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Abstract

Forty young bulls were finished in feedlot with diets that contained different dosages of a
combination of several natural additives (NA), i.e., clove essential oil, cashew and castor oil, and rumen-
protected eugenol, vanillin, and thymol. The animals were randomized in five diets containing four
different inclusion levels of NA and a control diet (n = 8 animals per treatment): basal diet without NA
(CON); NA15 = 1500 mg/day; NA30 = 3000 mg/day; NA45 = 4500 mg/day, and NA60 = basal diet with
6000 mg/day of the natural additives blend. Colour, antioxidant activity (DPPH, ABTS and FRAP
assays), lipid oxidation, and visual acceptability were evaluated through display (until 14 d in vacuum
or film packages). Both factors (diet and display) affected all parameters evaluated. The highest dosage,
NAG60, was able to improve the antioxidant potential, decreasing beef oxidation to produce a higher
visual acceptability. The results of this research provide evidence that NA included in the diet of beef
cattle can improve overall meat quality and extend shelf-life, thus, providing higher visual acceptability
through the colour perception of consumers.

Keywords: Bioactive compounds; essential oils; eugenol; natural antioxidants; oxidation stability;
thymol
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Introduction

Consumer awareness of the impacts of food on human health has increased in recent decades,
especially for products of animal origin (Clonan et al., 2015; Ducatti et al., 2009). There is an increasing
interest in products that are safe, healthy, ethical, with a low impact on the environment that are
affordable (Bosona & Gebresenbet, 2013; Monteschio et al., 2017, Monteschio et al., 2020; Vital et al.,
2018). Natural additives (NA), such as plant extracts and essential oils, are a promising option to be
used in the diet of ruminants as shown by evidence of improved animal performance and meat quality
(Beauchemin et al., 2020; Hayajneh, 2019; Ornaghi et al., 2020; Pateiro et al., 2018; Rivaroli et al.,
2016, 2020).

The main causes of meat deterioration are microbiological and non-microbiological factors.
Fletcher et al. (2018) reported a decrease in meat quality due to microbial spoilage (i.e., breakdown the
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meat components due to bacterial and fungal growth). The latter is caused by oxidation of lipids and
proteins of meat products during storage, thus affecting sensory properties such as colour, odour,
flavour, texture, and ultimately consumer preference.

Beef is enriched with saturated (~45%, based on total fatty acids), unsaturated fatty acids (~40 %,
based on total fatty acids) and has a minor proportion of polyunsaturated fatty acids (~5%, based on
total fatty acids) (Ducatti et al., 2009; Rotta et al., 2009). Fatty acids, especially unsaturated, are prone
to oxidation and rancidness, directly affecting meat odour (Xiao et al., 2011). Meat colour is another key
factor that will be affected by this reaction influencing consumer preferences. The cherry red colour of
meat is correlated to freshness and is highly desired by consumers (Monteschio et al., 2017; Passetti
et al., 2017; Torrecilhas et al., 2018). Meat oxymyoglobin exposed to air will rapidly be oxidized to
metmyoglobin, resulting in a brown-like colour, which is rejected by consumers (Suman & Joseph, 2013).

The susceptibility of meat components to oxidation can be influenced by several ante-mortem
factors such as: animal species, breed, diet, stress, livestock management, muscle fibre type, and
anatomical location (Min et al., 2008). Cellular systems are responsible for oxidative stress and the
production of free radicals, which will induce muscle/meat oxidation. Thus, accumulation of free radicals
can cause functional and structural damage to muscle organelles, cells, and tissues, even post-mortem
(Sies et al., 2017).

Natural additives can be a simple and manageable option to modulate the antioxidative status of
the meat by exploiting plant extracts with free radical scavenging activity (Al-Zubairi et al., 2017;
Kleinberg et al., 2019). Eugenol and thymol are some of the bioactive compounds from clove and thyme
essential oils, respectively, and have some of the highest antioxidant activities known among natural
compounds due to their molecular form (phenols), which can reduce free radical formation and
scavenge of ROS (reactive oxygen species). However, improving meat quality and increasing storage
time (shelf-life) of red meat using these bioactive compounds in the diet is challenging due to the nature
of the rumen, a fermentation chamber that hosts bacteria, fungi, protozoa, and bacteriophages, which
degrade and modify dietary components (Richardson et al., 2019). Thus, including these promising
compounds in a rumen-protected manner could be effective in increasing the absorption of bioactive
compounds.

Exploration of farm-level practices to tackle meat industry challenges, such as oxidative instability
of lipids in meat, is needed. The hypothesis of the current study was that NA with bioactive compounds
of high antioxidant activity included in the finishing diet of beef cattle able to withstand rumen conditions
would reduce beef lipid oxidation, improve colour stability, and increase shelf life.

Materials and Methods

All animal care and experimental procedures were conducted under the surveillance of the Animal
Care and Use Committee of the Universidade Estadual de Maringa, Brazil (protocol no. 8583060318).
A total of 40 young bulls (*2 Angus x ¥z Nellore) of 16 + 2.2 months of age and with a body weight of
385.82 + 20.67 kg were used.

The basal diet was offered ad libitum for 62 days and consisted of 72% concentrate (cracked corn,
soybean meal, mineral mixture, limestone, and yeast) and 28% corn silage. The animals were
randomized to five diets (n = 8 animals per treatment): basal diet without NA (CON); basal diet with
1500 mg/day of a blend of NA (153.1 mg/animal/kg of dry matter basis; NA15); basal diet with 3000
mg/day of a blend of NA (305.2 mg/animal/kg of dry matter basis; NA30); basal diet with 4500 mg/day
of a blend of NA (444.7 mg/animal/kg of dry matter basis; NA45); basal diet with 6000 mg/day of a blend
of NA (594.6 mg/animal/kg of dry matter basis; NA60). The blend of NA was composed of essential oil
from the leaves of clove (Syzygium aromaticum; Ferquima®, S&o Paulo, Brazil), functional oils from
castor (Ricinus communis; Safeeds®, Cascavel, Parana, Brazil) and cashew (Anacardium occidentale;
Safeeds®, Cascavel, Parana, Brazil), and a commercial blend composed by a mix of rumen-protected
vanillin, eugenol, and thymol (Safeeds®, Cascavel, Parana, Brazil). Sources and doses were defined
based on the previous findings from our research group investigating the synergistic effects between
compounds (Monteschio et al., 2017; Ornaghi et al., 2017; Valero et al., 2016).

At day 62 in the feedlot, the bulls were weighed after 16 h of fasting (482 + 31.9 kg) and transported
to a commercial slaughterhouse. The young bulls were slaughtered following the usual practices of the
Brazilian beef industry, according to the Brazilian Regulation of Industrial and Sanitary Inspection
Animal Products (RISPOA). The Longissimus muscle was excised from the left half of the carcass from
the seventh to the last lumbar vertebra 24 h after slaughter and stored until further analysis. Steaks of
2.5 cm thickness were prepared for colour, antioxidant activity, and lipid oxidation evaluations. Steaks
of 2.0 cm thickness were used for visual analysis. Vacuum storage was used to evaluate oxidation
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stability and antioxidant activity (at days 1, 3, 7, and 14). Film packaging was used to evaluate shelf life
by displaying the steaks from 1 to 14 days, analysing oxidative stability, antioxidant activity, colour, and
visual perception by consumers.

The FRAP method was performed according to the method of Zhu et al. (2002). Samples were
mixed with methanol and an aliquot (250 pL) was mixed with 50 mM sodium phosphate buffer (pH 7;
1.25 mL) and 1% potassium ferricyanide (1.25 mL), and incubated at 50 °C for 20 min. Then, 1.25 mL
of trichloroacetic acid (TCA; 10%) was added and the mixture was centrifuged at 3,000 rpm for 10 min.
The upper layer (2.5 mL) was mixed with 500 pL 0.1% ferric chloride and the absorbance was measured
at 700 nm. Results were expressed as mg of gallic acid equivalent (GAE) g oil, mg of GAE g! coating,
and mg of GAE per 100 g of meat. The standard curve of gallic acid was 0-300 mg per I1.

The ABTS assay was conducted according to the method of Re et al. (1999), with modifications
(Vital et al., 2016). ABTS'+ was generated by the interaction of 7 mM ABTS (5 mL) with 140 mM
potassium persulfate (88 uL). The mixture was incubated in the dark at 25 °C for 16 h. The ABTS-
activated radical was diluted with ethanol to an absorbance of 0.70 £ 0.02. The radical scavenging
activity (%) was measured at 734 nm. Samples (40 pL) were mixed with ABTS"+ solution (1960 pL) and
absorbance was recorded after 6 min. The radical scavenging activity (%) was calculated as:

ABTS activity (%) = (1-(Abs t/Abs t=0))*100 Q)
where: A sample t = 0: absorbance of the sample at time zero; A sample t: absorbance of the sample
after 6 min.

DPPH activity was determined according to the method of Li et al. (2009), with modifications (Vital
et al., 2016). Samples (150 uL) were mixed with a methanolic solution (2850 pL) containing DPPH (60
pM) for 30 min. The absorbance was read at 515 nm. Antioxidant activity was calculated as:

DPPH activity (%) = (1-(Abs t/Abs t=0))*100 (2)
where: A sample t = 0: absorbance of the sample at time zero; A sample t: absorbance of the
sample after 30 min.

Lipid oxidation assays were performed after 1, 3, 7, and 14 days of display (vacuum or film package
storage). The malonaldehyde (MDA) content in meat was quantified using the thiobarbituric acid
reactive substances (TBARS) assay, according to the method of Souza et al. (2011). The absorbance
was measured at 540 nm against the MDA standard. Results were expressed as mg MDA/kg of meat.

The colour was evaluated using the CIELab system with a Minolta CR- 400 Chromameter (Japan)
with a 10° view angle, D65 illuminant, and 8 mm of aperture with a closed cone. Six measurements at
randomly selected points were recorded per sample: lightness (L*), redness (a*), and yellowness (b*).
Vacuum-packed samples were allowed to bloom for 30 min before colour evaluation.

Steaks were photographed every 2 d until 14 d on display using a NIKON D3100 digital camera
mounted on a photographic stand and containing two D65 fluorescent light tubes as a standard
illuminant. An additional grey-colour cardboard was used to cover the entrance of the cabinet to provide
evenly-distributed lighting across the sample and to avoid exposure to external light. The camera was
fixed perpendicularly, 45 cm away from the surface of the meat sample. following standardized
conditions for photography (Passetti et al., 2017, 2019). The following camera parameters were used:
manual mode; 1/20 shutter speed; F5.3 aperture size; 1600 1SO; and 40 mm focal distance. Images
were exported as JPEG files. A Gretag Macbeth Mini-Colour-Checker (Colour-confidence, Birmingham,
UK), which contains 24 coloured patches was photographed with each meat sample to check the colour
reproduction capability. Consumer-based visual acceptability was conducted with semi-trained
evaluators (n = 61 evaluators) to evaluate the colour acceptability of the meat. Photos were presented
in random order (Passetti et al., 2017). Consumers evaluated the meat using a nine-point, structured
hedonic scale (1 = dislike extremely to 9 = like extremely) to assess the visual acceptability of the meat.
The shelf-life was limited by the number of days at which the samples were assigned with scores 24.5.
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Data were tested for normality (Shapiro—Wilk test) and were analysed using analysis of variance
in R statistical software (R Development Core Team, 2014). The dietary effect was evaluated using
orthogonal contrasts, which were used to assess the effects of the control diet versus diets with NA,
with linear and quadratic responses (P <0.05). The effect of display on meat quality variables (colour,
antioxidant activity, and lipid oxidation) and the instrumental meat colour were evaluated. Differences
between display time means were assessed using Tukey’s Test (P <0.05). Once the fitted regression
equations were determined, the response surface plots were drawn using R statistical software (R-
Core-Team, 2016).

Data of visual acceptability were imported into an Excel matrix after checking for missing data and
outliers. Visual acceptability scores were analysed in the IBM Statistical Package for the Social
Sciences (SPSS version 24), using a General Linear Model (GLM) with days of display and
experimental diet considered as fixed effects. To analyse the evolution of scores among the display
period, a simple regression for the effect of days was performed.

In all statistical analyses, the experimental diet was considered as fixed effects and the animal was
considered a random effect. Dietary means were computed using the LSMEANS option.

Yij = B0 + B1Xi + B2Xi2 + €ij ?3)
where:
Yij observation of the repetition j on diet i;
B0 general coefficient;
B1 linear regression coefficient of the variable observed depending on the levels;
B2 quadratic regression coefficient of the variable observed depending on the levels;
Xi independent variables (experimental diet);
Eij residual error

Results

Increasing antioxidant activity was observed in the meat with increasing levels of NA (P <0.05;
Figure 1; Table 1; Supplementary Tables S5-S10). The antioxidant power delayed the oxidation when
meat was vacuum packaged (Figure 2; Table 11S) and consequently increased the shelf life through
the maintenance of meat colour (Table 2).

Table 1 Regression coefficients of the proposed model for the variables of response surface:
Antioxidant analysis (FRAP, ABTS, and DPPH) and TBARS

Factors FRAP! FRAP? ABTS® ABTS* DPPH® DPPH® TBARS’ TBARS?®
Constant 80.2965 77.8940 19.7859 27.0112 13.8184 14.8393 0.4949 0.4782
Diet -18.0010 -4.2361 -0.2762 -1.2984 -0.2509 0.1569 -0.0170 -0.0625
Display (Day) 42261 -1.7967 -0.5310 -1.3427 -0.0924 -0.1519 0.0397 -0.0068
Diet x Display 0.0098 0.0262 0.0178 -0.0071 0.0139 0.0276 -0.0005 0.0040
R? 0.4440 0.9020 0.3498 0.2116 0.0339 0.8680 0.4244 0.3843
Lack of fit 0.0461 >0.0001 >0.0001 >0.0001 0.0276 0.0002 0.9523 0.1027
P-value Diet 0.1023 <0.001 0.0017 0.0005 0.0976 <0.001 0.0101 0.0478
P-value Display <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

P-value Diet x Display 0.004 0.334 0.0059 0.0467 0.4880 0.1231 0.983 0.877

FRAP?! = vacuum package; FRAP? = film package; ABTS® = vacuum package; ABTS* = film package;
DPPHS® = vacuum package; DPPH® = film package; TBARS” = vacuum package; TBARS?® = film
package.
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Table 2 Colour variables during display of beef from young bulls finished in feedlot with natural additives
Display (Dp); Diets (Dt) P-value

days CON! NA152 NA30® NA45% NA60° SEMS® L’ Q® 0% vs blend
Lightness (L*)

38.93a 38.39 38.66 40.64 39.77 0.254 0.099 0.262 0.254
41.29b 40.11 41.36 4236 4221 0.313 0.061 0.136 0.769

14 40.19b 40.10 40.25 4135 41.60 0.395 0.138 0.297 0.520
SEM 0.361 0.360 0.521 0.360 0.500 P (Dt x Dp)®
P-value 0.017 0.720 0.088 0.140 0.111 0.931
Redness (a*)

1 13.30a 13.58a 13.68a 13.74a 13.48a 0.142 0.626 0.588 0.406
7 15.39b 15.57b 15.68b 15.72b 15.70b 0.189 0.552 0.803 0.562
14 14.46b 14.59b 14.36ab 14.56ab 14.49ab 0.197 0.971  0.999 0.933
SEM 0.289 0.302 0.247 0.268 0.300 P (Dt x Dp)®
P-value 0.006 0.015 0.001 0.004 0.004 1.000
Yellowness (b*)

1 12.45a 12.8la 12.62a 13.51a 12.99a 0.156 0.032 0.080 0.583
7 14.79b 14.45b 15.16b 15.41b 1547b 0.164 0.037 0.114 0.400
14 14.14b 13.92b 14.06b 14.56b 14.42b 0.168 0.299 0.549 0.806
SEM 0.261 0.209 0.320 0.220 0.290 P (Dt x Dp)®
P-value 0.001 0.002 0.001 0.001 0.001 0.885

1CON = control (without natural additives); 2NA15 = addition of 1,500 mg/animal/day of natural additives;
3NA30 = addition of 3,000 mg/animal/ day of natural additives; “NA45 = addition of 4,500 mg/animal/day
of natural additives; SNA60 = addition of 6,000 mg/animal/day of natural additives; 6Standard error of
means; “Linear effect; 8Quadratic effect. °P (Dt x Dp): P value interaction Diet x Display. &b Values
within a column with different superscripts differ significantly at P <0.05
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Figure 1 Response surface of the antioxidant activity on meat of young bulls finished in the feedlot with
natural additives: (a) ABTS radical scavenging (%) on meat storage in vacuum packages, (b) ABTS
radical scavenging (%) on meat storage in film packages, (c) DPPH radical scavenging (%) on meat
storage in vacuum packages (d) DPPH radical scavenging (%) on meat storage in film packages, (e)
Ferric reducing power (FRAP mg/EAG kg meat) on meat storage in vacuum packages, (f) Ferric
reducing power (FRAP mg/EAG kg meat) on meat storage in film packages. *Diets (experimental diets:
0 = without blend; 1-6 = levels of addition of the natural additives blend: 1,500; 3,000; 4,500; 6,000
mg/animal/day, respectively)
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Figure 2 Lipid oxidation on meat of young bulls finished in the feedlot with natural additives: (a) in
vacuum packages and (b) film packages; (TBARS) expressed as mg malonaldehyde/kg of meat during
storage time. *Diets (experimental diets: 0 = without blend; 1-6 = levels of addition of the natural additive
blend: 1,500; 3,000; 4,500; 6,000 mg/animal/day, respectively)

The lipid oxidation of beef, expressed as the MDA production, was affected by the inclusion of NA
(P <0.05; Figure 2; Tables S11, S12). Furthermore, an increased concentration of MDA with display
time (1, 3, 7, and 14 days) was expected. There was no interaction between diet and display. The L*
was similar from 1 to 14 d of storage (P >0.05). However, at day 7 of storage, a tendency (P = 0.06) of
an increase in the L* value was observed. The addition of NA had no effect on a* values (P >0.05). The
diets influenced (P <0.05; Table 2) the yellowness (b*), where the values increased until day 7, with
values ranging from 12.42 to 15.47.

There was an interaction between treatments and display on visual acceptability (P <0.001; Table
3). Visual consumer acceptability scores ranged from 6.23 to 6.78 on the first day. On the third day of
evaluation, an increase on the acceptability of meat with NA was observed (P <0.05). There was a
linear effect of the addition of NA in the diet of cattle when meat was evaluated at day 14 (P <0.05).

Table 3. Visual acceptability on display® of meat of young bulls finished in the feedlot with natural
additives as assessed by consumers (n = 61)

Display (Dp); Diets (Dt) P-value
days CON! NA152 NA30°® NA45* NA60° SEMS L’ Q% 0% vs blend

6.58b 6.23bc 6.38bc 6.78b 6.36b 0.031 0.001 0.1543 0.143
7.00a 7.40a 7.19a 7.27a 7.15a 0.047 0.381 0.240 0.017
5.87c 5.68d 5.86de 6.30c 6.30c 0.032 0.001 0.128 0.382

11 559d 5.31e 558e 567e 595c 0.040 0.005 0.395 0.534
13 5.34e 529e 524f 593d 6.10c 0.036 0.001 0.001 0.106
14 4.61f 471f 4589 4.82f 4.96d 0.050 0.522 0.182 0.481
SEM 0.026 0.035 0.086 0.025 0.025 °P (Dt x Dp)
P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

LCON = control (without natural additives); 2NA15 = addition of 1,500 mg/animal/day of natural additives;
3NA30 = addition of 3,000 mg/animal/ day of natural additives; “NA45 = addition of 4,500 mg/animal/day
of natural additives; SNA60 = addition of 6,000 mg/animal/day of natural additives; éStandard error of
means; “Linear effect; 8Quadratic effect. °P (Dt x Dp): P value interaction Diet x Display. & Values
within a column with different superscripts differ significantly at P <0.05. $Based on an hedonic 9-point
scale (1 = dislike extremely; 9 = like extremely)
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Discussion

Increased antioxidant capacity was observed in the three methods used to evaluate the antioxidant
power, i.e., ABTS, DPPH, and FRAP. This indicates that the addition of NA was likely to be responsible
for the enrichment of beef. There was also an effect of the diet and the storage time (Figure 1), which
revealed an influence of the NA levels and display days.

There is evidence that NA included in the diet can pass through the rumen and may be deposited
in tissues (e.g., meat), resulting in a higher antioxidant power, mostly when the compounds are rumen-
protected. According to Falowo et al. (2014), some bioactive compounds, such as phenolics (which
were part of the NA blend), can attract electrons and delay the oxidation of matrices, and likely protect
meat oxidation (Figure 2). Furthermore, such compounds can also activate antioxidant enzymes (e.qg.,
catalase or superoxide dismutase) in the circulatory system (Frankic et al., 2009), which also promotes
the antioxidant capacity of meat.

Film packages have higher permeability to oxygen molecules. Thus, meat packed with such
material is expected to have higher oxidative responses compared to vacuum-sealed packages. After
14 d of display, the treatments with 3000 or 4500 mg/day inclusion of NA had lower values of MDA
compared to CON, NA15, and NAG60 (Figure 2; Table S12). Oxidative stress can be delayed by the use
of natural antioxidants that improve the balance between production of ROS and the body’s defence
mechanisms, which prevents future oxidation of tissue after conversion of the muscle to meat (Frankic
et al., 2009; Passetti et al., 2019; Rock et al., 1996). Peroxyl radicals can react with unsaturated fatty
acids in meat, resulting in a rancid odour and off flavours from the volatile compounds formed in this
reaction, thus interfering with meat quality and consumer acceptability. According to Min & Ahn (2005),
aldehydes influence the formation of ROS, trigger the deterioration of meat colour and flavour, protein
stability, and functionality. The balance between ROS and antioxidant oxidation can be affected by
different factors, such as pH, diet, fatty acids, iron content of meat (Gatellier et al., 2007).

In contrast to our results, Rivaroli et al. (2016) observed an increase in lipid oxidation of meat in
beef cattle following the inclusion of 7000 mg/animal/day of a blend of essential oils. It seems that
increased quantities of NA can act as a pro-oxidant (Bakkali et al., 2008). Corroborating our data,
Monteschio et al. (2017) found a positive effect in a delay in lipid oxidation with the addition of an
essential oil blend (rosemary essential oil) and rumen-protected actives (eugenol, thymol, and vanillin
blend) in different doses (1330, 2000, or 4000 mg/animal/day) in the diet of the beef heifers. Thus, the
dose and the compounds added to the diets of ruminants need to be considered.

The change in colour variables during display is reported in Table 2. This parameter is correlated
with the freshness of the meat and, consequently, with higher acceptability of the consumer. The colour
is the first attribute that consumers consider in the moment of the purchase (Resconi et al., 2012). The
NA addition did not influence in a* values. A superior stability during storage was observed following
NA inclusion when analysed each day for the treatments, NA30, NA45, and NA60, compared to control
diet or the lowest level of the blend (NA15). This may be associated with the protection caused by the
antioxidant incorporation in cell membranes, which delay the myoglobin oxidation. These compounds
scavenge the free radicals formed during lipid oxidation, delaying the conversion of the cherry red
pigment (oxymyoglobin [oxyMb (Fe?*)]) to the brown pigment (metmyoglobin [MetMb (Fe®*)]. High levels
of ROS in meat can reduce sensory quality, cause a loss of protein functionality, the degradation of
polyunsaturated fatty acids of meat, and cause the conversion of oxymyoglobin to metmyoglobin,
resulting in the generation of free radicals, which could result in the deterioration of meat protein (Suman
& Joseph, 2013).

The consumer acceptability decreased following longer display times, possibly due to oxidation
and discoloration of the meat surface. A gradual decline in visual appraisal was expected, due to the
natural oxidative process that causes meat deterioration, producing a less attractive appearance of the
meat for consumers (Eiras et al., 2017; Ornaghi et al., 2020; Passetti et al., 2019).

The increase in visual acceptability on the third day of evaluation was found. This is likely due to a
change from purple-reddish to a cherry red colour of meat. According to Hayes et al. (2009), consumers
have a preference for cherry-red (oxymyoglobin state), then purple-reddish (deoxymyoglobin state),
meat, with the brown colour (metmyoglobin state) being less desirable. The mechanism of myoglobin
state changes during display is due to several factors (such as oxidation and spoilage). Thus, the
complexity of these compounds and the mixture of NA used in the current study likely had a positive,
synergistic effect, reducing meat oxidation and discoloration (Ornaghi et al., 2020).

From the 7t to the 13™ day of display, visual acceptability scores remained higher than 5.0. Scores
lower than 5.0 reflect rejection by the consumers, which only occurred after the 14th day of display.
Past studies observed that red meat could be displayed for up to 6 or 7 d (Eiras et al., 2017; Ornaghi
et al., 2020; Passetti et al., 2019). The score at 14 d observed in our study was unexpected. A linear
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effect of increasing scores was observed within the treatments on days 7, 11, and 13. The higher scores
could be explained by the antioxidant activity present with NA, which reduced the change from the red
cherry colour (oxymyoglobin) to the brown colour (metmyoglobin).

The highest dosages, NA45 and NA60, had higher acceptability scores compared to CON, which
is likely due to a lower oxidative status of these treatments, as previously commented. A superior
stability during storage was observed with the NA30, NA45, and NA60 treatments compared to the
control diet or the lower addition of the blend (NA15). The antioxidant power delayed oxidation and
consequently, increased the shelf life through the maintenance of the meat colour (Tables 3 and 4).

To determine the display shelf-life of the meat, a regression analyses was performed (Table 4).
The CON group presented meat with lower shelf-life of 8.53 d. The inclusion of NA improved the visual
shelf-life and the NAG60O treatment had the highest shelf-life of 9.58 d. This reflects the beneficial effect
of the natural compounds in the blend on the oxidation of myoglobin.

Table 4 Regression analysis of visual acceptability of meat from bulls finished in feedlots fed with or
without natural additives

Diets Days® Equation R? F P-value
CON!? 8.53 Y =12.937 — 0.477x — 0.053x2 0.161 275.05 <0.001
NA152 9.36 Y =13.618 — 1.014x — 0.010x2 0.128 211.28 <0.001
NA303 8.72 Y =14.884 — 1.264x + 0.015x2 0.174 303.85 <0.001
NA454 8.64 Y =11.816 + 0.042x — 0.096x2 0.157 268.87 <0.001
NAG605 9.58 Y =11.916 — 0.357x — 0.038x2 0.081 126.92 <0.001

1CON = control (without natural additives); 2NA15 = addition of 1,500 mg/animal/day of natural additives;
3NA30 = addition of 3,000 mg/animal/ day of natural additives; “NA45 = addition of 4,500 mg/animal/day
of natural additives; SNA60 = addition of 6,000 mg/animal/day of natural additives; ®Days: Number of
days which consumers evaluated meat with scores equal or higher than 5.0

The regression analyses in the study presented low R2 values; this can be explained by the scores
that remained higher than 5.0 after 13 d of evaluation. According to Passetti et al. (2019), the number
of days of display to be evaluated in visual analyses could be reduced, but it will depend on the inflection
point (the day when scores are below 5.0). However, our results show high acceptability results until
the last day of evaluation, which suggests that meat in this study would still be accepted even after 14
d of display. Shelf life, as defined by regression equations that compiled the number of days which
consumers evaluated meat with scores 5.0, was higher with blend addition than in the CON (Table 4).
The addition of the lowest and highest dosage of blend of NA added an extra day of shelf-life of the
product.

Conclusions

Natural additives with bioactive compounds that are blended to achieve synergistic effects and are
also prone to absorption in the rumen and post-rumen portion can be added to the diet of young bulls
to improve meat quality. In this study, especially at the highest dose (6000 mg/animal/day), NA reduced
lipid oxidation and colour losses when compared to the control diet, due to the improvement in the
antioxidant potential in the meat, leading to a higher visual acceptability by consumers. Thus, blending
these compounds can be a tool in animal feed to increase meat quality during display. However, the
type of essential oil, its constituent compounds, and their concentration must be considered to optimise
pro-oxidant responses.
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