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Twenty-seven animals (½ Angus - ½ Nellore) were fed for four months with one of the following diets: without
addition of essential oils (E0.0), with 3.5 (E3.5) or 7 (E7.0) g/animal/day of an essential oil blend (oregano, garlic,
lemon, rosemary, thyme, eucalyptus and sweet orange). Chemical composition, fatty acid profile and meat color
were evaluated in Longissimus muscle. In addition, the effects of aging (one, seven and 14 days) on the meat
water holding capacity, texture and lipid oxidation were evaluated. Essential oils had no effect on chemical
and fatty acid composition,meat color, water holding capacity or texture, but an inclusion of 3.5 g/day decreased
lipid oxidation. The addition of 7.0 g/animal/day had a pro-oxidant effect on meat during aging and resulted in
higher values for lipid oxidation at 14 days of aging. Aging significantly affected thawing losses and texture. A
dose of 3.5 g/animal/day could be recommended in feedlot animals, but greater doses could have a pro-oxidant
effect.
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1. Introduction

In Brazil, traditional cattle production systems are extensive and
pasture-based (Ferraz & Felício, 2010) and Zebu breeds (Bos indicus)
such as Nellore and European crossbreds (Bos taurus × Bos indicus) are
frequently used (Rotta et al., 2009). In recent years, due to the increased
domestic and export beef demand linked to large annual growth in the
meat market, the use of more intensive production systems has also in-
creased and performance andmeat quality have also improved through
this intensification (Prado et al., 2008). Thus, production systems are
changing in Brazil and feedswithmore energy including a high percent-
age of concentrate are being utilized, contributing to a shift towards
feedlot production systems (Miguel et al., 2014; Rotta et al., 2009).

Over the last decade, the addition of antibiotics in livestock produc-
tion systems has been common, especially when animals are reared in-
tensively, in order to prevent diseases, metabolic disorders, and to
improve feed efficiency (Benchaar, Duynisveld, & Charmley, 2006;
Goodrich et al., 1984). However, due to the emergence of antibiotic re-
sistance and possible risks to human health due to residues in the final
products (Russell & Houlihan, 2003), their use has been forbidden in
some regions such as the EU, where research has begun to focus on
li).
investigating natural alternatives, which are well accepted by con-
sumers (Verbeke et al., 2010). In this sense, plant extracts have an inter-
esting role as a safe food additive (Benchaar et al., 2008; Valero et al.,
2014a).

There are several activities of essential oils (Jayasena & Jo, 2013) as
feed additives for livestock because they improve feed efficiency and
animal productivity due to their antimicrobial, anti-inflammatory, anti-
oxidant, and digestive modulatory effects on ruminal metabolism
(Bakkali, Averbeck, Averbeck, & Idaomar, 2008; Benchaar et al., 2008).
Their antimicrobial activity can decrease ruminal biohydrogenation
and consequently increase the deposition of PUFA in meat (Martineau
et al., 2008; Scollan et al., 2001).

However, studies on the effects of essential oils on meat quality are
still scarce. It has been demonstrated that this effect exists using the es-
sential oils of diverse plants. Oregano and thyme are two species that el-
evate antioxidant potential due to the presence of phenolic terpenes
such as thymol and carvacrol (Bakkali et al., 2008). Each plant has spe-
cific active components that dictate the characteristics of its extract.
When using a blend, essential oils could have a synergistic effect,
influencing their mode of action in animal metabolism and affecting
beef quality.

The aim of this study was investigate the effect of different doses of
an essential oil blend on meat quality: chemical composition, color,
water holding capacity, texture, lipid oxidation and fatty acid
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composition of the Longissimus thoracis muscle of intensively reared
young bulls throughout aging (1, 7 and 14 days).

2. Materials and methods

2.1. Locality, animals and diets

This experiment was approved (no. 185/2012-CEUA) by the ethical
committee of São Paulo State University “Julio de Mesquita Filho”
(UNESP). The studywas conducted at the Rosa & Pedro Sector of the Ex-
perimental Station at Iguatemi Farm, Maringá city, Paraná, Brazil.

Twenty-seven 12month-old half-brother crossbred young bulls (F1
–½Angus -½Nellore)with an averageweight of 243.2± 35.3 kg, were
randomly assigned to one of threefinishing diets (n=9per treatment).
The bulls were allocated in individual pens.

The basal dietwas the same for all animals (Table 1), andwas formu-
lated according to the NRC (2000) recommendations for a 1.50 kg aver-
age daily gain. The three experimental diets were as follows: E0.0 diet
without the addition of the essential oil blend or control diet; E3.5 diet
with 3.5 g/animal/day of the essential oil blend; and E7.0 diet with
7 g/animal/day of the essential oil blend. The oil blend (MixOil®) was
produced by Animal Wellness Products (A.W.P.™), Oakland, Nebraska,
USA, and was added directly into the concentrate. Components of the
blend consisted of seven plant extracts: oregano (Origanum vulgare),
garlic (Allium sativum), lemon (Citrus limonium), rosemary (Rosmarinus
officinalis), thyme (Thymus vulgaris), eucalyptus (Eucalyptus saligna),
and sweet orange (Citrus aurantium).

Young bulls were finished on their respective intensive diets (90:10
concentrate:sugarcane bagasse pelletized) for four months until they
reached commercial weights (440.3 ± 42.7 kg), with 1.64 ± 0.04 kg
of average daily gain. Afterwards, they were slaughtered at a commer-
cial abattoir situated 20 km from the feedlot, after a solid fasting period
of 12 h according to the standard cattle finishing routine in Brazil. After
slaughter, carcasses were divided medially through the sternum and
vertebral column, identified, and chilled at a temperature below 4 °C
for 24 h. After 24 h, Longissimus thoracis (LT) was excised from the left
side of the carcass between the sixth and the ninth ribs for subsequent
analyses.

2.2. Nutrient and diet analyses

The dry matter (DM) content of the ingredients (sugarcane bagasse
pellets and concentrate mix) were determined by oven drying at 65 °C
for 72 h (Table 1). The analytical DM content was determined by drying
at 135 °C for 3 h using method 930.15. The organic matter content was
calculated as the difference between the DM and ash contents, with ash
determined through combustion at 550 °C for 5 h using method 936
(AOAC, 2005). The neutral detergent fiber and acid detergent fiber con-
tentswere determined usingmethods described byMertens (2002). Ni-
trogen content in the samples was determined using method 976.05
(AOAC, 2005). The total digestible nutrient content was obtained
Table 1
Composition (g/kg DM) of the diets fed to crossbred young bulls from 243.2 to 440.3 kg of bod

Parameters Ingredients, g/kg on DM

SCBPa Corn grains Soybean meal Lim

Dry matter 947.0 889.3 886.0 99
Organic matter 980.0 991.0 937.0 10
Ash 19.7 9.50 62.5 83
Crude protein 18.3 89.9 490.0 –
Ether extract 36.0 35.0 13.0 –
Neutral detergent fiber 787.4 177.0 137.0 –
Acid detergent fiber 492.0 44.0 59.7 –
Total digestible nutrients 430.0 900.0 840.0 –
Diets 100 819.5 65.1 4.6

a Sugarcane bagasse pellet.
using the methodology described by Kearl (1982). Samples were ana-
lyzed at the Laboratory of Feed Analyses and Animal Nutrition, at the
State University of Maringá.
2.3. Sampling and meat quality

Longissimus thoracis (LT) from sixth rib having been previously sep-
arated, was weighed and divided into two parts to determine its chem-
ical and fatty acid composition. The rest of the LT was excised from the
left side of the carcass between the seventh and the ninth ribs, sliced
into steaks (2.5 cm thick), weighed, vacuum-packed (99% vacuum,
with a Sulpack SVC 620 machine, in Polyamide/Polyethylene pouches
of 120 μm and 1 cm3/m2/24 h 02 permeability, 3 cm3/m2/24 h C02 per-
meability measured at 5° and 75% relative humidity; water vapor trans-
mission rate (WVTR) was 3 g/m2/24 h at 38 °C and 100% RH; the vicat
softening point of sealing was reached at 97 °C and it had a dart drop
strength of 1300 g), and aged for either 24 h, 7 or 14 days before
being frozen and stored (−20 °C) for one month for subsequent
analyses.
2.4. pH measurements

At 24 h post-mortem, the LT pH was measured using a Meter Text
Model (Tradelab, Contagem MG Brazil) pH-meter and a penetration
electrode at the point of the 3rd lumbar vertebra (Young, West, Hart,
& Van Otterdijk, 2004).
2.5. Chemical composition

The chemical composition (percentage of water, ash, crude protein,
total lipids, and total collagen) was determined by the principle of
near infrared transmittance using a Food Scan Lab TM (Foss NIR Sys-
tems, Inc., USA) instrument, which operates in transmittance mode
from 850 to 1050 nm at 2 nm intervals. Samples (60 g) of minced
meat were placed into a glass cup (90 × 90 × 15 mm) and scanned in
duplicate. The spectrum of each sample was the average of five scan lo-
cations and was recorded as log 1/T (T= transmittance). The duplicate
scans of each samplewere examined for consistency and then averaged.
Total lipids were extracted using the Bligh and Dyer (1959) method
with a chloroform/methanol mixture.
2.6. Meat color

Meat color was assessed in fresh meat before the steaks were frozen
using a Minolta CR-400 spectrophotometer with a 10° view angle and a
D65 illuminant at 24 h, and 7 and 14 days of aging under vacuum pack-
age conditions, after blooming for 30 min. Five measurements were
taken per sample.
y weight.

Diets, g/kg on DM

estone, 36% Yeast Mineral salt Urea

3.0 980.0 993.0 980.0 881.3
7.1 – 107.0 5.6 973.4
2.9 – 893.0 994.4 26.60

300.0 – 2600 125,0
– – – 22.0
– – – 303.0
– – – 148.0
– – – 703.0

0 0.50 4.10 6.20



Table 2
Effect of the inclusion of essential oils in the diet on thefinal pH and chemical composition
of Longissimus muscle meat from crossbred young bulls.

Items Essential oils SEMd P-value

E0.0a E3.5b E7.0c

pH 24 5.67 5.42 5.76 0.07 0.13

Chemical composition
Moisture, % 74.02 73.86 74.01 0.20 0.94
Ash, % 1.52 1.65 1.40 0.04 0.12
Crude protein, % 22.61 22.79 22.94 0.14 0.67
Total lipids, % 2.96 3.12 2.80 0.15 0.72
Collagen, mg/g of protein 1.38 1.40 1.47 0.03 0.47

a Without essential oils.
b 3.5 g essential oils/animal/day.
c 7.0 g essential oils/animal/day.
d SEM: standard error of mean.

Table 3
Effect of the inclusion of essential oils in the diet on the meat color of crossbred young
bulls.

Item Essential oils SEMd P-value

E0.0a E3.5b E7.0c

L*
1 days 40.51 41.02 40.39 0.26 0.24
7 days 38.14 40.49 37.79 0.75 0.09
14 days 41.80 42.25 41.31 0.43 0.30
SEM 0.72 0.69 0.65
P-value 0.10 0.13 0.11

a*
1 days 18.26 19.20 17.92 0.44 0.02
7 days 17.64 18.17 17.66 0.30 0.17
14 days 18.78 19.50 18.21 0.37 0.06
SEM 0.22 0.23 0.34
P-value 0.10 0.06 0.82

b*
1 days 7.26 7.52 6.92 0.28 0.32
7 days 5.67 6.30 5.67 0.22 0.38
14 days 7.15 8.16 6.85 0.43 0.09
SEM 0.48 0.52 0.51
P-value 0.14 0.11 0.13

a Without essential oils.
b 3.5 g essential oils/animal/day.
c 7.0 g essential oils/animal/day.
d SEM: standard error of mean.
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2.7. Thawing losses and cooking losses

To estimate thawing losses, steaks were thawed over the course of
24 h under refrigeration conditions (4 °C). Afterwards, they were
weighed, and thawing losses were calculated as the percentage differ-
ence between the fresh and thawed weights.

To assess cooking losses, steaks were weighed and wrapped in alu-
minum foil. Each sample was cooked in a pre-heated grill at 200 °C
until an internal temperature of 75 °C was reached, which was moni-
tored using a INCOTERM internal thermocouple. The sample was then
moved away from the grill and cooled at ambient temperature. Once
the steaks reached 20 °C, each steakwasweighed and the cooking losses
calculated as the percentage difference in weight before and after
cooking.

2.8. Lipid oxidation

At each aging time, a small portion from a raw steak was cut and
used to assess lipid oxidation (TBARS) using the procedure described
by Pfalzgraf, Frigg, and Steinhart (1995). The results were expressed
as mg malonaldehyde/kg meat.

2.9. Texture measurements

For texture analysis, the previously cooked steaks were analyzed
using a Stable Micro Systems TAXT Plus (Texture Technologies Corp.,
Serial Number 41288, Godalming, Surrey, UK) texture analyzer with a
Warner-Bratzler blade, following the principles proposed by Honikel
(1998). The meat was cut into rectangular pieces of 1 cm2 cross-section
(eight pieces per animal), which were cut perpendicularly to the direc-
tion of the muscle fibers.

2.10. Fatty acid composition

Fatty acid methyl esters (FAMEs) were prepared by triacylglycerine
methylation according to the ISO (1978)method. FAMEswere analyzed
in a gas chromatograph (Varian, Palo Alto, CA, USA) equipped with a
flame ionization detector and a CP-7420 fused silica capillary column
(100 m, 0.25 mm and 0.39 mmo·diameter, Varian). The column tem-
perature was programmed at 165 °C for 18 min, 180 °C (30 °C min−1)
for 22 min, and 240 °C (15 °C min−1) for 30 min with 45-psi pressure.
The injector and detector were kept at 220 °C and 245 °C, respectively.
Gasfluxes (WhiteMartins, São Paulo, Brazil)were 1.4mLmin−1 for car-
rier gas (H2); 30mLmin−1 formake-up gas (N2); and 30mLmin−1 and
300 mL min−1 for H2 and synthetic flame gas, respectively. The sample
was injected by using a 1/80 split mode. Fatty acids (FA)were identified
by comparing the relative retention time of the FAME peaks of the sam-
ples with standard FAMEs 189-19 from the Sigma Company, St Louis,
MO, USA by spiking sampleswith the standard. The peak areaswere de-
termined using Star software (Varian, Walnut Creek, CA, USA).

2.11. Statistical analysis

The experimental design was completely randomized with three
treatments and nine replications. All studied characteristics were tested
for normality (Shapiro-Wilk test). Those that showed a normal distribu-
tion were analyzed via analysis of variance by using the procedure proc
MIXED in the SAS (2004) statistical package (Statistical Analysis System,
version 8.1) with the animal identity as a random effect. The experi-
mental diet effect was evaluated (E0.0, E3.5 and E7.0) for all variables
and the effect of aging (24 h, 7 and 14 days) on water holding capacity
(WHC), lipid oxidation (TBARS) and Warner-Braztler Shear Force
(WBSF) variables was evaluated. Differences between group means
were assessed by using the Tukey Test (P b 0.05).
3. Results

The addition of essential oils to the diets of bulls did not affect
(P N 0.05) the ultimate pH(24h), which was below 5.8 (Table 2).

The meat chemical composition (moisture, ash, crude protein, and
total lipids) was unaffected by the addition of essential oils to the
diets (P N 0.05; Table 2). The results from the control diet (E0.0) were
similar to those that were observed with the addition of different levels
of essential oils (E3.5 and E7.0). Also, the total collagen content in the LT
musclewas similar (P N 0.05) in themeat of bulls from the three studied
diets (Table 2).

The addition of essential oils did affect (P b 0.05) redness (a*). The
redness value was greater for meat from animals fed 3.5 g/animal/day
of essential oil blend, compared with meat from animals fed 7.0 g/ani-
mal/day (Table 3).

There was no interaction between diet and aging (P b 0.05) in any of
the studied variables. Thawing and cooking losses did not differ
(P N 0.05) among diets (Table 4). However, in the E7.0 group, meat
thawing losses increased (P b 0.01) with aging.

The addition of essential oils to the diet had effect (P b 0.05) on lipid
oxidation (Table 4) at 1 and 14 days of aging. The diet E7.0 at 24 h of
aging presented intermediate values in oxidation, at the same level of



Table 4
Effect of essential oil blend inclusion and aging onwater holding capacity, texture and lipid
oxidation (mg malonaldehyde/kg of meat) of meat from crossbred young bulls.

Items Essential oils SEMd P-value

E0.0a E3.5b E7.0c

Thawing loss (%)
1 day 7.82 8.79 7.17b 0.55 0.51
7 days 10.53 9.21 10.84a 0.74 0.65
14 days 9.39 9.86 11.20a 0.58 0.43
SEM 0.76 0.56 0.65
P-value 0.36 0.75 0.01

Cooking loss (%)
1 day 28.10 24.72 27.30 0.67 0.09
7 days 22.70 26.28 26.05 1.06 0.32
14 days 25.08 28.27 29.37 0.99 0.18
SEM 1.06 0.91 0.79
P-value 0.11 0.29 0.23

Lipid oxidation, mg MDA/kg muscle
1 day 0.10Ba 0.07Aa 0.08ABa 0.01 0.04
7 days 0.15a 0.14a 0.12a 0.01 0.24
14 days 0.60ABb 0.47Ab 1.0Bb 0.12 b0.0001
SEM 0.05 0.03 0.09
P-value b0.0001 b0.0001 b0.0001

WBSF, N
1 day 53.68 49.95a 52.42a 0.34 0.74
7 days 43.35 35.45b 40.69b 0.33 0.25
14 days 43.58 34.00b 43.25ab 0.31 0.06
SEM 0.38 0.29 0.30
P-value 0.11 b0.0001 0.03

A, B: different superscript letters represent significant differences within rows, between
treatments (P ≤ 0.05).
a, b: different superscript letters represent significant differences during aging (P ≤ 0.05).
There was no interaction between diet and aging (P N 0.05).

a Without essential oils.
b 3.5 g essential oils/animal/day.
c 7.0 g essential oils/animal/day.
d SEM: standard error of mean.

Table 5
Effect of essential oils inclusion in the diet on the composition of fatty acids (% identified
fatty acid methyl esters) in the Longissimusmuscle of crossbred young bulls.

Essential oils SEMd P-value

E0.0a E3.5b E7.0c

SFAe 47.86 47.46 46.13 1.02 0.47
UFAf 52.33 53.11 54.30 1.08 0.41
MUFAg 47.61 47.25 47.47 1.10 0.97
PUFAh 4.72 5.85 6.82 0.90 0.25
n-3 0.25 0.30 0.29 0.02 0.51
n-6 4.00 5.07 5.91 0.80 0.24
PUFA:SFA 0.10 0.12 0.15 0.02 0.18
n-6/n-3 15.70 16.90 19.70 2.18 0.41
12:0 0.03 0.03 0.03 0.00 0.78
14:0 2.23 2.64 2.06 0.11 0.09
14:1 n-9 0.41AB 0.58A 0.38B 0.03 0.02
15:0 0.33 0.30 0.31 0.01 0.68
15:1 n-9 0.66 0.75 0.84 0.05 0.42
16:0 31.14 31.50 30.01 0.51 0.48
16:1 n-7 2.29 2.62 2.14 0.10 0.18
17:0 0.98 0.74 0.92 0.04 0.06
17:1 n-9 0.70 0.65 0.72 0.05 0.86
18:0 13.13 12.24 12.79 0.31 0.53
18:1 n-9 42.73 41.64 42.43 0.59 0.76
18:1 n-7 0.80 0.98 0.94 0.04 0.22
18:2 n-6 3.85 4.89 5.76 0.48 0.27
18:3 n-3 0.10 0.12 0.10 0.00 0.59
18:2 c9-t11 0.04 0.05 0.04 0.00 0.67
20:3n-3 0.11 0.10 0.13 0.01 0.52
20:4 n-6 0.56 0.60 0.72 0.06 0.57
20:5 n-3 0.04 0.06 0.04 0.00 0.35

A, B: different superscript letters represent significant differences within rows, between
treatments (P ≤ 0.05).

a Without essential oils.
b 3.5 g essential oils/animal/day.
c 7.0 g essential oils/animal/day.
d SEM: standard error of mean.
e Saturated fatty acids.
f Unsaturated fatty acids.
g Monounsaturated fatty acids.
h Polyunsaturated fatty acids.
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significance as found with the other two diets (E0.0 and E3.5), and at
14 days of aging, this diet resulted in higher values than E3.5, but at
the same level of significances as the diet E0.0. Meat from animals that
were supplemented with 3.5 g/animal/day of essential oils showed
the smallest values for lipid oxidation after short and long periods of
aging (P b 0.05). At seven days of aging, differences in lipid oxidation
ofmeat from the three diets were not significant. However, the addition
of 3.5 g/day of essential oils in the diet seems to be more favorable than
7 g/day, based on the smaller results for lipid oxidation at 0 and 14 days
of aging (P b 0.05). Lipid oxidation increased with aging due to all treat-
ments; however, at 14 days those variations were higher (P b 0.05).

The addition of essential oils did not modify (P N 0.05) meat texture
characteristics (Table 4). Also, aging time did not affect (P N 0.05) texture
values of meat from diets without addition of essential oils, but only in
beef from diets with the inclusion of an essential oil blend (P b 0.05).

The addition of essential oils to the diet had no effect (P N 0.05) on
the composition of fatty acids, except for myristoleic acid (Table 5).
The percentages of saturated fatty acids (SFA), monounsaturated
(MUFA), polyunsaturated (PUFA), n-3 fatty acids, n-6 fatty acids,
PUFA:SFA, and n-6:n-3 ratios were not influenced by the addition of es-
sential oils.

4. Discussion

4.1. pH

The pH(24h) observed (below5.8)was similar to that found byValero
et al. (2014b) in crossbred bulls finished in a feedlot for 55 days and fed
with essential oils. The lack of effect in this attribute agrees with the
findings of others authors in similar productive conditions (Zawadzki
et al., 2011) and implies good handling practice before slaughtering.
4.2. Chemical composition

Differences in composition with the different treatments were pre-
dictable because the basal diet was the same in treatments, and subse-
quently the animals all had the same energy and protein availability.
Thus, addition of the essential oil blend did not alter the chemical com-
position of the meat as observed by Cruz et al. (2014) and Valero et al.
(2014b), when cashew and castor extracts were included in the diets
of bulls finished in feedlots.

The lack of differences in collagen content of meat from the diets
could be expected because it seems that variations in collagen aremain-
ly related to variations in breeds, productive aptitude, precociousness,
and age as shown by Christensen et al. (2011). The total collagen con-
tent observed in the meat was low (1.40 mg/100 g) in comparison
with other studies, where total collagen ranged between 2.02 and
5.33 mg/g wet tissue (Christensen et al., 2011). In the current study,
the animals were young and, in general, young animals present a low
collagen content (Lepetit, 2008). Also, according to Aberle et al.,
(1981), animals fed diets in intensive systems that provide rapid growth
can have increased rates of protein turnover, including collagen,
resulting in more tender meat since new collagen has higher solubility
(Bailey & Sims, 1977; Burson & Hunt, 1986).

4.3. Meat color

The addition of the essential oil blend influenced (P b 0.05) only
meat redness (a*) at the first day of aging. A lack of effect of the addition
of essential oils on meat color is in agreement with previous findings
(Zawadzki et al., 2011, where the addition of another natural additive
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(propolis) did not yield differences in color in comparisonwith the con-
trol meat.

Redness (a*) was higher in themeat of animals fed 3.5 g/animal/day
of essential oils, and only significant after 1 day of aging (P b 0.05). Glob-
ally, an increased a* can be related to lowmitochondrial respiratory ac-
tivity of meat, resulting in increased oxygen at the cut surface, thereby
producing a bright red color due to oxymyoglobin (Renerre & Labas,
1987).

All of the studied color variables showed normal values according to
other data for Angus × Nellore crossbred cattle finished in feedlots, al-
though our animals had lighter and more red meat compared with the
data reported by Miguel et al. (2013) (L* = 33.7, a* = 17.3, and b* =
4.44). Since dark meat is classed as having an L* value below 29.7, and
light meat has L* N 38.5 (Abularach, Rocha, & Felício, 1998), as is the
case in the current work, the color of the meat of the studied animals
could be attractive to consumers that prefer lighter meat.

4.4. Thawing and cooking losses

Water holding capacity (WHC)was not influenced by the addition of
the essential oil blend to the diet. Our findings could be expected be-
cause of the lack of differences among groups in pH, which is one of
the parameters that most influences WHC, along with the cut fiber ori-
entation and fat quantity (Huff-Lonergan & Lonergan, 2005), which
were also similar between the muscles of the animals fed the three
diets.

Meat from animals fed 7 g/day of essential oil blend in the diet had
thawing loss values that increased with aging. Depending on the active
ingredient of each essential oil and its dosage, essential oils can become
toxic to the cells and the membrane due to pro-oxidant effects (Bakkali
et al., 2008) and thereby increase water losses. Also, water losses in-
crease with aging, especially during the first seven days (Muela,
Sañudo, Campo, Medel, & Beltrán, 2010), which was especially true
with the E7.0 treatment. During aging, water loss is expected as a conse-
quence of changes in muscular fibers caused by rigor mortis andmodifi-
cations of myofibrillar structure (Huff-Lonergan & Lonergan, 2005).
However, the evolution of the changes has not yet been completely de-
fined, as they differ depending on the measurement method and are
sometimes correlated with other parameters such as pH (Insausti et
al., 2001).

4.5. Lipid oxidation (TBARS)

All treatments had lipid oxidation values that increased between 7
and 14 days of aging. The values found for TBARS are considered low
for all times of aging. According to Campo et al., (2006), a TBARS value
of around two could be considered the limiting threshold for the accept-
ability of oxidized beef. Inmeat from animals fed 7 g/day of the essential
oil blend, the lipid oxidation was higher at 14 days of aging than in the
E3.5 treatment and similar to the control (E0.0). These result could be
explained because at high doses, essential oils can permeabilize mito-
chondria and damage them (Bakkali et al., 2008). Thus, by changing
the flow of electrons, they could produce more free radicals such as re-
active oxygen species (ROS) (Van Houten, Woshner, & Santos, 2006).
ROS, in turn will oxidize lipids, proteins and compounds that are the
substrates of the antioxidant activity of essential oils such as phenolic
compounds (Bakkali et al., 2008). Therefore, the antioxidants that inter-
act with ROS become prooxidants causing the oxidation of lipids and
proteins (Galati & O'Brien, 2004; Nemeikaitė-Čėnienė, Imbrasaitė,
Sergedienė, & Čėnas, 2005). At low concentrations of essential oils,
this does not occur and antioxidant activity is maintained (Aydın &
Özcan, 2007).

Our findings are globally in agreement with the study of Fasseas,
Mountzouris, Tarantilis, Polissiou, and Zervas (2008). They evaluated
the antioxidant effects of the inclusion of essential oils from oregano
and sage in raw and cooked beef meat at 3% of theweight of the sample.
These authors reported statistical differences between the control and
the meat treated with essential oils and the samples with added oils
showed lower oxidation for all days of aging. However, those differ-
ences in the raw meat, as in our study, were not maintained during
the entire study period (12 days), and the oxidation displayed irregular
kinetics where differences were no longer obvious at day 4 of aging but
detectable again at 8 days.

Nevertheless, the existence of a significant effect in the first days of
aging can be considered as an interesting result for the Brazilian beef
cattle industry, because the habit of aging meat is not established in
the country and consumers buy and consume beef in the period be-
tween 1 and 3 days after slaughter, when antioxidant effects are
apparent.

In agreement with a previous review, we found that aging is one of
the most important factors in the lipid oxidation process and thus in
meat shelf life.

4.6. Warner-Blaztler Shear Force (WBSF)

The toughness observed in the current study can be considered low
(Shackelford, Wheeler, & Koohmaraie, 1999) (52.01, 40.49, 39.27 N at
24 h, 7, and 14 days of aging, respectively) for all treatments after the
different aging times. However, after 14 days of aging, meat from ani-
mals in the E3.5 treatment group showed a tendency towardsmore ten-
der meat than meat from the other treatment groups (P = 0.06).

A previous report suggested that aging has a significant effect on tex-
ture by decreasing the values of shear forces (Monsón, Sañudo, & Sierra,
2004), but this study was developed with European breeds. As previ-
ously reported, meat from zebu cattle (Nellore, Brahman) tends to be
less tender than that from Continental and British breeds, which can
be attributed to differences in postmortem protein breakdown and
calpastatin-calpain activity (O'Connor, Tatum, Wulf, Green, & Smith,
1997). When the proportion of zebu increases, the calpastatin/calpain
ratio also increases; thus, proteolysis due to calpain activity is reduced
and tenderness values are lower (Boles & Swan, 2002; Koohmaraie &
Geesink, 2006).

The lack of significant differences between 24 h, 7, and 14 days of
meat aging in the control group of this study, from animals fed diets
without the addition of the essential oil blend is similar to the findings
of O'Connor et al. (1997), who reported a slower rate of tenderization
in crossbred cattle with Bos indicus origin, thereby suggesting that
meat from 3/8 Bos indicus needs to be aged for a sufficient period of
time (approximately 21 d) to compensate for the delayed aging re-
sponse associated with their higher calpastatin activities. On the other
hand, Gomes et al. (2012) and Boles and Swan (2002) obtained shear
force results that were similar to ours. Throughout aging, there were
significant differences in shear forces between the E3.5 and E7.0 treat-
ments. The incorporation of antioxidants in the meat by adding essen-
tial oils to the diet of animals may decrease the oxidation cysteine
proteases such as calpain (Harris, Huff-Lonergan, Lonergan, Jones, &
Rankins, 2001). When calpain is oxidized, its activity is affected. There-
fore, decreased oxidative processes improve proteolysis and thus the
softening of meat (Rowe, Maddock, Lonergan, & Huff-Lonergan, 2004).

4.7. Fatty acid percentages

Fatty acid composition, except for C14:1 n-9, was not influenced by
the addition of the essential oil blend to the diet. There are few studies
concerning the effect of the addition of essential oils on the fatty acid
composition of beef. Nanon, Suksombat, and Yang (2014) suggested
that plant extracts, like essential oils, which are composed of terpenes,
can influence ruminal biohydrogenation (BH). Stearic acid (C18:0) is
the final product of biohydrogenation (Tamminga & Doreau, 1991)
and forms a substantial proportion of the fat in beef (12.72%), which
can be modified with the inclusion of additives in the diet. On the
other hand, as we have reported above, a statistical difference was not
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observed between the treatments, probably because the basal diet is the
same for all treatments and the diets did not differ in their SFA profiles.

The recommended ratio of PUFA:SFA is higher than 0.45 (HMSO,
1994), and it has an important role in reducing cardiovascular risks
(Wood et al., 2008). However, the ratio that was found in the present
studywas 0.12, typical ofmeat fromanimals from intensive rearing con-
ditions. The addition of essential oils did not influence the PUFA:SFA and
n-6:n-3 fatty acids ratio. The mean ratio of n-6/n-3 observed was 17.5.
The high ratio of n-6:n-3 was due to the high proportion of linoleic
acid in the diets from the use of common cereals (e.g. maize, soybean).
Enser et al. (1998) observed that meat from pasture-fed animals has a
lower n-6/n-3 ratio than meat from animals that consume grain, be-
cause pasture has higher levels of α-linolenic acid (n-3 fatty acid). The
HMSO (1994) recommends consumption of a 4:1 ratio of n-6/n-3 or
less, since n-3 fatty acids and their derivatives help to avoid heart dis-
ease and cancer (Calder, 2004).

5. Conclusions

The inclusion of 7.0 g/animal/day of a blend of essential oils could
have some pro-oxidant effects, since it increased lipid oxidation and
water losses and decreased redness. The chemical composition and
fatty acid profile were not influenced by the addition of the essential
oil blend.
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