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Natural Oregano Essential Oil May Replace
Antibiotics in Lamb Diets: Effects on Meat Quality
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Abstract: A study was conducted to investigate the effect of oregano essential oil (OEO) and
monensin sodium on the oxidative stability, colour, texture, and the fatty acid profile of lamb meat
(m. Longissimus lumborum). Twenty Dorper x Pelibuey lambs were randomly divided into five
treatments; control (CON), monensin sodium (SM, Rumensin 200® 33 mg/kg), alow level of OEO (LO,
0.2 g/kg dry matter (DM)), a medium level of OEO (MO, 0.3 g/kg DM), and a high level of OEO (HO,
0.4 g/lkg DM). Dietary supplementation of OEO at any concentration lowered the compression strength
in comparison with CON and SM. MO had the highest a* values (7.99) and fatty acid concentration
(C16:1n7, C18:1n9¢, C18:1n6¢, C20:1n9, and C18:2n6c¢) during storage for 7 d at 3 °C. Lipid oxidation
was not promoted (p > 0.05) by the moderated supplementation of oregano essential oil; however,
OEO at 0.3 g/kg DM showed a slight lipid pro-oxidant effect. Dietary supplementation of MO and
SM had the same effect on colour, tenderness, and the fatty acid profile of lamb (L. [umborum). 1t was
demonstrated that oregano essential oil was beneficial for lambs feeding, and it could be a natural
alternative to replace monensin in lamb diets with improvements in the quality of the meat.

Keywords: lamb; carvacrol; monensin; meat tenderness; TBARS

1. Introduction

Feeding systems in animal production are using additives that improve growth. These additives
modify the weight daily gain, composition and yield of carcass, nutritional value, stability, and shelf
life of the meat. Nowadays, the consumers are demanding naturally raised, trusted, and organic
meat and meat products. Hence, there is a need to look for alternatives to the use of synthetic growth
promoters [1,2].

Monensin sodium (SM) is an antimicrobial ionophore produced by Streptomyces cinamonensis and
is used in ruminants to improve feed efficiency [3]. Even though antimicrobial growth promoters in
animals intended for human consumption are strongly limited in some countries [4,5], they are still
used in the U.S.A. and Mexico.

Phytochemicals have properties that benefit not only the animals fed with them but indirectly
might impact the consumers of the meat [6,7]. Oregano essential oil (OEO) has antioxidant and
antimicrobial properties, due to its phenolic components, mainly thymol and carvacrol [8-10]. The active
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components (carvacrol and thymol) of OEO are potent antimicrobials affecting populations such
as E. coli, Staphylococcus aureus, Salmonella typhimurium, protozoa, fungi, Ruminococcus fibrisolvens,
and Fibrobacter succinogenes; this change in populations modifies ruminal fermentation, which is
fundamental in the conversion of dietary nutrients to muscle tissue [11-13]. Specifically in sheep, there
is evidence that carvacrol potentially decreases acetate concentrations, and it increases propionate and
butyrate. Both are volatile fatty acids precursors of muscle and fat components in the animal [14].

Specific nutritional components in the lamb diet might directly affect the quality of the meat.
Ruminant meat research has drawn considerable attention because ruminant meat contains some
bioactive lipids, including n-3 long chain polyunsaturated fatty acids (n-3 LC-PUFA), and the fatty acid
profiles of ruminant meat can be enhanced through dietary supplementation [15,16]. Polyunsaturated
fatty acids (PUFAs) are not only essential nutrients for humans, but also significant in providing
protection from cardiovascular diseases, inflammatory diseases, diabetes, some cancers and behavioral
disorders [17-19]. Therefore, the consumption of adequate n-3 LC-PUFAs is crucial to maintaining a
healthy body and for the prevention of chronic diseases [20]. Humans can obtain n-3 LC-PUFA or their
C18 PUFA precursors from various sources including aquatic, farm livestock products, oilseeds, fruits,
herbs, cyanobacteria, and microorganisms [21].

The formation of large amounts of saturated fatty acids (SFAs) in the rumen is a result of the
biohydrogenation process when bacteria convert unsaturated fatty acids to SFA. So, the fatty acids
(FAs) occurring in the rumen are highly saturated and take part in the absorption as well as deposition
of the fat in muscles. The decrease in SFA and increase of health-beneficial fatty acids (PUFAs) content
have been an important objective in ruminant meat studies. According to the Food and Agriculture
Organization of the United Nations [22], the ratio of PUFA and SFA is a significant indicator for the
nutritional evaluation of fat, with a recommendation of about 0.40. It is essential to increase the
consumption of eicosapentaenoic (EPA) and docosahexaenoic acid (DHA) in human diets, because the
synthesis of these FAs from dietary x-linolenic acid (ALA, C18:3 n-3) is very restricted [23].

Dietary supplementation of OEO in pigs, chickens, and cattle rendered meat with lower microbial
concentration and higher antioxidant capacity [24-30]. Essential oils have shown to decrease methane
production [31] and biohydrogenation [32]. The FAs profile in meat may be affected by the form of the
provided lipid. However, the exact influence of oregano essential oil on the FA profile of lamb meat
is limited.

Limited information exists on the benefits of phytochemicals in the productive performance and
carcass and meat quality of ovine and other small ruminants. Moreover, information is available in
terms of OEO and oxidative stability, but little is known about the effects on the fatty acid profile of
lamb meat. Here, the aim of this study was to investigate the effect of the dietary supplementation of
three levels of oregano essential oil and sodium monensin on the oxidative stability, colour, texture,
and the fatty acid profile of lamb meat (m. Longissimus lumborum).

2. Results

2.1. Lipid Oxidation

Oregano essential oil (OEO) and monensin (SM) did not have advantages (p = 0.28) on the lipid
oxidative stability of lamb (Figure 1). However, meat from male lambs fed with a high level of OEO
(HO) had a 46% higher (p < 0.05) malonaldehyde (MDA) formation (1.15 + 1.25 mg MDA/kg) when
compared to SM (0.79 + 1.25 mg MDA/kg).
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Figure 1. Means (+ S.E.) of thiobarbituric acid reactive substances (TBARS) values (mg malonaldehyde
(MDA)/kg of muscle) in m. Longissimus lumborum of male lambs unsupplemented (CON) or supplemented
with monensin (SM), or three different levels of oregano essential oils: low (LO = 0.2 g/kg of dry matter
(DM)); medium (MO = 0.3 g/kg of DM) or high (HO = 0.4 g/kg of DM). TBARS analysis was performed
after 7 d of simulated retail display in modified atmosphere packaging (0,.CO;, 75:25%). P Different
superscripts mean significant difference (p < 0.05) among treatments within the variables.

2.2. Compression Strength

OEO dietary supplementation reduced the compression force (Figure 2) of lamb (p = 0.03).
The meat with the medium level of OEO (MO) and the control (CON) meat had the lowest and highest
compression strength values, 12.51 + 1.13 and 17.98 + 1.32 N/cm?, respectively. At day 7, the meat
with a high level of OEO (HO) presented the lowest compression strength and the highest oxidation
rate. Therefore, a greater PUFA deposition (p < 0.05) could be assumed.
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Figure 2. Means (+ S.E.) of compression strength (N/em®) in m. Longissimus lumborum of male lambs
unsupplemented (CON) or supplemented with monensin (SM), or three different levels of oregano
essential oils (LO = 0.2 g/kg of DM; MO = 0.3 g/kg of DM or HO = 0.4 g/kg of DM). Compression strength
analyses were performed after 7 d of simulated retail display in modified atmosphere packaging
(0,.COy,, 75:25%). P Different superscripts mean significant difference (p < 0.05) among treatments

within variable.
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2.3. Colour

The interaction between treatment and day of shelf life was not significant (p > 0.05). Treatment
and storage time affected the colour of L. lumborum (p < 0.001). Seven d of storage in 75% O, packs
negatively affected (p < 0.05) a *, b * and c *, decreasing the values of the three colour coordinates
(Figure 3).
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Figure 3. Colour coordinates (L* = lightness, a* = redness, b* = yellowness, and C* = Chroma. + S.E.) in
m. Longissimus lumborum of male lambs unsupplemented (CON) or supplemented with three different
levels of oregano essential oils (LO = 0.2 g/kg of DM; MO = 0.3 g/kg of DM; or HO = 0.4 g/kg of
DM) or monensin (SM), during 7 d of simulated retail display in modified atmosphere packaging
(02:CO2, 75:25%).

The value of a* differed among treatments (p < 0.001). SM, MO, and the meat with a low level of
OEO (LO) had the highest values during storages (Figure 3, p < 0.001). SM, MO, and LO had also the
higher b* values throughout storage compared to CON and HO (Figure 3). Treatment also affected C*.
In this case, SM, MO, and LO were the highest (p < 0.001); meanwhile, CON and HO were similar
(r =0.03).

These statements can be confirmed with the means of the colour coordinates by treatment
(Figure 4). It can be established that the dietary addition of 0.2-0.3 g/kg dry matter (DM) OEO and SM
(commercial dosage) reduces colour loss after 7 d under MAP.
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Figure 4. Means (+ S.E.) of colour coordinates (L*, lightness; a*, redness; b*, yellowness; C*, saturation)
in m. Longissimus lumborum of male lambs unsupplemented (CON) or supplemented with three
different levels of oregano essential oils (LO = 0.2 g/kg of DM; MO = 0.3 g/kg of DM; or HO = 0.4 g/kg
of DM) or monensin (SM), with 7 d of simulated retail display in modified atmosphere packaging
(02:CO,, 75:25%). P Different superscripts mean significant difference (p < 0.05) among treatments.

2.4. Fatty Acid Profile

In general, the inclusion of OEO or SM affected the fatty acid profile (p > 0.05). Eighteen FAs were
analyzed, and their percentage was calculated relative to all FAs (Table 1). Differences were observed
(p < 0.05) among treatments in a single FA. The treatment modified the percentage of C16:1n7, C20:1n9,
and C22:6n3. Furthermore, it also modified the content (mg/kg of muscle) of C14:0, C16:0, C18:0,
C16:1n7, C18:1n9¢, C18:1n6¢, C20:1n9, and C18:2n6¢ (Table 2).

Table 1. Percentage of fatty acids in the total fat of Longissimus lumborum of male lambs unsupplemented
(CON), supplemented with three different levels (HO = 0.4 g/kg DM; MO = 0.3 g/kg DM; LO = 0.2 g/kg
DM) of oregano essential oils or supplemented with monensin (SM) at commercial doses.

Treatments
Fatty Acid
CON SM HO MO LO p-Value
C14:0 1.95 1.68 1.99 2.00 1.78 0.60
Cl14:1 0.11 0.10 0.09 0.10 0.10 0.99
C16:0 25.00 23.69 23.26 25.64 25.07 0.49
C16:1n7 1.002b 1.35° 0.87° 0.91ab 1.06°P 0.04
C18:0 14.69 15.07 15.04 15.87 14.90 0.94
C18:1n9t 231 2.22 1.63 2.84 2.20 0.19
C18:1n9¢ 4417 46.28 45.83 44.89 46.24 0.52
C18:2n6t 0.25 0.24 0.24 0.22 0.21 0.97
C18:2n6¢ 3.10 3.32 3.28 2.69 2.85 0.60
C18:3n° 0.09 0.06 0.07 0.05 0.03 0.78
C18:3n° 0.06 0.04 0.04 0.04 0.04 0.17
C20:0 0.38 0.27 0.18 0.25 0.32 0.10
C20:1n? 0.723b 0.62P 0.692b 0.822 0.58P 0.01
C20:3n3 0.05 0.05 0.08 0.04 0.04 0.35
C20:4n° 0.14 0.13 0.08 0.05 0.08 0.46
C20:5n3 1.68 1.48 1.81 1.25 1.12 0.13
C22:5n3 0.86 0.39 0.53 0.33 0.46 0.27
C22:6n3 0.302b 0.233b 0.862 0.21° 0.23ab 0.03

ab Different superscripts mean significant difference (p < 0.05) among treatments (columns).



Antibiotics 2020, 9, 248 6 of 18

Table 2. Concentration of fatty acids (mg/kg of muscle) in total fat of Longissimus lumborum of male
lambs affected by supplementation of three different levels (HO = 0.4 g/kg DM; MO = 0.3 g/kg DM;
LO = 0.2 g/kg DM) of oregano essential oils or monensin (SM) at commercial doses vs. a control

diet (CON).
Treatments
Fatty Acid
CON SM HO MO LO p-Value
Saturated
C14:0 1399  14.473b  9g7b 23502  13.18> 0.042
C16:0 172.7°  200.13>  120.88> 289.772  183.74P  0.031
C18:0 9493 12173 71.94P 164172 103583  0.043
Mono-unsaturated
C16:1n7 6.602P 10.682 431b 9.512 7.14ab 0.024
C18:1n9¢ 287.41°  369.6%® 22158 472972 321593  (.043
C18:1n9t 14.67 16.82 14.39 8.12 30.19 0.007
C20:1n9 2.90P 3.54b 421 7.882 4.46P 0.001
PUFA’s
C18:2n6t 18.74% 24883 1404 27102  18.66% 0.043

&b Different superscripts mean significant difference (p < 0.05) among treatments (column) in the same fatty acid.

HO decreased the concentration of C14, C16, and C18 (p < 0.05); meanwhile, MO increased
(p < 0.05) them. LO and SM did not alter the concentrations of these acids when compared to CON
(p > 0.05, Table 2). Higher concentrations of C14, C16, C18, C16:1n7, C18:1n, C20:1n9, and C18:2n6t
in the total fat of Longissimus lumborum were observed (p < 0.05) in MO meat compared to the
control group.

Concentrations (Table 2) of monounsaturated fatty acids (MUFAs); C16:1n7, C18:1n9¢ and C20:1n9
were different among treatments (p < 0.05). MO increased the concentration of these MUFAs (p < 0.05),
while HO decreased the concentrations (p < 0.05). HO, LO, and CON had similar low levels, whereas
SM and MO had higher values (p < 0.05).

The treatment (p < 0.05) affected the concentration of linoleic acid (C18:2n6t) in total fat. MO increased
concentrations of C18:2n6t (p < 0.05, Table 2). The lowest concentrations of C18:2 were in HO meat.

3. Discussion

3.1. Lipid Oxidation

In the present study, the incorporation of OEO at levels of 0.2 and 0.3 g/kg DM or monensin in
the lamb diet had a similar effect on the lipid oxidation of lamb. The control treatment was slightly
higher in malonaldehyde formation in meat. However, this difference was not statistically different
from the control treatment. Notwithstanding, the result is still promising as far as the application of
OEO concerns, since replacing OEO for monensin in lamb diets shows to be a beneficial choice.

However, meat from male lambs fed with a high level of OEO had significantly higher malonaldehyde
(MDA) formation when compared to the control treatment.

The effectiveness of essential oil in preventing oxidation in lamb meat has also been reported by
Nieto et al. [33]. They tested distilled dietary rosemary leaf (DRL, 0%, 10% and 20%) to prevent lipid
oxidation and the sensory deterioration of cooked lamb, under retail display conditions. Cooked lamb
fillets were stored at 0, 2, or 4 d (4 °C) in a display cabinet and then reheated, simulating catering
practices. The cooked lamb suffered rapid lipid oxidation and odour and flavour spoilage associated
with slight rancidity and warmed-over flavour. DRL feeding delayed lipid oxidation (thiobarbituric
acid reactive substances, or TBARS) and volatile compounds more effectively in the first two d of
storage. Percentages of 10% and 20% of DRL provided equal antioxidant capacity.

These positive effects of essential oil have also been found in bovine meat. Rivaroli et al. [34] fed
crossbred young bulls with different doses of an essential oil blend (oregano, garlic, lemon, rosemary,
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thyme, eucalyptus, and sweet orange). They found that a dose of 3.5 g/animal/d decreases lipid
oxidation. However, higher doses could have a pro-oxidant effect, and they are not recommended in
feedlot animals.

Antioxidants that interact with reactive oxidant species (ROS) might become pro-oxidants,
causing lipid and protein oxidation [35,36]. Low concentrations of essential oils might prevent this,
and antioxidant activity is kept as observed in the present study, where low and medium oregano
oil doses (0.2 and 0.3 g/kg DM diet) resulted in lower TBARS values, and the high doses produce an
increase of lipid oxidation.

It is important to mention that in the present study, the lipid oxidation is considered still low
(TBARS values lower than 2.0), which is in agreement with the report of Campo et al. [37]. They
revealed that the TBARS value of 2.0 (2 mg MDA/kg meat) could be considered the threshold where
the rancid flavour overpowers beef flavour. Therefore, it is considered as the maximum level for the
positive sensory perception of beef. These authors indicated that from that point onwards, it can
expected for beef to be rejected due to a strong sensory perception of lipid oxidation.

In physiological conditions, mammals constantly produce reactive oxygen species (ROS). Low
concentrations of ROS are essential for several physiological processes, including protein phosphorylation,
apoptosis, and cellular defence against microorganisms [38]. Oxidative stress refers to a lack of balance
between the production of ROS and the level of antioxidants. Domestic animals are frequently exposed
to oxidative stress, especially under intensive breeding systems [39]. Oxidative stress is responsible
for numerous disease processes in animals. Many secondary metabolites formed by plants serve as
defence agents against physiological and environmental stressors, and pathogenic microorganisms [40].
The main molecules responsible for the antioxidative properties of herbs and spices are phenolic
substances. In particular, Origanum vulgare is an herb rich in phenolics [41].

Essential oils are rich sources of natural antioxidants, such as the phenolic compounds, and due
to their high redox properties and chemical structure, they affect lipid metabolism in animal tissues
by exerting beneficial effects on the antioxidant enzyme activity. Furthermore, phenolic compounds
also prevent the production of reactive oxygen species and the off-flavors that are formed from the
oxidation of polyunsaturated fatty acids [42]. Dietary supplementation with EOs is a simple and
convenient strategy to uniformly introduce natural antioxidants into phospholipid membranes, where
they may effectively inhibit the oxidative reactions by preventing the formation of radicals, and it
appears to be a more effective way of slowing down hte lipid oxidation of animal products compared
to post-mortem addition [43-45].

Other benefits of OEO have been stated in the literature. OEO modifies ruminal microflora, which
also modifies the concentration of ruminal volatile fatty acid. Fat deposition (mainly unsaturated
fatty acids, UFAs) is promoted when the concentration of propionic acid decreases and the acetic acid
increases. Under some circumstances, UFAs are more susceptible to oxidation [46-48], and they may
promote the formation of MDA in absence of antioxidants, as observed in this study (Figure 1).

As it has been previously pointed out, the structure of some lipid components from the essential
oils changes as they transit through the digestive tract, and if they are absorbed in the intestine,
the lipid profile and the oxidative stability of the meat might be modified [46—49]. In the present study,
monensin has a similar effect to that of OEO in terms of lipid oxidation. This indicates that OEO could
safely replace monensin in lamb diets, with the advantage of being a natural additive that promotes
other positive changes in lamb, such as colour and shelf life preservation. OEO supplementation
demonstrated lipid antioxidant activity in fresh lamb meat. OEO improves the antioxidant activity,
which has an influence on retarding the lipid meat oxidation during refrigerated and long-term frozen
storage. This process could be explained by carvacrol and thymol action on the permeability of cell
membranes, and by the transformation of lipid and hydroxyl radicals into stable products [29]. This
effect was supported in the present study.

The antioxidant effect of dietary OEO supplementation has also been demonstrated in poultry [44,50,51].
Moreover, OEO has been studied as an ingredient in meat formulations. In lamb burgers, the addition
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of 24 mL/kg of oregano extract is recommended as a natural antioxidant in replacement of sodium
erythorbate, and the product has good acceptability [52].

3.2. Compression Strength

The tenderness of meat has been associated with intramuscular fat IMF) content [53], and the
increase of monounsaturated fatty acids (MUFAs) and PUFAs concentration in IMF could reduce the
compression force of meat, thus producing more tender meat and, in this way, improving the quality.

Some of the intrinsec main factors that influence meat texture are the content and solubility of
collagen, sarcomere diameter, intramuscular fat content, and proteolysis by calpains during ageing,
among others [54]. The dietary inclusion of OEO decreases the concentration of acetic acid and
increases propionic acid in rumen, which favours fat deposition [55] and improves meat tenderness.
An increased quantity of subcutaneous fat and intramuscular fat decreases the rate of temperature
decline, enhances the activity of autolytic enzymes in the muscle, lessens the myofibrillar shortening,
and thereby increases the tenderness of cooked meat [56]. In the present study, it can be assumed
that differences in tenderness between CON and MO are related to intramuscular fat deposition,
since MUFA and PUFA are oilier in texture than saturated fatty acids. Apparently, the MO inclusion
promoted a greater amount of MUFA and PUFA in the meat.

There are no other studies showing an improvement of lamb tenderness when animals were fed
OEOQ. In the study of Simitzis et al. [57], the dietary oregano essential oil supplementation on lamb did
not influence the tenderness of Longissimus thoracis muscle. Demirel et al. [58] reported that the effect
of oregano oil was not significant on carcass and lamb meat quality attributes.

Contrasting effects of OEO on the tenderness and shear force of meat from other species are
reported. Cheng et al. [59] observed that dietary OEO enhanced the tenderness and overall acceptance
of pork. Forte et al. [60] showed that dietary oregano essential oil increased the meat tenderness, but it
did not modify other pork quality traits, such as the pH, colour, drip loss, and cooking loss. However,
OEO improved consumer perceptions of the meat quality, such as consistency and overall liking.
In contrast, Ranucci et al. [61] evaluated a plant extract mix (chestnut and oregano essential oil) in a
pig diet and evaluated the pig performance and meat quality. The fresh meat colour, pH, and WB shear
force was not affected by OEO supplementation. Simitzis et al. [29] did not find any change in the meat
shear force and sensory traits of meat from pigs supplemented OEO. As well, Rossi et al. [62] reported an
enhancement of sensory attributes in meat from pigs supplemented plant extract (Lippia spp.) but did
not find any tenderness improvement in the meat.

When adding essential oils to meat products, it has been pointed out that protein oxidation
reduces meat tenderness, but the essential oils of oregano and rosemary can protect the thiols in pork
patties and reduce the disulphide crosslinks of the myosin heavy chains, avoiding the tenderness
reduction of meat [63].

Finally, Lei et al. [64] demonstrated that the addition of essential oil-cobalt had a significant effect
on the meat quality of tested goats. Similarly, Velasco et al. [65] found that the incorporation of dietary
dry oregano at 1% and 5% in the diet of Boer goats did not affect the meat quality characteristics.

3.3. Colour

The addition of the OEO and/or monensin in the lamb diet influences the colour (L*, a*, b*, and C¥)
parameters of the meat. According to recent reports by Payne et al. [66], the colour values in finishing
lambs (240 d old) are L* = 34.3, a* = 5.7 and b* = 16.9. The L* values in the present study are higher
(L* = 40), meaning a lighter meat. The high L* value could be attractive to consumers that prefer
lighter meat [34]. A positive result could be that yellowness (b*) was relatively lower compared to
Payne et al. [66], since consumers do not expect to find high b* in fresh meat. Lightness (L*) was
higher in the meat from oregano and monensin treatments compared to the control. As noted by
Rivaroli et al. [34], in feedlot-finished young bulls that were fed with essential oils, L* values were
superior to the other literature data of cattle finished in feedlot.
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Colour is one of the most important quality characteristics to determine the consumer decision for
purchasing meat. The natural colour of meat is produced by the myoglobin and hemoglobin pigments.
These three components that define the colour of meat are all highly susceptible to oxidation [67,68].
An unattractive brown colour can result from the oxidation of red oxymyoglobin to metmyoglobin.
The mechanisms that modify pigment distribution in animal tissues could be activated by lowering
hemoglobin oxidation by dietary OEO supplementation [57]. Antioxidants have the ability to
retard meat colour deterioration by extending the red colour and delaying metmyoblobin formation.
Simitzis et al. [57] included 1 mL OEO/kg in lambs diet and found higher a* and b* values. In lamb
meat, Nieto et al. [33] indicates that lambs fed with 3.7% and 7.5% of oregano leaves produced
significant differences regarding the colour values. In this study, as the storage period was prolonged,
the L* and b* values increased and the a* value decreased. Similarly, Simitzis et al. [29] pointed out
that supplementing lamb diets with OEQO resulted in significant effects on meat colour (L*, a*, and b*).

Different results have been found in other animal species. The colour of pork patties was
investigated by Carpenter et al. [69]. They did not find significant changes in colour parameters by
the addition of grape seed and bearberry extracts to the diet. Similar results were obtained for fresh
chicken breast meat [25], whereas the incorporation of rosemary and oregano extracts in pig rations
resulted in significant differences in the luminosity of meat.

Similar results have been reported by Camo et al. [24], who reported that the packaging of lamb
meat using rosemary and oregano extracts resulted in the difference in meat redness of the treated
animals compared to the controls. Intrinsic characteristics of the animals have also an effect on meat
colour. Lamb meat colour changes by body weight, sex, and breed [70]. In this way, Hopkins and
Fogatry [71] found that the colour of the m. Longissimus thoracis varied with breed. Based on the
findings obtained in this study, the effect of OEO on meat colour parameters was found to be in
agreement with the literature and within the reference ranges.

Possibly, components from OEO accumulate on the meat, as it has been reported in non-ruminants [72].
Essential oils have an antioxidant activity when used directly on the meat or supplemented
ante-mortem [46,73,74], which may protect meat pigment from oxidation throughout storage. If dietary
OEO are accumulated in meat, it might mean that they passed the rumen without being degraded.
Alternatively, colour might remain stable, as carvacrol supports the activity of glutathione peroxidase
and superoxide dismutase, which are two of the most important antioxidant enzymatic complexes in
mammals [75].

It is important to highlight that dietary MO not only maintained a higher and more stable redness,
yellowness, and saturation during storage, but it also reduced the compression force, and, although not
significant (p > 0.05), lower TBARS were observed. Improvement of the oxidative stability of MO meat
was shown by the stable colour during storage. Dietary antioxidants such as tocopherol deposited in
meat may avoid rancidity or the oxidation of tissue components [76]. Carvacrol has a high antioxidant
activity [65]. It is possible that the antioxidant activity of OEO is more related to protein protection
(pigments) than to lipid components. Some spices and their extracts such us oregano have a high
antioxidant activity due to their phenolic compound content, which improves the nutritive value and
the quality of meat, because they prevent meat oxidation [65].

Moura et al. [77] evaluated dietary monensin (SM) and incrementing levels of copaiba (Copaifera
spp.) essential oil (CO) on nutrient intake, time spent eating and ruminating, performance, carcass
traits, and the meat quality of feedlot lambs. They observed that the addition of CO at 1.5 g/kg increased
Warner Bratzler shear force and decreased L* intensity in Semimembranosus meat in comparison to SM.

3.4. Fatty Acid Profile

The supplementation treatments, SM and MO, modified the fatty acid profile compared to the
other treatments, whereas HO treatment modified the fatty acid profile undesirably. The similarity
between SM and MO might imply that as they modify the rumen environment, the growth rate of
rumen microflora changes, resulting in changes in the fermentation profile [49,55,78]. These changes
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impact the fatty acid profile [79], as it has been reported that monensin was at least partially effective
to inhibit the biohydrogenation of unsaturated FAs in the rumen. This consequently increased the
percentage of n-6 and n-3 PUFAs and conjugated linoleic acid in milk.

SM (Rumensin®) in ruminant diets [55] and essential oils have bactericidal or bacteriostatic
effects [13]. The antibacterial effect is more evident in Gram-positive bacteria, where the cell membrane
acts directly with hydrophobic components [80]. SM and some compounds in essential oils are
lipophilic; hence, they do not penetrate the membrane of Gram-negative bacteria [81,82]. However,
Gram-negative bacteria are not completely resistant to the lipophilic compounds in essential oils,
because low molecular weight molecules can interact with the cellular lipid bilayer [82]. Thymol and
carvacrol can also disintegrate the external membrane of Gram-negative bacteria [83]. Hence, SM and
essential oils affect equally Gram-positive and Gram-negative bacteria, but they use different pathways.
The levels of essential oil inclusion are fundamental, because it has been reported that low levels are
not enough to modify the ruminal microflora and high levels reduced significantly the bacterial counts,
while neither of them change the ruminal fermentation rate [78].

In this regard, several authors have already shown the mechanism of SM inducing ruminal
environmental changes. It has been pointed out that SM modifies the ruminal and intestinal microflora,
which causes a higher nitrogen and carbon retention in the animal [3]. Additionally, SM promotes the
growth of propionic acid-producing microorganisms. Therefore, the concentration of propionic and
butyric acids increase, while acetate decreases in ruminal fluid. This leads to an acetate:propionate ratio
decline [3,84-86], which in turn favours the recovery of energy used by the animal [79]. Additionally,
SM reduces the formation of methane and lactic acid produced by other microorganisms [87,88].

In the present study, most of the FAs that were statistically different are saturated or monounsaturated.
This might indicate that triglycerides are accumulating in the intramuscular adipocytes within the
neutral lipid fraction. Nevertheless, phospholipidic variations may take place, considering that this
fraction is easily altered with the diet [89,90]. An advantage of monensin is that it does not only change the
microbial populations in the rumen to such levels that the fatty acid profile is modified, but it also changes
the digestibility of nutrients and the utilisation of proteins [3]. Ionophores such as SM alter the fat deposition
in beef, particularly arachidonic (C20:4) and linolenic (C18:3n3) acids [91,92]. Furthermore, in bovine milk,
SM also changes the amount of fat and increases C18:2 [93]. However, an outstanding characteristic of
OEQ is that its active components (carvacrol and thymol) of OEO are potent antimicrobials affecting
populations such as E. coli, Staphylococcus aureus, Salmonella typhimurium, protozoa, fungi, Ruminococcus
fibrisolvens and Fibrobacter succinogenes, which modifies ruminal fermentation and is fundamental in
the conversion of dietary nutrients to muscle tissue [11-13]. Specifically in sheep, there is evidence that
carvacrol decreases acetate concentrations and increases propionate and butyrate. Both are volatile
fatty acid precursors of muscle and fat components in the animal [14].

Other essential oils have also been studied in lamb nutrition, and their results are promising.
Parvar et al. [94] investigated the effects of Ferulago angulata (chavil) essential oil (FAE) dietary
supplementation on growth performance, meat quality characteristics, and the fatty acid composition
of longissimus muscle (LM) in fattening lambs. They found that the supplements increased the
concentrations of PUFA and decreased SFA contents in meat. Lambs that used diets containing FAE
had a lower n-6:n-3 fatty acid ratio compared to the control treatment. They concluded that FAE (up to
750 mL/kg DM) can be used in diets without adverse effects on physical parameters or the chemical
composition of meat, and it enhanced the anti-oxidative status of lamb’s meat. On the other hand,
negative effects of monensin in sheep have been observed. A study of lamb supplementation with
monensin (zilpaterol hydrochloride, ZH; 0 or 10 mg/lamb daily) showed a decrease in the content
of C20:5n3 (eicosapentaenoic acid), C22:6n-3 (docosahexaenoic acid), and total omega-3 fatty acids,
compared with the zero ZH group [95].

In monogastric animals such as chickens, the inclusion of carvacrol and thymol fat increases PUFA
and decreases SFA in breasts [75]. In this study, the PUFAS concentration was not different (p > 0.05)
between the control and monensin treatment. However, the PUFAs concentration was higher in MO.
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Promising results of OEO have also been reported in pork. Cheng et al. [59] reported that dietary OEO
enhanced the sensory attributes and anti-oxidative status of pork meat by improving IMF and n-3
PUFA proportion and antioxidant capacity.

4. Materials and Methods

4.1. Animal Handling and Treatment Description

Twenty male lambs (Dorper x Pelibuey. Initial body weight, 26.2 + 3.9 kg) were randomly assigned
to one of five treatments (n = 4 per treatment); CON: control, basal diet; SM: basal diet + 33 mg/kg
monensin sodium (Rumensin 200®); LO: basal diet + 0.2 g/kg DM (dry matter) of OEO; MO: basal diet
+ 0.3 g/lkg DM of OEQ, and HO: basal diet + 0.4 g/kg DM of OEO. The basal diet was formulated for
27 kg-lambs to gain 250 g daily [96], and it consisted of 20% alfalfa hay and 80% concentrate DM basis
(Table 3). OEO (62.7% carvacrol concentration) was extracted from the leaves (Lippia S. berlandieri) by
steam distillation and obtained from Natural Solution™ Jimenez, México. The diet adaptation period
lasted 15 d, and the experimental period was 70 d.

Table 3. Ingredients and chemical composition (DM basis) of diets of finishing hair lambs supplemented
with Carvacrol.

Treatment
Ingredients (%)
Control Monensin Low Oil Medium Oil High Oil
Rolled sorghum 36.32 36.32 36.32 36.32 36.32
Soybean meal 34.79 34.79 34.79 34.79 34.79
Alfalfa hay, full bloom 20 20 20 20 20
Molasses cane 5 5 5 5 5
Corn gluten (60% CP) 2 2 2 2 2
Calcium carbonate 0.883 0.883 0.883 0.883 0.883
Salt 0.5 0.5 0.5 0.5 0.5
Mineral premix 1 0.5 0.5 0.5 0.5 0.5
Essential oil (Carvacrol, g/Kg MS) 0 0 0.2 0.3 0.4
Monensin (pmm) 0 33 0 0 0
Calculated chemical composition (% DM basis)
CcP 23.68 23.68 23.68 23.68 23.68
ME (Mcal/kg) 2.739 2.739 2.739 2.739 2.739
Ca 0.791 0.791 0.791 0.791 0.791
P 0.453 0.453 0.453 0.453 0.453

CON: 0 g/Kg MS Carvacrol; M: 33 ppm/Kg MS Monensin; Low: 0.2 g/Kg MS Carvacrol; Medium: 0.3 g/Kg MS
Carvacrol; High: 0.4 g/Kg MS Carvacrol. ! P 12%; Ca 11.5%; Mg 0.6%; Mn 2160 ppm; Zn 2850 ppm; Fe 580 ppm;
Cu 1100 ppm; I 102 ppm; Co 13 ppm; Se 9 ppm; Vitamins: A 22,000 UI/Kg; E 24,500 UI/Kg.

Animals were housed in individual pens (equipped with feeding and drinking troughs) and
fed twice daily (8:00 and 16:00 h). All experimental procedures with the animals complied with
the institutional Bioethics code and Animal Welfare Guidelines, fulfilling the Official Mexican
Norms. The protocol was approved by the Institutional Bioethics and Animal Welfare Committee on
September 21, 2007, with official number P/302/2017. Description and declarations in this document
also followed the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines.

At day 71 (average body weight 45.9 + 2.82 kg) and after a 12-h fasting period, the animals
were electrically stunned and slaughtered by exsanguination using conventional methods in the Meat
Science Complex, Department of Animal Science and Ecology (UACH). The dressed carcasses were
hung by Achilles tendon suspension in a chiller at 2 °C. At 48 h post-mortem, a portion of Longissimus
lumborum (LL, 15 cm approx.) was excised longitudinally (after the 12t rib) from the right half of the
carcass. The portions of LL were vacuum packed (Easy-pack, Rhino, Germany) in 7 um thickness
pouches and fast-frozen (—20 °C) until further analyses.
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After two weeks, frozen muscles were sliced transversally to obtain 16 steaks (2 cm thickness)
transversal to the muscle fibre direction. Steaks were analysed as follows: the two cranial steaks were
tested for lipid oxidation, the next 2 were tested for colour, the following three were tested for texture,
and the last 2 were tested for the fatty acid profile.

Samples for lipid oxidation, colour, and texture were thawed at 3 °C for 24 h. Then, to simulate
commercial retail display, samples were packed under a modified atmosphere (MAP, 75% O,-25% CO5,
PVC Cryovac® trays, PET-PVDC-PE top lidding. Rhino 4 sealed packer. USA) and placed in a chilled
storage (3 °C, artificial led light, 12 h/d, 700 1x). Samples for fatty acids were re-packed in vacuum bags
and kept frozen for 7 d more until fatty acid analysis. All measurements were performed in triplicate
except for the compression test, for which measurements were taken at least six times.

4.2. Lipid Oxidation

Lipid oxidation was determined after 7 d of simulated commercial retail display by TBARS
(thiobarbituric acid reactive substances), and the values were expressed as mg malonaldehyde (MDA)
per kg of meat, according to the distillation method [97].

4.3. Compression Strenght Analysis

To determine the compression strength of the samples, the methodology of the American Meat
Science Association Guidelines [98] was followed. MAP chilled stored samples were placed in sealed
plastic bags and cooked in a water bath (Fisher Scientific® mod. Isotemp 215, Waltham, MA, USA) until
an internal temperature of 72 + 1 °C was reached at the geometric centre. Temperature was monitored
with a thermocouple wire, which was attached to an infrared digital thermometer (Fisherbrand™
Traceable™ Infrared Thermometer with Trigger Grip). Subsequently, cooked steaks (2 cm thickness)
were stored at 1 °C for 24 h. Compression strengt was determined by the “punch and die” method [99],
which was modified by Jones et al. [100]. Steaks (2 cm thickness) were perforated transversally (parallel
to muscle fibers) at least 6 times, and compression values were averaged per every steak (3 steaks per
animal). Compression strength analysis was performed with a TA.XT2i texture analyser (Stable Micro
Systems, Surrey, UK), attached to a 30 kg load cell, and set with a 20 mm cylindrical probe (Crosshead
speed of 100 mm min~! at 3 cm of distance). Data are expressed in Newtons/cm?.

4.4. Colour

Colour (L *,a*, b * and c *) was evaluated daily for 7 d. Measurements were taken thrice in MAP
raw meat with a colorimeter (Minolta® Konica Minolta Camera, Tokyo, Japan), 8 mm Illuminant C.
Standard observer, C: Y =94.2, x = 0.3130 and y = 0.3190following the methodology of the Commission
Internationale I'Eclairage with the CIELAB scale [101].

4.5. Fatty Acids (FA) Profile Analysis

Fatty acid profile analysis was carried out in the steaks without simulated retail display. Lipid
extraction was carried out following Bligh and Dyer [102,103]. FA derivatization was obtained by
saponification, methylation, and esterification [104]. FA were analysed by gas chromatography
(Claurus 400 Perkin Elmer, Waltham, MA, USA), with a polar column (100 m X 0.25 mm X 0.20 pum;
Sigma, Bellfonte, PA, USA). Peak identification was achieved by comparing the retention times of the
unknowns with the standard SupelcoTM 37 Component FAME mix (Sigma).

4.6. Analysis of Data

Variables measured only once (TBARs values, compression values, fatty acid, and concentrations)
were analysed with a one-way ANOVA, where diet (5 treatments) was the independent variable. If the
treatments were significantly different (p < 0.05), means were compared with a Tukey test. The effect of
diet on colour (L *, a *, b*, an ¢ *) was analysed with a general linear mixed model, considering the day
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of the storage as random variable and diet (5 treatments) as a fixed effect. All analyses were performed
using the ‘R’ statistical software version 3.6.0 [105].

5. Conclusions

This study demonstrated that the dietary inclusion of 0.3 g (per kg of DM) of OEO increases lamb
tenderness and, similarly to monensin and low oregano oil (0.1 g/kg DM) supplementation, it preserves
the meat colour after 7 d of storage. Thus, oregano oil could be an alternative to monensin in lamb diets.
The supplementation of oregano essential oil also significantly affected the fatty acid profile, increasing
the content of C16:1n7, C18:1n9¢, C20:1n9, and C18:2n6 in meat. This study demonstrated that oregano
essential oil was beneficial for lamb meat quality. Overall, this study confirmed the remarkable
beneficial effect of oregano essential oil on the colour, tenderness, lipid oxidation, and fatty acid profile
of lamb meat, which is of significant importance, aiming to evaluate the benefits of phytochemicals
to replace monensin and obtaining advantages in lamb meat quality. Further research is needed to
identify the main metabolic pathway of oregano essential oil as well as the crucial active components
that favourably alter the quality characteristics in lamb meat.

Author Contributions: Conceptualization, . A.G.-G. and A.D.A.-R.; methodology, LA.G.-G., ] A.A-A., ALR-M,;
formal analysis, .A.G.-G., M.H.-]., and LM.C.-L.; investigation, J.A.A.-A. and J.L.L.-O.; resources, A.D.A.-R,;
writing—original draft preparation, .A.G.-G., AL.R.-M., J.L.L.-O. and A.D.A.-R,; writing—review and editing,
M.H.-]., and ].M.T.-G.; project administration, I.A.G.-G.; funding acquisition, I.A.G.-G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by PROMEP, SEP; clave UACH-PTC-216.

Acknowledgments: The authors would like to thank Guillermo Villalobos for providing the meat and the
information from his research on oregano essential oils supplementation on performance and digestibility of sheep.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Resurreccion, A.V. Sensory aspects of consumer choices for meat and meat products. Meat Sci. 2004, 66,
11-20. [CrossRef]

2. Kinnucan, HW,; Xiao, H.; Hsia, C.-J.; Jackson, J.D. Effects of Health Information and Generic Advertising on
U.S. Meat Demand. Am. J. Agric. Econ. 1997, 79, 13-23. [CrossRef]

3. Schelling, G.T. Monensin mode of action in the rumen. J. Anim. Sci. 1984, 58, 1518-1527. [CrossRef]

4. Millet, S.; Maertens, L. The European ban on antibiotic growth promoters in animal feed: From challenges to
opportunities. Vet. J. 2011, 187, 143-144. [CrossRef] [PubMed]

5. Hughes, P; Heritage, J. Antibiotic growth-promoters in food animals. In assessing quality and safety of
animal feeds. In Assesing Quality and Safety of Animal Feeds; Jutzi, S., Ed.; Food and agriculture organization
of the United Nations: Rome, Italy, 2004; pp. 129-153.

6. Kumar, Y,; Yadav, D.N.; Ahmad, T.; Narsaiah, K. Recent Trends in the Use of Natural Antioxidants for Meat
and Meat Products. Compr. Rev. Food Sci. Food Saf. 2015, 14, 796-812. [CrossRef]

7. Shah, M.A; Bosco, S.J.D.; Mir, S.A. Plant extracts as natural antioxidants in meat and meat products. Meat Sci.
2014, 98, 21-33. [CrossRef] [PubMed]

8.  Xu, J; Zhou, F; Ji, B.P; Pei, R.S.; Xu, N. The antibacterial mechanism of carvacrol and thymol against
Escherichia coli. Lett. Appl. Microbiol. 2008, 47, 174-179. [CrossRef]

9. Aguirre, A.; Borneo, R.; Leén, A E. Antimicrobial, mechanical and barrier properties of triticale protein films
incorporated with oregano essential oil. Food Biosci. 2013, 1, 2-9. [CrossRef]

10.  Pifion, M.I;; Alarcon-Rojo, A.D.; Renteria, A.L.; Mendez, G.; Janacua-Vidales, H. Reduction of microorganisms
in marinated poultry breast using oregano essential oil and power ultrasound. Acta Aliment. 2015, 44,
527-533. [CrossRef]

11. Gundiiz, G.T.; Goniil, S.A.; Karapmar, M. Efficacy of oregano oil in the inactivation of Salmonella typhimurium
on lettuce. Food Control 2010, 21, 513-517. [CrossRef]


http://dx.doi.org/10.1016/S0309-1740(03)00021-4
http://dx.doi.org/10.2307/1243939
http://dx.doi.org/10.2527/jas1984.5861518x
http://dx.doi.org/10.1016/j.tvjl.2010.05.001
http://www.ncbi.nlm.nih.gov/pubmed/20627781
http://dx.doi.org/10.1111/1541-4337.12156
http://dx.doi.org/10.1016/j.meatsci.2014.03.020
http://www.ncbi.nlm.nih.gov/pubmed/24824531
http://dx.doi.org/10.1111/j.1472-765X.2008.02407.x
http://dx.doi.org/10.1016/j.fbio.2012.12.001
http://dx.doi.org/10.1556/066.2015.44.0024
http://dx.doi.org/10.1016/j.foodcont.2009.07.016

Antibiotics 2020, 9, 248 14 0f 18

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Valenzuela-Grijalva, N.V; Pinelli-Saavedra, A.; Muhlia-Almazan, A.; Dominguez-Diaz, D.; Gonzalez-Rios, H.
Dietary inclusion effects of phytochemicals as growth promoters in animal production. J. Anim. Sci. Technol.
2017, 59, 1-17. [CrossRef] [PubMed]

Walsh, S.E.; Maillard, J.Y.; Russel, A.D.; Catrenich, C.E.; Charbonneau, A.L.; Bartolo, R.G. Activity and
mechanisms of action of selected biocidal agents on Gram-positive and -negative bacteria. J. Appl. Microbiol.
2003, 94, 240-247. [CrossRef] [PubMed]

Koyuncu, M.; Canbolat, O. Effect of carvacrol on intake, rumen fermentation, growth performance and
carcass characteristics of growing lambs. J. Appl. Anim. Res. 2010, 38, 245-248. [CrossRef]

Chikwanha, O.C.; Vahmani, P.; Muchenje, V.; Dugan, M.E.R.; Mapiye, C. Nutritional enhancement of sheep
meat fatty acid profile for human health and wellbeing. Food Res. Int. 2018, 104, 25-38. [CrossRef]
Vargas-Bello-Pérez, E.; Larrain, R.E. Impacts of fat fromruminants” meat on cardiovascular health and
possible strategies to alter its lipid composition. J. Sci. Food Agric. 2017, 97, 1969-1978. [CrossRef]

Xu, R. Important bioactive properties of omega-3 fatty acids. Ital. ]. Food Sci. 2015, 27, 129-135.

Chen, G.C; Yang, |.; Eggersdorfer, M.; Zhang, W.; Qin, L.Q. N-3 long-chain polyunsaturated fatty acids and
risk of all-cause mortality among general populations: A meta-analysis. Sci. Rep. 2016, 6, 1-9. [CrossRef]
Zarate, R; el Jaber-Vazdekis, N.; Tejera, N.; Pérez, ].A.; Rodriguez, C. Significance of long chain polyunsaturated
fatty acids in human health. Clin. Transl. Med. 2017, 6. [CrossRef]

Van Le, H.; Nguyen, D.V.; Vu Nguyen, Q.; Malau-Aduli, B.S.; Nichols, P.D.; Malau-Aduli, A.E.O. Fatty acid
profiles of muscle, liver, heart and kidney of Australian prime lambs fed different polyunsaturated fatty
acids enriched pellets in a feedlot system. Sci. Rep. 2019, 9, 1-11. [CrossRef]

Abedi, E.; Sahari, M.A. Long-chain polyunsaturated fatty acid sources and evaluation of their nutritional
and functional properties. Food Sci. Nutr. 2014, 2, 443-463. [CrossRef]

World Health Organization Diet, Nutrition and the Prevention of Chronic Diseases; WHO Technical Report
Series 916: Geneva, Switzerland, 2003.

Miltko, R.; Majewska, M.P,; Belzecki, G.; Kula, K.; Kowalik, B. Growth performance, carcass and meat quality
of lambs supplemented different vegetable oils. Asian-Australas . Anim. Sci. 2019, 32, 767-775. [CrossRef]
[PubMed]

Camo, J.; Lorés, A.; Djenane, D.; Beltran, J.A.; Roncalés, P. Display life of beef packaged with an antioxidant
active film as a function of the concentration of oregano extract. Meat Sci. 2011, 88, 174-178. [CrossRef]
[PubMed]

Chouliara, E.; Karatapanis, A.; Savvaidis, LN.; Kontominas, M.G. Combined effect of oregano essential oil
and modified atmosphere packaging on shelf-life extension of fresh chicken breast meat, stored at 4 °C.
Food Microbiol. 2007, 24, 607-617. [CrossRef]

Gallo, M.; Ferracane, R.; Naviglio, D. Antioxidant addition to prevent lipid and protein oxidation in chicken
meat mixed with supercritical extracts of Echinacea angustifolia. J. Supercrit. Fluids 2012, 72, 198-204.
[CrossRef]

Karabagias, I.; Badeka, a.; Kontominas, M.G. Shelf life extension of lamb meat using thyme or oregano
essential oils and modified atmosphere packaging. Meat Sci. 2011, 88, 109-116. [CrossRef]

Petrou, S.; Tsiraki, M.; Giatrakou, V.; Savvaidis, .N. Chitosan dipping or oregano oil treatments, singly or
combined on modified atmosphere packaged chicken breast meat. Int. J. Food Microbiol. 2012, 156, 264-271.
[CrossRef]

Simitzis, PE.; Symeon, G.K.; Charismiadou, M.A.; Bizelis, ].A.; Deligeorgis, S.G. The effects of dietary oregano
oil supplementation on pig meat characteristics. Meat Sci. 2010, 84, 670-676. [CrossRef]

Giannenas, I.; Tzora, A.; Bonos, E.; Sarakatsianos, I.; Karamoutsios, A.; Anastasiou, I.; Skoufos, I. Effects of
dietary oregano essential oil, laurel essential oil and attapulgite on chemical composition, oxidative stability,
fatty acid profile and mineral content of chicken breast and thigh meat. Eur. Poult. Sci. 2016, 80, 1-18.
Cobellis, G.; Trabalza-Marinucci, M.; Yu, Z. Critical evaluation of essential oils as rumen modifiers in
ruminant nutrition: A review. Sci. Total Environ. 2016, 545-546, 556-568. [CrossRef]

Lourengo, M.; Cardozo, PW.; Calsamiglia, S.; Fievez, V. Effects of saponins, quercetin, eugenol, and
cinnamaldehyde on fatty acid biohydrogenation of forage polyunsaturated fatty acids in dual-flow continuous
culture fermentersl. J. Anim. Sci. 2008, 86, 3045-3053. [CrossRef]

Nieto, G.; Bafién, S.; Garrido, M.D. Effect of supplementing ewes’ diet with thyme (Thymus zygis ssp. gracilis)
leaves on the lipid oxidation of cooked lamb meat. Food Chem. 2011, 125, 1147-1152.


http://dx.doi.org/10.1186/s40781-017-0133-9
http://www.ncbi.nlm.nih.gov/pubmed/28428891
http://dx.doi.org/10.1046/j.1365-2672.2003.01825.x
http://www.ncbi.nlm.nih.gov/pubmed/12534815
http://dx.doi.org/10.1080/09712119.2010.10539519
http://dx.doi.org/10.1016/j.foodres.2017.05.005
http://dx.doi.org/10.1002/jsfa.8168
http://dx.doi.org/10.1038/srep28165
http://dx.doi.org/10.1186/s40169-017-0153-6
http://dx.doi.org/10.1038/s41598-018-37956-y
http://dx.doi.org/10.1002/fsn3.121
http://dx.doi.org/10.5713/ajas.18.0482
http://www.ncbi.nlm.nih.gov/pubmed/30477294
http://dx.doi.org/10.1016/j.meatsci.2010.12.019
http://www.ncbi.nlm.nih.gov/pubmed/21236591
http://dx.doi.org/10.1016/j.fm.2006.12.005
http://dx.doi.org/10.1016/j.supflu.2012.08.006
http://dx.doi.org/10.1016/j.meatsci.2010.12.010
http://dx.doi.org/10.1016/j.ijfoodmicro.2012.04.002
http://dx.doi.org/10.1016/j.meatsci.2009.11.001
http://dx.doi.org/10.1016/j.scitotenv.2015.12.103
http://dx.doi.org/10.2527/jas.2007-0708

Antibiotics 2020, 9, 248 150f18

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Rivaroli, D.C.; Guerrero, A.; Velandia Valero, M.; Zawadzki, F.; Eiras, C.E.; del Mar Campo, M.; Safiudo, C.;
Mendes Jorge, A.; Nunes do Prado, I. Effect of essential oils on meat and fat qualities of crossbred young
bulls finished in feedlots. Meat Sci. 2016, 121, 278-284. [CrossRef] [PubMed]

Galati, G.; O’Brien, PJ. Potential toxicity of flavonoids and other dietary phenolics: Significance for their
chemopreventive and anticancer properties. Free Radic. Biol. Med. 2004, 37, 287-303. [CrossRef] [PubMed]

Nemeikaite-Ceniene, A.; Imbrasaite, A.; Sergediene, E.; Cenas, N. Quantitative structure-activity relationships
in prooxidant cytotoxicity of polyphenols: Role of potential of phenoxyl radical/phenol redox couple.
Arch. Biochem. Biophys. 2005, 441, 182-190. [CrossRef]

Campo, M.M.; Nute, G.R.; Hughes, S.I.; Enser, M.; Wood, ].D.; Richardson, R.I. Flavour perception of
oxidation in beef. Meat Sci. 2006, 72, 303-311. [CrossRef]

Miller, J.K.K.; Brzezinska-Slebodzinska, E.; Madsen, F.C.C. Oxidative stress, antioxidants, and animal
function. . Dairy Sci. 1993, 76, 2812-2823. [CrossRef]

Aurousseau, B. Oxygen radicals in farm animals. Physiological effects and consequences on animal products.
INRA Prod. Anim. 2002, 15, 67-82.

Bhatt, N. Herbs and Herbal Supplements, a Novel Nutritional Approach in Animal Nutrition. Iran. J. Appl.
Anim. Sci. 2015, 5, 497-516.

Fasseas, M.K.; Mountzouris, K.C.; Tarantilis, P.A.; Polissiou, M.; Zervas, G. Antioxidant activity in meat
treated with oregano and sage essential oils. Food Chem. 2008, 106, 1188-1194. [CrossRef]

Rice-evans, C.A.; Miller, N.J.; Bolwell, P.G.; Bramley, PM.; Pridham, J.B. The Relative Antioxidant Activities
of Plant-Derived Polyphenolic Flavonoids. Free Radic. Res. 1995, 22, 375-383. [CrossRef]

Decker, E.A,; Park, Y. Healthier meat products as functional foods. Meat Sci. 2010, 86, 49-55. [CrossRef]
[PubMed]

Govaris, A.; Botsoglou, N.; Papageorgiou, G.; Botsoglou, E.; Ambrosiadis, I. Dietary versus post-mortem
use of oregano oil and/or x-tocopherol in turkeys to inhibit development of lipid oxidation in meat during
refrigerated storage. Int. J. Food Sci. Nutr. 2004, 55, 115-123. [CrossRef] [PubMed]

Simitzis, P.E. Enrichment of Animal Diets with Essential Oils—A Great Perspective on Improving Animal
Performance and Quality Characteristics of the Derived Products. Medicines 2017, 4, 35. [CrossRef] [PubMed]
Hashemipour, H.; Khaksar, V.; Rubio, L.A.; Veldkamp, T.; van Krimpen, M.M. Effect of feed supplementation
with a thymol plus carvacrol mixture, in combination or not with an NSP-degrading enzyme, on productive
and physiological parameters of broilers fed on wheat-based diets. Anim. Feed Sci. Technol. 2016, 211,
117-131. [CrossRef]

Chaves, A.V,; Stanford, K.; Gibson, L.L.; McAllister, T.A.; Benchaar, C. Effects of carvacrol and cinnamaldehyde
on intake, rumen fermentation, growth performance, and carcass characteristics of growing lambs. Anim. Feed
Sci. Technol. 2008, 145, 396-408. [CrossRef]

Cardozo, PW.,; Calsamiglia, S.; Ferret, A.; Kamel, C. Screening for the effects of natural plant extracts at
different pH on in vitro rumen microbial fermentation of a high-concentrate diet for beef cattlel. J. Anim. Sci.
2005, 83, 2572-2579. [CrossRef]

Benchaar, C.; Calsamiglia, S.; Chaves, A.V,; Fraser, G.R.; McAllister, T.A.; Beauchemin, K.A. A review of
plant-derived essential oils in ruminant nutrition and production. Anim. Feed Sci. Technol. 2008, 145, 209-228.
[CrossRef]

Botsoglou, N.A.; Grigoropoulou, S.H.; Botsoglou, E.; Govaris, A.; Papageorgiou, G. The effects of dietary
oregano essential oil and «-tocopheryl acetate on lipid oxidation in raw and cooked Turkey during refrigerated
storage. Meat Sci. 2003, 65, 1193-1200. [CrossRef]

Botsoglou, N.A.; Christaki, E.; Fletouris, D.].; Florou-Paneri, P.; Spais, A.B. The effect of dietary oregano
essential oil on lipid oxidation in raw and cooked chicken during refrigerated storage. Meat Sci. 2002, 62,
259-265. [CrossRef]

Fernandes, R.P.P; Trindade, M.A.; Tonin, EG.; Pugine, SM.P,; Lima, C.G.; Lorenzo, ].M.; de Melo, M.P.
Evaluation of oxidative stability of lamb burger with Origanum vulgare extract. Food Chem. 2017, 233, 101-109.
[CrossRef]

Watkins, PJ.; Frank, D.; Singh, T.K.; Young, O.A.; Warner, R.D. Sheepmeat Flavor and the Effect of Different
Feeding Systems: A Review. J. Agric. Food Chem. 2013, 61, 3561-3579. [CrossRef]

Wheeler, T.L.; Shackelford, S.D.; Koohmaraie, M. Variation in proteolysis, sarcomere length, collagen content,
and tenderness among major pork muscles. J. Anim. Sci. 2000, 78, 958-965. [CrossRef] [PubMed]


http://dx.doi.org/10.1016/j.meatsci.2016.06.017
http://www.ncbi.nlm.nih.gov/pubmed/27388818
http://dx.doi.org/10.1016/j.freeradbiomed.2004.04.034
http://www.ncbi.nlm.nih.gov/pubmed/15223063
http://dx.doi.org/10.1016/j.abb.2005.07.002
http://dx.doi.org/10.1016/j.meatsci.2005.07.015
http://dx.doi.org/10.3168/jds.S0022-0302(93)77620-1
http://dx.doi.org/10.1016/j.foodchem.2007.07.060
http://dx.doi.org/10.3109/10715769509145649
http://dx.doi.org/10.1016/j.meatsci.2010.04.021
http://www.ncbi.nlm.nih.gov/pubmed/20580991
http://dx.doi.org/10.1080/09637480410001666487
http://www.ncbi.nlm.nih.gov/pubmed/14985183
http://dx.doi.org/10.3390/medicines4020035
http://www.ncbi.nlm.nih.gov/pubmed/28930250
http://dx.doi.org/10.1016/j.anifeedsci.2015.09.023
http://dx.doi.org/10.1016/j.anifeedsci.2007.04.016
http://dx.doi.org/10.2527/2005.83112572x
http://dx.doi.org/10.1016/j.anifeedsci.2007.04.014
http://dx.doi.org/10.1016/S0309-1740(03)00029-9
http://dx.doi.org/10.1016/S0309-1740(01)00256-X
http://dx.doi.org/10.1016/j.foodchem.2017.04.100
http://dx.doi.org/10.1021/jf303768e
http://dx.doi.org/10.2527/2000.784958x
http://www.ncbi.nlm.nih.gov/pubmed/10784186

Antibiotics 2020, 9, 248 16 of 18

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

71.

72.

73.

74.

Castillejos, L.; Calsamiglia, S.; Ferret, A. Effect of essential oil active compounds on rumen microbial
fermentation and nutrient flow in in vitro systems. J. Dairy Sci. 2006, 89, 2649-2658. [CrossRef]

Smith, G.C.; Dutson, T.R.; Hostetler, R.L.; Carpenter, Z.L. Fatness, rate of chilling and tenderness of lamb.
J. Food Sci. 1976, 41, 748-756. [CrossRef]

Simitzis, P.E.; Deligeorgis, S.G.; Bizelis, ].A.; Dardamani, A.; Theodosiou, I.; Fegeros, K. Effect of dietary
oregano oil supplementation on lamb meat characteristics. Meat Sci. 2008, 79, 217-223. [CrossRef]

Demirel, G.; Ekiz, B.; Unal, A.; Yalcintan, H.; Kocabagli, N.; Yilmaz, A. Effects of dietary oregano essential oil
on carcass and meat quality of kivircik lambs. J. Anim. Vet. Adv. 2013, 12, 991-995.

Cheng, C,; Liu, Z.; Zhou, Y.; Wei, H.; Zhang, X.; Xia, M.; Deng, Z.; Zou, Y.; Jiang, S.; Peng, ]. Effect of oregano
essential oil supplementation to a reduced-protein, amino acid-supplemented diet on meat quality, fatty acid
composition, and oxidative stability of Longissimus thoracis muscle in growing-finishing pigs. Meat Sci. 2017,
133, 103-109. [CrossRef]

Forte, C.; Ranucci, D.; Beghelli, D.; Branciari, R.; Acuti, G.; Todini, L.; Cavallucci, C.; Trabalza-Marinucci, M.
Dietary integration with oregano (Origanum vulgare L.) essential oil improves growth rate and oxidative
status in outdoor-reared, but not indoor-reared, pigs. J. Anim. Physiol. Anim. Nutr. 2017, 101, e352—e361.
[CrossRef]

Ranucci, D.; Beghelli, D.; Trabalza-Marinucci, M.; Branciari, R.; Forte, C.; Olivieri, O.; Badillo Pazmay, G.V.;
Cavallucci, C.; Acuti, G. Dietary effects of a mix derived from oregano (Origanum vulgare L.) essential oil and
sweet chestnut (Castanea sativa Mill.) wood extract on pig performance, oxidative status and pork quality
traits. Meat Sci. 2015, 100, 319-326. [CrossRef]

Rossi, R.; Pastorelli, G.; Cannata, S.; Tavaniello, S.; Maiorano, G.; Corino, C. Effect of long term dietary
supplementation with plant extract on carcass characteristics meat quality and oxidative stability in pork.
Meat Sci. 2013, 95, 542-548. [CrossRef]

Nieto, G.; Jongberg, S.; Andersen, M.L.; Skibsted, L.H. Thiol oxidation and protein cross-link formation
during chill storage of pork patties added essential oil of oregano, rosemary, or garlic. Meat Sci. 2013, 95,
177-184. [CrossRef] [PubMed]

Lei, Z.; Zhang, K.; Li, C.; Wu, J.; Davis, D.; Casper, D.; Jiang, H.; Jiao, T.; Wang, X.; Wang, J. Dietary
supplementation with Essential-oils-cobalt for improving growth performance, meat quality and skin cell
capacity of goats. Sci. Rep. 2018, 8. [CrossRef] [PubMed]

Velasco, V.; Orellana, C.; Williams, P.; Campos, J.; Melin, P. Meat Quality Characteristics of Goats Fed with
Dietary Dry Oregano (Origanum vulgare L.). Chil. ]. Agric. Anim. Sci. 2011, 27, 95-104.

Payne, C.E.; Pannier, L.; Anderson, F.; Pethick, D.W.; Gardner, G.E. Lamb age has little impact on eating
quality. Foods 2020, 9, 187. [CrossRef] [PubMed]

Barbut, S. Principles of meat processing. In The Science of Poultry and Meat Processing; Barbut, S., Ed.;
University of Guelp: Guelp, ON, Canada, 2015.

Mancini, R.A.; Hunt, M.C. Current research in meat color. Meat Sci. 2005, 71, 100-121. [CrossRef] [PubMed]
Carpenter, R.; O’Grady, M.N.; O’Callaghan, Y.C.; O’'Brien, N.M.; Kerry, ].P. Evaluation of the antioxidant
potential of grape seed and bearberry extracts in raw and cooked pork. Meat Sci. 2007, 76, 604—610. [CrossRef]
Teixeira, A.; Batista, S.; Delfa, R.; Cadavez, V. Lamb meat quality of two breeds with protected origin
designation. Influence of breed, sex and live weight. Meat Sci. 2005, 71, 530-536. [CrossRef]

Hopkins, D.L.; Fogarty, N.M. Diverse lamb genotypes -2. Meat pH, colour and tenderness. Meat Sci. 1998,
49, 477-488. [CrossRef]

Ramos, F.A.; Martinez, A.P.; Montes, E.S.; Gaytan, C.N.; Selene, A.; Cazarez, H.; Tovar, ].C.; Sanchez, ].G.;
Rodriguez, C. Oregano oil use in broiler diet increases accumulation of carvacrol and thymol in breast meat
Broiler production. Acta Univ. 2017, 27, 34-39.

Boroski, M.; Giroux, H.J.; Sabik, H.; Petit, H.V.; Visentainer, J.V.; Matumoto-Pintro, P.T.; Britten, M. Use of
oregano extract and oregano essential oil as antioxidants in functional dairy beverage formulations. Food Sci.
Technol. 2012, 47, 167-174. [CrossRef]

Hernandez-Hernandez, E.; Ponce-Alquicira, E.; Jaramillo-Flores, M.E.; Guerrero Legarreta, I. Antioxidant
effect rosemary (Rosmarinus officinalis L.) and oregano (Origanum vulgare L.) extracts on TBARS and colour of
model raw pork batters. Meat Sci. 2009, 81, 410-417. [CrossRef] [PubMed]


http://dx.doi.org/10.3168/jds.S0022-0302(06)72341-4
http://dx.doi.org/10.1111/j.1365-2621.1976.tb00717_41_4.x
http://dx.doi.org/10.1016/j.meatsci.2007.09.005
http://dx.doi.org/10.1016/j.meatsci.2017.06.011
http://dx.doi.org/10.1111/jpn.12612
http://dx.doi.org/10.1016/j.meatsci.2014.09.149
http://dx.doi.org/10.1016/j.meatsci.2013.05.037
http://dx.doi.org/10.1016/j.meatsci.2013.05.016
http://www.ncbi.nlm.nih.gov/pubmed/23743026
http://dx.doi.org/10.1038/s41598-018-29897-3
http://www.ncbi.nlm.nih.gov/pubmed/30072796
http://dx.doi.org/10.3390/foods9020187
http://www.ncbi.nlm.nih.gov/pubmed/32069988
http://dx.doi.org/10.1016/j.meatsci.2005.03.003
http://www.ncbi.nlm.nih.gov/pubmed/22064056
http://dx.doi.org/10.1016/j.meatsci.2007.01.021
http://dx.doi.org/10.1016/j.meatsci.2005.04.036
http://dx.doi.org/10.1016/S0309-1740(98)00051-5
http://dx.doi.org/10.1016/j.lwt.2011.12.018
http://dx.doi.org/10.1016/j.meatsci.2008.09.004
http://www.ncbi.nlm.nih.gov/pubmed/22064182

Antibiotics 2020, 9, 248 17 of 18

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Hashemipour, H.; Kermanshahi, H.; Golian, A.; Veldkamp, T. Effect of thymol and carvacrol feed
supplementation on performance, antioxidant enzyme activities, fatty acid composition, digestive enzyme
activities, and immune response in broiler chickens. Poult. Sci. 2013, 8, 2059-2069. [CrossRef] [PubMed]
Petron, M.].; Raes, K.; Claeys, E.; Lourenco, M.; Fremaut, D.; De Smet, S. Effect of grazing pastures of different
botanical composition on antioxidant enzyme activities and oxidative stability of lamb meat. Meat Sci. 2007,
75,737-745. [CrossRef] [PubMed]

Moura, L.V,; Oliveira, E.R.; Fernandes, A.R.M.; Gabriel, AM.A ; Silva, L.H.X,; Takiya, C.S.; Cénsolo, N.R.B.;
Rodrigues, G.C.G.; Lemos, T.; Gandra, ].R. Feed efficiency and carcass traits of feedlot lambs supplemented
either monensin or increasing doses of copaiba (Copaifera spp.) essential oil. Anim. Feed Sci. Technol. 2017,
232,110-118. [CrossRef]

Calsamiglia, S.; Busquet, M.; Cardozo, PW.; Castillejos, L.; Ferret, A. Invited Review: Essential Oils as
Modifiers of Rumen Microbial Fermentation. J. Dairy Sci. 2007, 90, 2580-2595. [CrossRef]

Ogunade, I.; Schweickart, H.; Andries, K.; Lay, J.; Adeyemi, ]J. Monensin Alters the Functional and
Metabolomic Profile of Rumen Microbiota in Beef Cattle. Animals 2018, 8, 211. [CrossRef] [PubMed]

Chao, S.C.; Young, D.G.; Oberg, C.J. Screening for Inhibitory Activity of Essential Oils on Selected Bacteria,
Fungi and Viruses. J. Essent. Oil Res. 2000, 12, 639-649. [CrossRef]

Cox, S.D.; Mann, C.M.; Markham, J.L.; Gustafson, J.E.; Warmington, J.R.; Wyllie, S.G. Determining the
antimicrobial actions of tea tree oil. Molecules 2001, 6, 87-91. [CrossRef]

Nazzaro, F,; Fratianni, F.; De Martino, L.; Coppola, R.; De Feo, V. Effect of essential oils on pathogenic bacteria.
Pharmaceuticals 2013, 6, 1451-1474. [CrossRef]

Helander, I.M.; Alakomi, H.-L.; Latva-Kala, K.; Mattila-Sandholm, T.; Pol, I.; Smid, E.J.; Gorris, L.G.M.;
von Wright, A. Characterization of the Action of Selected Essential Oil Components on Gram-Negative
Bacteria. J. Agric. Food Chem. 1998, 46, 3590-3595. [CrossRef]

Castro-Montoya, ].M.; Makkar, H.P.S.; Becker, K. Effects of monensin on the chemical composition of the
liquid associated microbial fraction in an in vitro rumen fermentation system. Livest. Sci. 2012, 150, 414-418.
[CrossRef]

Boucqué, C.V,; Fiems, L.O.; Cottyn, B.G.; Casteels, M.; Buysse, F.X. Monensin-sodium as a performance-
promoting additive for fattening bulls and its impact on carcass and meat quality characteristics. Anim. Feed
Sci. Technol. 1982, 7, 401-410. [CrossRef]

Smith, S.B.; Kawachi, H.; Choi, C.B.; Choi, C.W.; Wu, G.; Sawyer, ].E. Cellular regulation of bovine intramuscular
adipose tissue development and composition. J. Anim. Sci. 2009, 87, 72-82. [CrossRef] [PubMed]

Russell, ].B.; Strobel, H.J. Effect of ionophores on ruminal fermentation. Appl. Environ. Microbiol. 1989,
55,1-6. [CrossRef]

Isabel Osorio-Teran, A.; David Mendoza-Martinez, G.; Alberto Miranda-Romero, L.; Martinez-Gomez, D.;
Abel Hernandez-Garcia, P.; Antonio Martinez-Garcia, J.; Brasileira de Zootecnia, R. Effect of calcium
propionate and monensin on in vitro digestibility and gas production. Brazilian . Anim. Sci. 2017, 46,
348-353. [CrossRef]

Wood, ].D.; Enser, M; Fisher, A.V,; Nute, G.R.; Sheard, PR.; Richardson, R.I.; Hughes, S.I.; Whittington, EM.
Fat deposition, fatty acid composition and meat quality: A review. Meat Sci. 2008, 78, 343-358. [CrossRef]
Wood, ].D.; Nute, G.R.; Richardson, R.I.; Whittington, EM.; Southwood, O.; Plastow, G.; Mansbridge, R.;
Da Costa, N.; Chang, K.C. Effects of breed, diet and muscle on fat deposition and eating quality in pigs.
Meat Sci. 2004, 67, 651-667. [CrossRef]

Ladeira, M.M.; Santarosa, L.C.; Chizzotti, M.L.; Ramos, E.M.; Machado Neto, O.R.; Oliveira, D.M.;
Carvalho, J.R.R.; Lopes, L.S.; Ribeiro, ].S. Fatty acid profile, color and lipid oxidation of meat from
young bulls fed ground soybean or rumen protected fat with or without monensin. Meat Sci. 2014, 96,
597-605. [CrossRef]

Daley, C.; Abbott, A.; Doyle, P.; Nader, G.; Larson, S. A review of fatty acid profiles and antioxidant content
in grass-fed and grain-fed beef. Nutr. J. 2010, 9. [CrossRef]

Silva, D.C.; Santos, G.T.; Branco, A.E.; Damasceno, ].C.; Kazama, R.; Matsushita, M.; Horst, J.A.; Santos, W.B.R.;
Petit, H.V. Production performance and milk composition of dairy cows fed whole or ground flaxseed with
or without monensin. J. Dairy Sci. 2007, 90, 2928-2936. [CrossRef]

Parvar, R.; Ghoorchi, T.; Kashfi, H.; Parvar, K. Effect of Ferulago angulata (Chavil) essential oil supplementation
on lamb growth performance and meat quality characteristics. Small Rumin. Res. 2018, 167, 48-54. [CrossRef]


http://dx.doi.org/10.3382/ps.2012-02685
http://www.ncbi.nlm.nih.gov/pubmed/23873553
http://dx.doi.org/10.1016/j.meatsci.2006.10.010
http://www.ncbi.nlm.nih.gov/pubmed/22064039
http://dx.doi.org/10.1016/j.anifeedsci.2017.08.006
http://dx.doi.org/10.3168/jds.2006-644
http://dx.doi.org/10.3390/ani8110211
http://www.ncbi.nlm.nih.gov/pubmed/30453603
http://dx.doi.org/10.1080/10412905.2000.9712177
http://dx.doi.org/10.3390/60100087
http://dx.doi.org/10.3390/ph6121451
http://dx.doi.org/10.1021/jf980154m
http://dx.doi.org/10.1016/j.livsci.2012.09.026
http://dx.doi.org/10.1016/0377-8401(82)90009-8
http://dx.doi.org/10.2527/jas.2008-1340
http://www.ncbi.nlm.nih.gov/pubmed/18997081
http://dx.doi.org/10.1128/AEM.55.1.1-6.1989
http://dx.doi.org/10.1590/s1806-92902017000400011
http://dx.doi.org/10.1016/j.meatsci.2007.07.019
http://dx.doi.org/10.1016/j.meatsci.2004.01.007
http://dx.doi.org/10.1016/j.meatsci.2013.04.062
http://dx.doi.org/10.1186/1475-2891-9-10
http://dx.doi.org/10.3168/jds.2006-573
http://dx.doi.org/10.1016/j.smallrumres.2018.07.026

Antibiotics 2020, 9, 248 18 of 18

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.
105.

Davila-Ramirez, J.L.; Avendafio-Reyes, L.; Maclas-Cruz, U.; Pefia-Ramos, E.A.; Islava-Lagarda, T.Y,;
Zamorano-Garcia, L.; Valenzuela-Melendres, M.; Camou, J.P.; Gonzalez-Rios, H. Fatty acid composition
and physicochemical and sensory characteristics of meat from ewe lambs supplemented with zilpaterol
hydrochloride and soybean oil. Anim. Prod. Sci. 2017, 57, 767-777. [CrossRef]

Committee on the Nutrient Requirements of Small Ruminants, National Research Council. Nutrient Requirements
of Small Ruminants: Sheep, Goats, Cervids, and New World Camelids; The National Academies Press: Washington,
DC, USA, 2007.

Tarladgis, B.; Watts, B.; Younathan, M.; Dugan, L. A distillation method for the quantitative determination of
malonaldehyde in rancid foods. J. Am. Oil Chem. Soc. 1960, 37, 44—48. [CrossRef]

American Meat Science Association. Research Guidelines for Cookery, Sensory Evaluation, and Instrumental
Tenderness Measurements of Meat; AMSC: Champaign, IL, USA, 2016.

Segars, R.A.; Hamel, R.G.; Kapsalis, ].G.; Klutter, R.A. A punch and die test cell for determining the textural
qualities of meat. J. Texture Stud. 1975, 6, 211-225. [CrossRef]

Jones, R.C.; Dransfield, E.; Robinson, ].M.; Crosland, A.R. Correlation of mechanical properties, composition
and perceived texture of beefburgers. J. Texture Stud. 1985, 16, 241-262. [CrossRef]

Roufs, J.A.J. Light as a True Visual Quantity: Principles of Measurement; Commission Internationale de I'Eclairage:
Paris, France, 1978.

Bligh, E.G.; Dyer, W.]J. A rapid method of total lipid extraction and purification. Can. J. Biochem. Physiol.
1959, 37, 911-917. [CrossRef] [PubMed]

Jensen, S.K. Improved Bligh and Dyer extraction procedure. Lipid Technol. 2008, 20, 280-281. [CrossRef]
AOAC Official Methods of Analysis; Association of Official Analytical Chemists: Washington, DC, USA, 1995.
R Team Core. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing:
Vienna, Austria, 2018.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1071/AN15311
http://dx.doi.org/10.1007/BF02630824
http://dx.doi.org/10.1111/j.1745-4603.1975.tb01249.x
http://dx.doi.org/10.1111/j.1745-4603.1985.tb00694.x
http://dx.doi.org/10.1139/o59-099
http://www.ncbi.nlm.nih.gov/pubmed/13671378
http://dx.doi.org/10.1002/lite.200800074
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Lipid Oxidation 
	Compression Strength 
	Colour 
	Fatty Acid Profile 

	Discussion 
	Lipid Oxidation 
	Compression Strength 
	Colour 
	Fatty Acid Profile 

	Materials and Methods 
	Animal Handling and Treatment Description 
	Lipid Oxidation 
	Compression Strenght Analysis 
	Colour 
	Fatty Acids (FA) Profile Analysis 
	Analysis of Data 

	Conclusions 
	References

