the CIELAB color space was adopted, which applied 
the lightness (L*) coordinates varying from 0 (black) to 100 (white), 
shades of red (a*+) to green (a*-), and shades of yellow (b*+) to blue 
(b*-).

 To evaluate the weight loss during the cooking, the procedure rec-
ommended by AMSA [9], with adaptations, and used the calculation: 
Cooking loss = [(weight of raw steak – cooked weight) ÷ weight of 
raw steak] × 100. After this procedure, the samples were individually 
packaged in low-density polyethylene bags, properly identified and 
stored under refrigeration at 4ºC for 24h for the subsequent perfor-
mance of the shearing force test.

 The protocol recommended by Wheeler [8], was applied. Three 
cylindrical pieces were collected from each meat sample, cut parallel 
to the direction of the muscle fiber using a perforator. These three 
sub samples underwent the shearing test using equipment of model 
WARNER-BRATZLER MEAT SHEAR® (G-R Manufacturing Co. 
Manhattan), 235 6X. The results were given in Kg/f and the mean 
between the three sub samples was calculated to represent the force 
used to cut each sample.

 The drip loss was measured according to the procedure recom-
mended by Honikel [17], with adaptations by Kim [18].

 A piece of approximately 50g was removed 24h post mortem from 
each beef meat sample from the refrigerated slaughterhouses. 

 The samples were individually placed in polyethylene nets. They 
were then suspended by a hook, wrapped by a polyethylene bag with 
no contact with the sample and stored under refrigeration at 4ºC for 
48 h. After that, we calculated the loses: Drip loss = [weight after the 
dripping ÷ weight before] × 100.

 The samples of the pieces of the extensor carpi radial is muscle 
collected shortly after the bleeding were frozen in liquid nitrogen and 
taken to the Laboratory of Biochemistry and Protein Chemistry of the 
University of Brasília, where they were subjected to freezing at -80ºC 
until the preparation of the samples.

 They were removed from the freezer and then cut with a scalpel, 
reduced to four parts of approximately 2x2x2 mm. Next, the tissues 
were washed thrice with a KHB solution (Krebs Hepes, Noxygen, 
Germany). After washing, 700µL of CMH (1-hydroxy-3-methylcar-
bonyl-2,2,5,5-tetramethylpyrrolidine) was added at a concentration 
of 200µM (Noxygen®, Germany) and 50UI/mL of sodium hepa-
rin (Hepamax-S®, Blausiegel Ind. Com. Ltda., São Paulo, Brazil) 
was added. Samples were incubated under agitation at 37ºC for 60 
minutes. Incubation was followed by the removal of 450µL of the 
supernatant, which was transferred to a 1mL syringe for immediate 
freezing in liquid nitrogen and subsequent storage at -80 ºC until the 
reading by the electron paramagnetic resonance spectrometer.

 The remaining pieces of muscle tissue in the eppendorf tubes were 
dehydrated in Speed Vac (Savant SC100) apparatus and weighed for 
the calculation of the reactive oxygen species in the muscle tissue. 

 The calibration of the electron paramagnetic resonance apparatus 
and the reactive oxygen species analysis were performed according to 
the protocol described by Gomes et al. [19]. The measurements were  

http://doi.org/10.24966/FSN-1076/100061


Citation: Leite TR, de Sousa CMZ, de Souza PEN, de Souza FHV, Gonçalves VSP, et al. (2020) Detection of Reactive Oxygen Species as a Possible Maker of 
Quality of Bovine Meat. J Food Sci Nutr 6: 061.

 • Page 3 of 10 •

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal
DOI: 10.24966/FSN-1076/100061

Volume 6 • Issue 2 • 100061

performed at the Laboratory of Electron Paramagnetic Resonance of 
the Institute of Physics at the University of Brasília.

 The X-band Bruker® EMX500 spectrometer apparatus was used 
(9.45 GHz), 2mW of microwave power, 5 Gauss modulation field, 
modulation frequency of 100kHz, scan width of 200G, scan time of 
10s and 5 scans added in combination for each measurement. 

 The calibration curve was defined based on Berg et al. [20]. The 
frozen samples were removed from the syringes and placed individu-
ally in the Finger Dewar container (Noxygen® Germany), which was 
subsequently filled with liquid nitrogen. The Finger Dewar was then 
coupled to the spectrometer with each sample, still frozen, one at a 
time, and the detection of the reactive oxygen species was performed 
individually, which generated a curve corrected for the CP• quantity 
according to the calibration curve, obtaining the ROS quantification 
in the sample as the result.

Statistical Analysis 
 In this article, one program and four tests were used to perform the 
statistical analysis of the data.

 The mean and standard deviation of the samples were performed 
using the Stata Corp program. 2011. Stata: Release 12. Statistical 
Software. College Station, TX: Stata Corp LP.

 The Shapiro-Wilk test was applied to verify the normal distribu-
tion of the analyzed variables (pH and sex). The Kruskal-Wallis test 
is a non-parametric test, used to verify normality between the days of 
the collections. The Kolmogorov-Smirnov, also non-parametric, was 
used to compare the hematoma and pH averages, and the hematoma 
and reactive oxygen species averages.

Results and Discussion
 The information obtained on the travel distances in (km) and trav-
el time (h) from the property to the cold storage slaughterhouses, of 
the 33 cattle in this study, as well as the breed, gender and age are 
presented in table 1.

 The travel distances by road transportation observed in this study 
were on average 110km and the mean travel time was 1h 50m. The 
travel time can influence the final quality, therefore, animals travel-
ling long distances (greater than 330km) can present higher final pH 
(pH>6) compared to the short distance travels, according Batista De 
Deus et al. [21].

 The time from the arrival at the cold storage slaughterhouse to 
the moment of slaughter ranged from 13 to 16 hours, this rest time 
corroborates with, which requires rest and fasting of at least 6h at the 
slaughterhouse, with a possible extension to 24h, when the travel time 
does not exceed 2 hours for the cattle [22]. However, the latest version 
does not establish a minimum and maximum period of fasting and 
water diet [23].

 Inevitably, longer travel distances involve longer fasting and water 
diet periods, which, for prolonged periods (longer than 16 hours) can 
affect meat quality, causing fatigue and stress to the animal that can 
lead to an elevated final pH and higher shearing force, and it can also 
lead to weight loss and dehydration in the cattle according Knowles 
[24]; Ludtke et al. [25]. The distances found in the present study have 
short travel times, not requiring long fasting periods and not affecting, 
in this aspect, the welfare of the animals. 

 In this study, the presence and location of the hematomas were 
evaluated in the beef carcasses after skinning and the results are pre-
sented in table 2.

Collections Distance (Km) Travel time (h) Rest time (h) Breed Gender Age in Months

1 90 1h 20 m 13h 30m Crossbred 9 Males 24 - 36

2 130 1h 40 m 13h 30m Crossbred 4 Males 24 - 36

3 70 1h 16h Crossbred 1 Male
6 Females 24 - 36

4 140 2h 13h Crossbred 13 Females 24 - 36

Total 33 Animals

Table 1: Data on the 33 cattle: travel distance (km) and travel time (h), breed, gender and age (months) obtained at the cold storage slaughterhouses in the 04 collections carried 
out from April to September, 2017. 

Region Mean of the Values Obtained in the Collections Number of Affected Percentage with Lesions (%)

Collection 1
n=9

Collection 2
n=4

Collection 3
n=7

Collection 4
n=13

Tail and croup 2 1 5 9 17 / 33 51.5

Pelvic limb 5 2 0 0 7 / 33 21.2

Flank 5 2 3 7 17 / 33 51.5

Ribs 1 0 1 1 3 / 33 9.0

Thoracic limb 0 0 1 5 6 / 33 18.1

Cervical region 0 0 0 0 0 / 33 0.0

Without hema-
tomas 3 0 1 2 5/33 15.1

Total 16 5 11 24 33/33 -

Table 2: Hematomas detected in the beef carcasses divided according to the affected region in the carcass, number of animals affected and the percentage of animals with lesions 
in cold storage slaughterhouses from the Federal District and Surroundings.
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 Among the 33 cattle observed, only 5 animals did not present he-
matomas. They were observed in the regions of tail and croup, pelvic 
limb, flank, ribs and thoracic limb. The most affected region was the 
flank, followed by the croup and tail, as described in table 2. The high 
percentage of contusions in these areas could be due to improper han-
dling of the animals, the use of sharp objects, poles, electric shock or 
even trauma caused during the transportation from the rural property 
to the cold storage slaughterhouse, as described by Huertas et al. [26].

 The pelvic limb represented the third most affected area. This 
high percentage was observed due to the lesions at the metatarsus of 
a certain batch which presented straight line marks that resembled the 
shape of a string. Therefore, it is assumed that these hematomas oc-
curred due to the improper restraining at some time during the trans-
portation. The route and the condition of the vehicle should also be 
considered, because poor road conditions and occupancy could lead 
to various contusions [24]. The present study did not identify cattle 
with severe wounds or deep hematomas and none of the animals died 
in the course of transportation. 

 In the present study 5 animals did not present any type of hemato-
ma, a value that corresponds to 15% of the animals. This is a positive 
result when compared to a study by Andrade et al. [27], which eval-
uated hematomas in cattle transported by river and found 5 animals 
without lesions among 88 evaluated, representing only 5.8% of the 
herd.

 The combination of the results from the present study identified 
11 animals with up to 1 hematoma, 8 animals with 2 and 14 with 3 or 
more hematoma lesions, results similar to those observed by Bertolo-
ni et al. [28], where 60% of the slaughtered animals presented at least 
one hematoma in their carcass.

 Among the most affected areas by hematomas, the hindquarter 
region was in second place in the second place, with results like An-
drade et al. [27], who formulated the hypothesis of improper handling 
during the transportation and handling of the animals, which may 
have included the use of poles or electric stimuli to move them.

 In addition to being used as a welfare indicator, hematomas gen-
erate economic loss to the producer, given that the meat can be com-
promised and discarded due to the lesion extension and depth [28]. 
Handling best practice can avoid great economic losses given that the 
main noble cuts are located in the most affected regions.

The results for the meat quality tests are presented in table 3.

 A mean pH of 5.86 was observed in the animals of the present 
study. This pH value meets the parameter of normal meat (pH<6.0) 
Adzitey e Nurul [29]. The results also corroborate with Kuss et al. 
[5], evaluated young cattle (22 months old) entire with the mean 
24h post-mortem pH of 5.9. These results are also similar to those 
observed by Andrade et al. [4], in cattle of the Nelore breed, which 
found pH from 5.4 to 5.8, and to those in Batista de Deus et al. [21], 
with the Aberdeen Angus breed, which identified values ranging from 
5.6 to 5.78.

 Only collection 01 (with a pH value of 5.94) had a pH value ap-
proaching the high range (pH≥6.0 according to Adzitey and Nurul 
[29]. However, it is not possible to state that the observed only the 
pH in this collection is linked to a long travel time (prolonged chronic 
stress), given that the mean travel time was 1h 20m, a time shorter 
than the trips considered long (longer than 3h) [21].

 According to the statistical analysis of the relationship of pH with 
hematoma (presence and absence) in the beef carcasses of the present 
study, according to the Kolmogorov-Smirnov test, STATA 12®, there 
was no significant difference (p>0.05) between the means of the two 
variables. However, the same test highlighted a large difference in the 
standard deviation. This information indicated a trend where the pH 
of animals without hematoma lesions presented low variation among 
the groups (approximately 5.7 to 5.8), while the animals with hema-
tomas presented a wide pH variation range (6.63–5.66), as presented 
next (Figure 1). 

 The tenderness test indicated an overall mean shearing force of 
2.30 (kg/f) of all the samples, similar to that observed by Rubiano et 
al. [30], which mean values of 2.48 for cattle of the Canchim breed 
and 2.69 for Nelores. Fernandes et al. [31], reported for the same 
breed a mean value similar to that of the present study, of 3.09 in 
neutered males. These results accord with Fernandes et al. [31], where 
values below 5kg/f characterize the meat is tender.

 The statistical analysis performed by the Kolmogorov-Smirnov 
Test, STATA 12®, for the variables of gender (males and females) 
and shearing force for tenderness, identified a statistically significant 
difference between the means.

Mean Values Obtained from the Collections Final the Collections Standard Deviation

Quality characteristics 
of the meat samples

1
n=9

Males 9
Females 0

2
n=4

Males 4
Females 0

3
n=7

Males 1
Females 6

4
n=13

Males 0
Females 13

1 – 4
n=33

Males 14
Females 19

1 – 4
n=33

Males 14
Females 19

pH 5.94 5.84 5.83 5.83 5.86 0.285

Shearing force kg/f 2.86 4.18 2.09 1.47 2.30 1.356

Cooking losses % 14.76 15.73 10.58 9.07 11.75 4.563

Drip losses % 0.70 1.46 1.70 2.93 1.88 1.354

L* 32.94 32.36 27.85 26.71 29.34 4.077

a* 14.35 15.25 13.34 14.82 14.43 2.526

b* 6.33 6.67 5.15 5.46 5.78 1.312

Table 3: pH, shearing force, cooking losses, drip losses and colorimetric (L*a*b*) analyses of the 33 beef meat samples (Longissimus dorsi) obtained after 24h in cold chamber 
of cold storage slaughterhouses located in the DF and Surroundings.

Note: L* - lightness; a* - red color intensity; b* - yellow color intensity.

http://doi.org/10.24966/FSN-1076/100061


Citation: Leite TR, de Sousa CMZ, de Souza PEN, de Souza FHV, Gonçalves VSP, et al. (2020) Detection of Reactive Oxygen Species as a Possible Maker of 
Quality of Bovine Meat. J Food Sci Nutr 6: 061.

 • Page 5 of 10 •

J Food Sci Nutr ISSN: 2470-1076, Open Access Journal
DOI: 10.24966/FSN-1076/100061

Volume 6 • Issue 2 • 100061

 The males presented a mean of 3.127 with standard deviation of 
1.654, while the females presented a mean of 1.703 with deviation 
of 0.621, which leads to the conclusion that gender influences the 
tenderness of beef meat according Alves et al. [32], Hosrt et al. [33].

When evaluated, the results of the present study confirm that the col-
lections that were largely formed by females (collection 3 and col-
lection 4) presented lower shearing force in comparison to the other 
groups, as previously demonstrated in table 3.

 According to the cooking loss test analysis, the present study 
found values ranging from 4 to 24.07% of total moisture loss, with 
an overall mean of 11.75%. Differently from the results obtained in 
this study, greater losses were observed by Barcellos et al. [34], in 
cattle of the Nelore breed, with moisture losses of 24% and 29% in 
Angus x Nelore crossbreeds. Andrade et al. [4], found in cattle of the 
Nelore breed greater losses of 29.1% when compared to the present 
study. Costa et al. [6], in Red Angus heifers losses between 20.1% and 
25.5% and Menezes et al. [35], reported losses of 22.2% in Charolais 
and 22% in Nelores.

 The coloration presented by the 33 cuts of approximately 500 
grams obtained after 24h of cooling in cold chamber indicated mean 
values of 29.34 for L* (lightness), 14.43 for a* (intensity of the red 
color) and 5.78 for b* (intensity of the yellow color). The animals 
presented a slightly low L* value. According to Muchenje et al. [36], 
it is considered normal that when the pH is approximately 5.7, the L* 
values range between 33.2-41, a* between 11.1–23.6 and b* between 
6.1–11.3. 

 Especially in collections 03 and 04 the L* presented the lowest 
values (27.85 and 26.71, respectively). When evaluated, the pH of  

these collections revealed means of 5.83 in both collections. A pH 
higher than 6.0 could characterize a DFD meat and therefore lower 
lightness (dark meat) with smaller water retention losses (dry) [25]. 
When evaluated individually, overall, most of the darkest meat sam-
ples (L*<33) presented a pH higher than 5.8. In turn the a* and b* 
values are in accordance with the previous studies, such as Barcellos 
et al. [34], for a* of 14.58 and Andrade et al. [4], for b* of 3.78, all 
performed with cattle of the Nelore breed. 

 A variety of other factors could influence the coloration, such as 
the activity level of the animal: Pasture-raised animals exercise more 
and are slaughtered at a more advanced age, thus presenting higher 
myoglobin content and having a more intense red color [37].

 Drip loss is one of the parameters used to evaluate the Water Re-
tention Capacity (WRC). In the present study, the mean of the col-
lections for the drip losses was 1.88%, unlike those observed by Ig-
arassi et al. [38], who found the value of 4.30% for the drip losses in 
Red Angus x Nelore animals. Strydom et al. [39], found the value of 
2.01% in cattle of the Brahman breed, Hopkins et al. [40], found a 
mean of 2% in 115 carcasses from cold storage slaughterhouses and 
Lage et al. [41], found the value of 1.85% in Nelores. The present 
study indicated low fluid loss, once again, due to the high water reten-
tion capacity, a result attributed to the low protein denaturation and 
high water bond, as described by Adzitey and Nurul [29].

 The detection of the reactive oxygen species in the samples of mus-
cle tissue collected post-slaughter was performed using a Bruker® 
EMX plus EPR X-Band spectrometer. After converting the values of 
the curve in the proper equation, a numeric value is obtained, which 
represents the amount of reactive oxygen species detected per gram 
of tissue. The mean values obtained for the samples of each collection 
period are found in table 4.

 There are no results of ROS quantification in muscle tissue ob-
tained in post-slaughter of beef meat. Gadjeva et al. [42], used the 
EPR technique for the detection of free radicals and antioxidant agents 
in different muscle groups in pork meat in natura, in the range of 2 to 
3 hours after slaughter. The researchers detected in the Longissimus 
muscle a mean value of 7.69±0.91 of ROS per gram, a lower value 
compared to the means of the other muscles analyzed in the study, the 
subscapularis (8.66±1.17) and gluteobiceps muscles (8.54±1.05). In 
the present study, the analyzed muscle piece was the extensor carpi 
muscle and a higher value was detected in the samples than that found 
by Gadjeva et al. [42], with the mean value of 52.58 ROS/g for all the 
collections.

 The implications of this high mean are not clear because there still 
is a lack of studies on the ROS dosage in meats of different domestic 
species. Hence, some hypotheses can be formulated, which would ex-
plain these discrepant results.

Figure 1: Statistical results presented in Boxplot according to the Kolmogor-
ov-Smirnov Test, STATA 12®, for the evaluation of the relationship between the 
variables pH versus absence and presence of hematomas.

Mean Values of ROS Obtained for the Four Collections Final Mean of 
the Samples

Performed collections 1
n=9

2
n=4

3
n=7

4
n=13

1 – 4
total n =33

ROS per gram in the muscle tissue 39.67 35.24 99.15 36.29 52.58

Table 4: Mean of the values for the reactive oxygen species obtained by the EPR curve for the muscle tissue samples, per gram.
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 Firstly, the different species evaluated, since the present study per-
formed the detection of ROS in beef meat samples, while Gadjeva et 
al. [42], worked with pigs, so it is not possible to compare the results. 
Other factors that may have influenced the amount of ROS are the 
selected muscle region and the applied methodology. In this study, 
the extensor carpi muscle piece was analyzed, collected immediately 
after slaughter and frozen in liquid nitrogen, while Gadjeva et al. [42], 
samples were collected from three other muscle regions and removed 
3 hours after slaughter on average, which would mean that antioxi-
dant enzymes had been acting for 3h.

 Gadjeva et al. [42], present evidence that the Catalase and Super-
oxide dismutase enzymes decrease the content of free radicals in the 
muscle cell, decreasing the local oxidative activity in the range of 2 to 
3 hours post mortem, since it was observed that when oxidative stress 
increases, the activity of these enzymes also increases, demonstrating 
the response of the antioxidant enzymatic system in fresh pork meat. 
Because in the present study the samples were frozen, these enzymes 
probably did not have time to act This is one of the most influential 
surveyed factors for the large number of free radicals detected by the 
EPR in this study. Therefore, it is necessary to perform further studies 
and to quantify the reactive oxygen species with different collection 
and storage conditions and post-slaughter time period [43-58]. 

 Further studies should be performed on this subject, comparing 
different protocols for the measurement of free radicals with the qual-
itative analysis of the meat, so it is possible to verify whether the 
presented amount of ROS is enough to affect the product quality.

 The analysis of the variables ROS in the tissue and hematomas 
(absence or presence) according to the Kolmogorov-Smirnov Test, 
STATA 12®, indicated no significant difference in the averages eval-
uated, while there was a difference in the standard deviation results, 
revealing a trend where animals without hematomas have a smaller 
and narrower variation rate when compared to animals that presented 
hematomas (Figure 2).

 The present study is the first performed in Brazil that relates 
pre-slaughter cattle stress with the detection of ROS, and its influence 
on meat quality. However, it is necessary to perform further studies to 
allow technical standardization, more clarity in the reading of results  

and the verification of a possible relationship between the factors of 
pre-slaughter stress, the presence of free radicals and meat quality

Conclusion
 The distance and time taken by the animals to arrive at the cold 
storage slaughterhouses in the region of the Federal District and Sur-
roundings and the rest time during which they remained in the slaugh-
terhouse were not enough to influence their meat quality.

 The results obtained in the organoleptic analyses of the meat in-
dicated some variations in the evaluated parameters, however, the 
samples met the parameters considered for high-quality meat. Statis-
tically, two trends were observed in the present study. According to 
the Kolmogorov-Smirnov, test analysis for the evaluation of the rela-
tionship between the variables of pH versus the absence or presence 
of hematoma, it was proved that the pH value can be affected by the 
presence of hematomas. Therefore, the results presented by the Kolm-
ogorov-Smirnov test for the assessment of the relationship between 
the ROS variables in the tissue/gram versus absence and presence of 
hematomas, which demonstrated that the amount of reactive oxygen 
species in the muscle tissue can be influenced by tissues with hemato-
mas. 

 No studies were found comparing the amount of pre-slaughter 
ROS in relation to stress and beef meat quality, thus requiring further 
studies in this area to verify whether there is a possible relationship 
between these parameters and whether they are correlated to stress.
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