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Abstract

The effect of dietary oregano essential oil supplementation on lamb meat characteristics was investigated. Eight male and eight female
Chios lambs were divided into two equal groups. The first group was fed with the control diet consisting of concentrated feed and alfalfa
hay, whereas the second group consumed the same diet, the only difference being that the concentrated feed was uniformly sprayed with
oregano essential oil (1 ml/kg). Duration of the experimental period was two months.

No differences were observed after oregano essential oil supplementation in final body weight (kg), body weight gain (g) and carcass
yield (%). Tenderness of longissimus thoracis muscle, expressed as sarcomere length and shear force value, was not influenced by the treat-
ment, whereas pH and colour parameters (yellowness—redness) appeared to increase (P < 0.05). Moreover, results showed that dietary
incorporation of oregano essential oil exerted strong antioxidant effects retarding lipid oxidation (MDA formation) in meat during

refrigerated and long-term frozen storage (P < 0.001).
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Plant extracts have demonstrated an antimicrobial effect
in vitro, but their influence on growth performance of farm
animal species has not yet been sufficiently documented
(Burt, 2004). During the last decade, considerable interest
has arisen in the use of natural antioxidants that would
serve as alternatives to synthetic supplements with the
intention to improve meat quality, without leaving residues
in the product or the environment (Yanishlieva-Maslarova,
2001).

Oregano (Origanum vulgare L.) is an aromatic plant
with a wide distribution throughout the Mediterranean
area (Kokkini, Karousou, Hanlidou, & Lanaras, 2004).
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The essential oil of oregano mainly consists of carvacrol,
thymol, and their precursors, y-terpinene and p-cymene.
It possesses intense antimicrobial (Dorman & Deans,
2000), antifungal (Daouk, Dagher, & Sattout, 1995) and
antioxidant (Cervato et al., 2000) properties and contains
molecules that have intrinsic bioactivities on animal physi-
ology and metabolism. Oregano action is mainly attributed
to carvacrol and thymol, substances that make the bacte-
rial cell membrane permeable (Lambert, Skandamis,
Coote, & Nychas, 2001) and react with lipid and hydroxyl
radicals converting them into stable products (Yanishlieva-
Maslarova, 2001).

Oregano has already been used with the intention to
improve the quality and quantity of animal products. It
appears to improve growth performance in pigs (Namkung
et al., 2004), but the results in poultry are controversial.
Although, oregano dietary supplementation improves
growth performance of broiler chickens in some cases
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(Giannenas, Florou-Paneri, Botsoglou, Christaki, & Spais,
2005), there are studies which demonstrate no effect of
oregano on growth characteristics (Botsoglou, Christaki
et al., 2004).

Furthermore, oregano improves meat storage stability
after slaughter in poultry (Botsoglou, Govaris, Botsoglou,
Grigoropoulou, & Papageorgiou, 2003) and rabbits (Bot-
soglou, Florou-Paneri, Christaki, Giannenas, & Spais,
2004), protects against the negative effects of stress on
chicken meat quality characteristics (Young, Stagsted, Jen-
sen, Karlsson, & Henckel, 2003) and reduces wastes and
odour emissions in intensive farming (Varel, 2002).

Information related to oregano growth promoting
effects when added to sheep diets is scarce (Bampidis
et al., 2005). The objectives of this study were to illustrate
oregano essential oil action on lamb meat characteristics
and evaluate oregano oils ability to stimulate lamb perfor-
mance when used as a feed supplement.

2. Materials and methods
2.1. Chemicals

Glutaraldeyde, butylated hydroxytoluene, 2-thiobarbi-
turic acid and 1,1,3,3-tetracthoxypropane, the precursor
of malondialdeyde were obtained from Sigma Chemical
Co. (St. Louis, MO). Hexane and trichloroacetic acid were
from Merck (Darmstadt, Germany). All chemicals used
were of analytical grade. Oregano essential oil was pro-
duced by Ecopharm Hellas, SA (Kilkis, Greece).

2.2. Animals and diets

Eight male and 8 female Chios lambs with an average
initial body weight of 59.50 & 5.45 and 31.90 + 4.65 kg,
respectively, were used. Lambs were 7 months old at the
beginning of the experiment and they were divided into
two equal groups, according to their sex and body weight.
Water was available ad libitum and feed, composed of con-
centrated pelleted feed (Nitsiakos Th., SA, loannina,
Greece) and alfalfa hay (Table 1), was given once daily at
7:00 a.m to both groups before experiment implementa-
tion. During the experimental period, which started in
October and finished after 2 months, the first group was
fed the above control diet and the second group consumed
the same diet, with the only difference that concentrated
feed was uniformly sprayed with oregano essential oil
(1 ml/kg).

Oregano essential oil used in the present study was
stored in a stainless sealed container, appropriate for vola-
tile compounds (1 1). It had a clear dark yellow colour and
a herbal, spicy, pungent odour, characteristic of oregano.
Samples of oregano oil were analyzed using a gas chroma-
tography—mass spectrometry system (GC-14A, MS-
QP2000). Gas chromatography was performed on a Shima-
dzu 14A GC equipped with flame ionization detector (FID)
and connected with a PC workstation appropriate for gas

Table 1

Composition and analysis of diets

Components (g/kg) Control® Oregano®
Maize 740.6 740.6
Sunflower meal 69.9 69.9
Soybean meal 27.2 27.2
Rice bran 50.0 50.0
Calcium phosphate 25.2 25.2
limestone 18.0 18.0
Molasse 60.0 60.0
Salt 5.0 5.0
Vitamins & trace elements® 4.0 4.0
Oregano essential oil (ml/kg) - 1.0
Analysis® Control diet Alfalfa hay
Dry Matter — DM (%) 89 88
Net Energy — NE (MJ/ kg) 7 4
Crude protein — CP (%) 10 17
NDF (%) 13 45
ADF (%) 6 30
Ash (%) 7 10
Calcium (%) 1 -
Phosphorus (%) 1 -

2> Control group was fed with a diet consisted of the above concentrated
feed and alfalfa hay, whereas the oregano group consumed the same diet,
with the only difference that concentrated feed was uniformly sprayed with
oregano essential oil (1 ml/kg).

¢ Vitamins & Trace elements contained per kg basal ration: 100 mg Mn,
108 mg Zn, 90 mg Fe, 4.5mg I, 0.2 mg Se, 0.675 mg Co, 12600 KIU of
vitamin A, 2520 KIU of vitamin D3 and 27 mg of vitamin E.

4 According to AOAC (1990) and Van Soest, Robertson, and Lewis
(1991).

chromatography. GC operating conditions were: column
(Supercowax 10), column temperature programmed at
70 °C isothermal for 10 min, then increased to 180 °C at
a rate of 2°Cmin~', carrier gas helium, flow rate
1 ml min "', injector temperature 240 °C. Mass Spectrome-
try performed by a Shimadzu QP2000 Spectrometer with
working conditions: ionization voltage 70 eV, ion source
temperature 240 °C. Oregano essential oil main compo-
nents were (%): carvacrol (83.10), thymol (2.10), y-terpin-
ene (3.97), p-cymene (3.79) and B-caryophyllene (0.93).

Lambs of each group were kept together in identical
pens, placed with the same direction and orientation, the
same covered area (2 m?/lamb) and equipped with similar
troughs for feeding. Animals were individually fed, twice
per day; ram and ewe lambs were fed 750 g and 600 g of
mixture of concentrated feed and 600 g and 500 g of alfalfa
hay per day, respectively. Lambs were weighed in the
beginning and at the end of the experiment.

The preparation of oregano supplemented diet was
carried out every 5 days, throughout the experimental per-
iod. In detail, a quantity of concentrated feed (30 kg)
placed in a plastic container, was sprayed gradually with
oregano essential oil (1 ml/kg). Feed was continuously
mixed during spraying, with the intention to obtain a uni-
form distribution of the essential oil. After the application
of the essential oil, container was sealed firmly so as to min-
imize the evaporation of volatile compounds. The size of
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container was 0.125m® (length x width x height: 0.5 m x
0.5 m x 0.5 m). The prepared quantity of feed was chosen
by taking into account the nutritional needs of the oregano
group of lambs for 5 days. At the end of the fifth day, after
the utilization of oregano supplemented feed, the container
was cleaned of feed remains and the procedure of feed
preparation was repeated.

At the end of the experiment, sheep were fasted for 18 h
(water was allowed), weighed and slaughtered. After dress-
ing and refrigerated storage for 24 h at 4 °C, carcasses were
weighed and sectioned longitudinally into two symmetric
halves. Each carcass consisted of the following joints: legs,
chumps, loins, anterior loins, ribs, anterior ribs, shoulders,
breast and neck.

The longissimus dorsi muscle thoracic region (6th—13th
rib) was then excised and used for the analyses. pH, colour
parameters, tenderness and sarcomere length were directly
measured. Measurement of lipid oxidation was imple-
mented on days 0, 3, 6 and 9 and 0, 1, 2, 3 and 4 months
after storage at 4 °C and —20 °C, respectively. All animals
used in the experiment were cared for according to applica-
ble recommendations of US National Research Council
(NRC, 1996).

2.3. Meat quality measurements

2.3.1. pH 24 and colour

Prior to testing, as it has already been pointed out, mus-
cle samples (2 per lamb) were kept at 4 °C for 24 h. pH of
longissimus thoracis was measured using a Sentron 1001 pH
System (Roden, Netherlands) model, with the electrode
inserted into the muscles. The part of longissimus thoracis
muscle between 12th and 13th ribs was sliced across the
fibers, left exposed to the air at room temperature for
30 min and meat colour measured on the cut surface using
a Miniscan XE (HunterLab, Reston, USA) chromameter
set on the L*, a*, b* system (CIE 1976, Commission Inter-
national de I’ Eclairage).

2.3.2. Shear force value

Samples (80 + 2 g) of longissimus thoracis muscle from
each lamb were placed in plastic bags and cooked in a
water bath at 80 °C for 1 h, left under running water for
30 min and then placed in a refrigerator at about 4 °C for
24 h. Five sub samples with a cross section of 1cm?
were cut parallel to the muscle fibers and shear force
value of the longissimus thoracis muscle was measured
using a Warner Bratzler (WB) shear blade fitted to a
Zwick Testing Machine Model Z2.5/TN1 S (Zwick GmbH
& Co, Germany). Peak force values in Newtons were
recorded.

2.3.3. Sarcomere length

The determination of sarcomere length was conducted
according to Herring, Cassens, and Briskey (1965). Lon-
gissimus thoracis muscle samples (5 per lamb) were cut into
pieces, so that their myofibrils were exposed. Thereafter,

samples were soaked in 25% glutaraldeyde solution, diluted
with distilled water (1:10), for about an hour. Single fibers
were teased out and their observation took place with a
phase-contrast microscope equipped with an ocular
micrometer. Sarcomere length was determined as an aver-
age of 30 myofibrils.

2.3.4. Measurement of lipid oxidation — MDA assay

Lipid oxidation was assessed on the basis of the mal-
ondialdeyde (MDA) formed during storage. MDA is the
most frequently used indicator of lipid peroxidation, even
in plasma as biomarker for oxidative stress (Nielsen, Mik-
kelsen, Nielsen, Andersen, & Grandjean, 1997). In the pres-
ent study, MDA in longissimus thoracis muscle was
determined by a selective third-order derivative spectro-
photometric method previously developed by Botsoglou
et al. (1994). In brief, 2 g of each sample (2 samples per
lamb) were homogenized (Edmund Buehler 7400 Tuebin-
gen/H04, Germany) in the presence of 8 ml aqueous tri-
chloroacetic acid (TCA) (50 g/l) and 5ml butylated
hydroxytoluene (BHT) in hexane (8 g/l), and the mixture
was centrifuged for 3 min at 3000g. The top hexane layer
was discarded and a 2.5 ml aliquot from the bottom layer
was mixed with 1.5ml aqueous 2-thiobarbituric acid
(TBA) (8 g/]) to be further incubated at 70 °C for 30 min.
Following incubation, the mixture was cooled under tap
water and submitted to third-order derivative (3D) spectro-
photometry (model Unicam HeAios Alpha & Beta, Spec-
tronic Unicam EMEA, United Kingdom) in the range of
500-550 nm. The concentration of MDA (ng/g wet tissue)
in analyzed samples was calculated on the basis of the
height of the third-order derivative peak at 522 nm by
referring to slope and intercept data of the computed
least-squares fit of a standard calibration curve prepared
using 1,1,3,3-tetracthoxypropane (TEP), the malondialde-
hyde precursor. Derivative as opposed to conventional
spectrophotometry was adopted because it offers improved
sensitivity, specificity and reliability of the measurements,
since it eliminates potential interferences from other reac-
tive compounds.

2.4. Statistical analysis

Body weight (BW), carcass yield, body weight gain
(BWG), and meat quality characteristics, such as pH, col-
our parameters (L*, a*, b*), Warner Bratzler shear force
measurements and sarcomere length for the longissimus
thoracis muscle were analyzed using a general linear model
(GLM) procedure which contained the fixed effects of sex,
nutritional treatment and the interaction between sex and
nutritional treatment.

Malondialdeyde (MDA) was also analyzed using a gen-
eral linear model (GLM) appropriate for repeated mea-
surements per subject, which included the effects of sex,
nutritional treatment and the interaction between sex and
nutritional treatment as fixed effects. All model analyses
were performed by Sas/Stat (2005).
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3. Results and discussion
3.1. Feed intake

Feed intake was not influenced by dietary oregano
essential oil supplementation, apart from the first 2-3 days,
when the group of lambs fed with the oregano essential oil
supplemented diet appeared to eat smaller quantities of
feed compared to the control group of lambs. As has
already been pointed out, ram and ewe lambs consumed
750 g and 600 g of mixture of concentrated feed and
600 g and 500 g of alfalfa hay per day, respectively.

The chosen level of oregano essential oil supplementa-
tion (1 ml/kg) did not depress feed preference and palat-
ability, and at the same time animals did not suffer
aversive post-ingestive effects (Villalba & Provenza, 1997).
Moreover, it seems that ruminal flora of lambs needs 2-3
days to get accustomed to the novel oregano essential oil
supplemented diet (Simitzis, Feggeros, Bizelis, & Deligeor-
gis, 2005).

In poultry, results are controversial. Hernandez,
Madrid, Garcia, Orengo, and Megias (2004) stated that
there were no differences in feed intake after oregano
extract treatment; oregano seems to improve nutrient
digestibility. On the other hand, Cross, Acamovic, Deans,
and McDevitt (2002) found that oregano herb negatively
influenced feed intake but not body weight gain, in broilers.

3.2. Growing performance and carcass characteristics

No differences were observed in final body weight (BW)
(kg), carcass yield (%) and BW gain (g) after dietary oreg-
ano essential oil supplementation in lambs (Table 2). Sim-
ilar results have been reported by Bampidis et al. (2005),
who stated that diet supplementation with oregano leaves,
did not influence sheep growing performance, muscle tissue
growth and carcass characteristics. Although, components
of oregano extracts could control and limit the growth and
colonization of numerous pathogenic and nonpathogenic
species of bacteria in the gut (Bampidis et al., 2005), they
appeared not to have a growth promoting effect in lambs,

in the present study. Also no growth promotion after oreg-
ano supplementation was observed in broiler chickens
(Botsoglou, Christaki et al., 2004) and rabbits (Botsoglou,
Florou-Paneri et al., 2004). Moreover, Young et al. (2003)
demonstrated that chicken receiving an oregano supple-
ment had a significantly lower weight after slaughter but
did not eat significantly less feed.

3.3. pH24

As presented in Table 3, muscle pH increased (P < 0.05)
after dietary oregano essential oil incorporation in female
sheep. Higher muscle pH for lambs fed with the oregano
essential oil supplemented diet, might have reflected differ-
ent glycogen reserves pre-slaughter. Nutritional treatments
have been shown to influence muscle glycogen levels in cat-
tle (Tudor, Couper, & Pethick, 1996) and sheep (Shorthose,
1978). Differences may be related with an altered utilization
of dietary energy or a different reaction to the stress of
slaughter, due to the activity of specific muscle enzymes
(Hopkins, Hall, Channon, & Holsy, 2001). However, the
observed increase was not so great as to influence bacteri-
ological stability (Young, Reid, & Scales, 1993). In chick-
ens, oregano supplements incorporation in feed did not
affect pH values (Young et al., 2003).

Sex also influenced pH values (Table 4), since male
lambs had a higher value than females (P < 0.05). These
results are in agreement with previous studies (Johnson,
Purchas, McEwan, & Blair, 2005), although there are stud-
ies which demonstrate that pH values are not affected by
sex, suggesting that both sexes respond equally well to
stress at slaughter at these early ages in sheep (Teixeira,
Batista, Delfa, & Cadavez, 2005).

3.4. Colour

Values of a*and b" in longissimus thoracis muscle from
lambs fed with the oregano supplemented diet were higher
than the controls (Table 3), as it has also been observed in
chickens fed with oregano supplements (Young et al.,
2003). It is possible that dietary oregano essential oil

Table 2

Body weight (BW), body weight gain (BWG), carcass yield of lambs, as they are influenced by sex and oregano oil supplementation (LS means =+ s.e.m.)
Male Difference? Female Difference
Control® Oregano® Control Oregano

Initial BW (kg) 59.3 +£5.40 59.8 +5.50 NS 31.9+4.60 31.9+4.70 NS

BWG (g/day) 92.6 +12.90 95.7+11.80 NS 78.7+12.10 85.3+12.90 NS

Fasted BW (kg) 64.8 +4.60 65.8 £4.70 NS 36.5+3.75 37.0 £3.80 NS

Hot carcass weight (kg)° 30.6 +2.40 31.1 +£2.45 NS 17.8 +3.43 17.9 +£3.48 NS

Carcass yield (%) 47.6 £1.34 472 +1.27 NS 48.8 £1.52 483 +£1.49 NS

2> Ram and ewe lambs were fed 750 g and 600 g of concentrated feed and 600 g and 500 g of alfalfa hay per day, respectively. Control group was fed with
a diet consisted of concentrated feed and alfalfa hay, whereas the oregano group consumed the same diet, with the only difference that concentrated feed
was uniformly sprayed with oregano essential oil (1 ml/kg). Number of lambs per treatment is 4 males and 4 females.

¢ Carcass consisted of legs, chumps, loins, ribs, anterior ribs, shoulders, breast and neck.

4 NS - not significant.
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Table 3

Meat quality characteristics (pH, colour, sarcomere length and shear force values) as they are influenced by oregano oil dietary supplementation (LS
means =+ s.e.m.)

Male Female
Control* Oregano® Control Oregano
pH 5.8 +0.06° 5.9 £0.09° 5.540.05¢ 5.6 +£0.03°
Colour
L 48.8 £3.54 50.3 +5.48 42.1 £3.16 46.3 £ 1.69
a” 11.3+0.67° 12.6 + 0.65¢ 13.1 +0.69¢ 14.4 +0.62°
b* 6.1 £0.21° 6.5+0.21¢ 6.6 +0.21¢ 7.2+0.23¢
Sarcomere length (pm) 1.7 £0.05 1.8 +0.05 1.8 £0.04 1.7 +£0.04
Shear force (N) 53.9+3.5 49.7+5.45 439 +3.14 40.2 £ 1.68

&> Control group was fed with a diet consisted of concentrated feed and alfalfa hay, whereas the oregano group consumed the same diet, with the only
difference that concentrated feed was uniformly sprayed with oregano essential oil (1 ml/kg). Number of lambs per treatment is 4 males and 4 females.

ede Rates within a row with different superscripts are significantly different (P < 0.05).

Table 4

Effect of refrigerated (at 4 °C) and long-term frozen (at —20 °C) storage (LS means =+ s.e.m.) on lipid oxidation of raw sheep longissimus thoracis muscle as
a function of oregano oil dietary concentrated feed supplementation with 1 ml/kg feed

MDA (ng/g) Male Female

Control® Oregano® Control Oregano
Storage period (days, at 4°C)
0 28.0 + 1.80° 20.5 + 1.90¢ 29.2 +1.72° 20.0 + 1.63¢
3 57.1 +2.38° 28.0 + 2.50¢ 60.2 +2.26° 30.8 + 2.14¢
6 82.3 +2.77° 56.9 +2.924 65.5 + 2.64¢ 40.5 + 2.50°
9 247.4 £ 6.17° 102.6 + 6.49¢ 245.0 + 5.88° 96.6 + 5.56¢
Storage period (months, at —20 °C)
0 28.0 + 1.80° 20.5 +1.90¢ 29.2 +1.72¢ 20.0 + 1.63¢
1 30.0 + 1.66° 21.0 + 1.74¢ 32.0 +1.58° 21.9 + 1.49¢
2 33.6 £ 1.60° 21.5+ 1.67¢ 37.24+1.53¢ 24.1 +1.44¢
3 353+ 1.87° 22.5+1.97¢ 42.7+1.78° 27.2 + 1.68¢
4 42.0 +2.25° 242 +237¢ 48.8 +£2.15° 33.0 £2.03¢

2> Control group was fed with a diet consisted of concentrated feed and alfalfa hay, whereas the oregano group consumed the same diet, with the only
difference that concentrated feed was uniformly sprayed with oregano essential oil (1 ml/kg). Number of lambs per treatment is 4 males and 4 females.
ede Rates within a row with different superscripts are significantly different (P < 0.001).

supplementation modifies indirectly meat colour, probably
by decreasing haemoglobin oxidation and activating
mechanisms that modify pigment distribution in animal
tissues.

Colour parameters were also different between ram and
ewe lambs (Table 3). Males tended to have brighter meat
than females (P < 0.05), since ewe’s meat could be darker
than rams’ (Teixeira et al., 2005), due to their greater pre-
cociousness and fatness (Sanudo, Sanchez, & Alfonso,
1998). At the same time, ewe lambs appear to have higher
a” and b” values in relation to ram lambs, as also reported
by Johnson et al. (2005), revealing the increased levels of
haem pigment in ewe lambs (Ledward & Shorthose,
1971). However, there are previous studies that indicated
no differences in colour parameters (L, a*, b") existed
between sexes in sheep (Horcada, Beriain, Purroy, Lizaso,
& Chasco, 1998).

3.5. Shear force value and sarcomere length

Oregano essential oil supplementation did not influence
meat shear force values (Table 3). There is no evidence of

nutritional practices having a direct effect on meat
tenderness (Hopkins et al., 2001). At the same time, oreg-
ano essential oil treatment appeared not to have a signifi-
cant effect on sarcomere length (Table 3). Sarcomeres’
length is closely related with the diameter of muscle fibers
and shear force values (Devine, Wahlgren, & Tornberg,
1999). Several other factors influence drastically sarcomere
length: temperature (Devine et al., 2002), pH (McGeehin,
Sheridan, & Butter, 2001) and days after slaughter
(Wheeler & Koohmaraie, 1994).

No differences in shear force values and sarcomeres’
length were found between the sexes (Table 3), reflecting
no significant variation in the proportion of collagen at
the early stages of life. Many researchers have reached to
the same conclusions (Hopkins et al.,, 2001; Teixeira
et al., 2005). In contrast, some reports have demonstrated
that there are differences in tenderness between ewe and
ram meat; ram meat is found to be tougher than ewe meat
(Johnson et al., 2005) or the opposite (Dransfield, Nute,
Hogg, & Walters, 1990). Variation in the above results
could partially be attributed to the different type of muscle
examined or the effect of genotype of sheep.
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3.6. Lipid Oxidation

Refrigerated storage increased lipid oxidation in stored
(4 °C) compared to fresh meat (Table 4). However, dietary
oregano essential oil supplementation appeared to retard
significantly (P < 0.001) lipid oxidation (MDA formation)
in raw sheep longissimus thoracis after storage at 4 °C
and —20 °C (Table 4). No studies have been conducted,
concerning the effect of dietary oregano oil supplementa-
tion on lipid oxidation in ruminant meats. However, simi-
lar effects have been reported after storage at 4 °C and
—20 °C, in broilers (Botsoglou, Christaki, Fletouris, Flo-
rou-Paneri, & Spais, 2002; Giannenas et al., 2005), turkeys
(Govaris, Botsoglou, Papageorgiou, Botsoglou, & Amb-
rosiadis, 2004) and rabbits (Botsoglou, Florou-Paneri
et al., 2004). Retardation of lipid oxidation was also found
after dietary administration of rosemary and sage to broil-
ers (Lopez-Bote, Gray, Gomaa, & Flegal, 1998).

Sarraga and Regueiro (1999) found that broilers fed
with an antioxidant supplemented diet, had meat with a
lower degree of oxidation than that from broilers fed with
an unsupplemented basal diet. In general, dietary supple-
mentation has been proved to be a simple and convenient
strategy to uniformly introduce a natural antioxidant into
phospholipid membranes where it may effectively inhibit
the oxidative reactions at their localized sites (Lauridsen,
Buckley, & Morrissey, 1997). Oregano oil contains pheno-
lic antioxidants that react with lipid and hydroxyl radicals
and convert them into stable products (Jadhav, Nimbalkar,
Kulkarni, & Madhavi, 1996; Yanishlieva-Maslarova,
2001). This study provides indirect evidence that antioxi-
dant, presumably phenolic, compounds occurring in oreg-
ano essential oil are absorbed and enter the systemic
circulatory system after ingestion.

MDA concentrations were not different between males
and females during storage at 4 °C and —20 °C (Table 4).
MDA is produced as a result of unsaturated fatty acid oxi-
dation. Velasco et al. (2000) state that the differences in
overall carcass fatness due to sex are not reflected in differ-
ences in unsaturation of longissimus dorsi muscle fat. More-
over, the degree of fat unsaturation is similar in both sexes
at the early stages of lambs’ life (Horcada et al., 1998).

4. Conclusion

Natural feed supplements appear to be an alternative to
synthetic additives in animals’ diet. In the present experi-
ment, dietary oregano essential oil administration is posi-
tively influenced by meat quality characteristics, mainly
by retarding lipid oxidation. However, further study is
needed to elucidate its exact action and establish its regular
use in sheep husbandry.

Acknowledgements

The authors would like to thank Mr. N. Botsoglou for
his comments on the preparation of the manuscript. P.E.

Simitzis would also like to thank the Greek State Scholar-
ships Foundation for its support.

References

AOAC (Association of Official Analytical Chemists) (1990). Official
methods of analysis (15th ed.). Washington, DC, USA: Association of
Official Analytical Chemists.

Bampidis, V. A., Christodoulou, V., Florou-Paneri, P., Christaki, E.,
Spais, A. B., & Chatzopoulou, P. S. (2005). Effect of dietary dried
oregano leaves supplementation on performance and carcass charac-
teristics of growing lambs. Animal Feed Science and Technology, 121,
285-295.

Botsoglou, N. A., Christaki, E., Fletouris, D. J., Florou-Paneri, P., &
Spais, A. B. (2002). The effect of dietary oregano essential oil on lipid
oxidation in raw and cooked chicken during refrigerated storage. Meat
Science, 62, 259-265.

Botsoglou, N. A., Christaki, E., Florou-Paneri, P., Giannenas, I.,
Papageorgiou, G., & Spais, A. B. (2004). The effect of a mixture of
herbal essential oils or a-tocopheryl acetate on performance param-
eters and oxidation of body lipid in broilers. South Afiican Journal of
Animal Science, 34, 52-61.

Botsoglou, N. A., Fletouris, D. J., Papageorgiou, G. E., Vassilopoulos, V.
N., Mantis, A. J., & Trakatellis, A. G. (1994). A rapid, sensitive and
specific thiobarbituric acid method for measuring lipid peroxidation in
animal tissues, food and feedstuff samples. Journal of Agriculture and
Food Chemistry, 42, 1931-1937.

Botsoglou, N. A., Florou-Paneri, P., Christaki, E., Giannenas, 1., & Spais,
A. B. (2004). Performance of rabbits and oxidative stability of muscle
tissues as affected by dietary supplementation with oregano essential
oil. Archives of Animal Nutrition, 58, 209-218.

Botsoglou, N. A., Govaris, A., Botsoglou, E. N., Grigoropoulou, S. H., &
Papageorgiou, G. (2003). Antioxidant activity of dietary oregano
essential oil and alpha-tocopheryl acetate supplementation in long-
term frozen stored turkey meat. Journal of Agriculture and Food
Chemistry, 51, 2930-2936.

Burt, S. (2004). Essential oils: their antibacterial properties and potential
applications in foods — a review. International Journal of Food
Microbiology, 94, 223-253.

Cervato, G., Carabelli, M., Gervasio, S., Cittera, A., Cazzola, R., &
Cestaro, B. (2000). Antioxidant properties of oregano (Origanum
vulgare) leaf extracts. Journal of Food Biochemistry, 24, 453-465.

Cross, D. E., Acamovic, T., Deans, S. G., & McDevitt, R. M. (2002). The
effects of dietary inclusion of herbs and their volatile oils on the
performance of growing chickens. British Poultry Science, 43, S33-S35.

Daouk, R. K., Dagher, S. M., & Sattout, E. J. (1995). Antifungal activity
of the essential oil of Origanum syriacumL. Journal of Food Protection,
58, 1147-1149.

Devine, C. E., Payne, S. R., Peachey, B. M., Lowe, T. E., Ingram, J. R., &
Cook, C. J. (2002). High and low rigor temperature effects on sheep
meat tenderness and ageing. Meat Science, 60, 141-146.

Devine, C. E., Wahlgren, N. M., & Tornberg, E. (1999). Effect of rigor
temperature on muscle shortening and tenderisation of restrained and
unrestrained beef m. longissimus thoracicus et lumborum. Meat
Science, 51, 61-72.

Dorman, H. J. D., & Deans, S. G. (2000). Antimicrobial agents from
plants: antibacterial activity of plant volatile oils. Journal of Applied
Microbiology, 88, 308-316.

Dransfield, E., Nute, G. R., Hogg, B. W., & Walters, B. R. (1990). Carcass
and eating quality of ram, castrated ram and ewe lambs. Animal
Production, 50, 291-299.

Giannenas, 1. A., Florou-Paneri, P., Botsoglou, N. A., Christaki, E., &
Spais, A. B. (2005). Effect of supplementing feed with oregano and/or
a-tocopheryl acetate on growth of broiler chickens and oxidative
stability of meat. Journal of Animal and Feed Sciences, 14, 521-535.

Govaris, A., Botsoglou, N., Papageorgiou, G., Botsoglou, E., &
Ambrosiadis, 1. (2004). Dietary versus post-mortem use of oregano



P.E. Simitzis et al. | Meat Science 79 (2008) 217-223 223

oil and/or a-tocopherol in turkeys to inhibit development of lipid
oxidation in meat during refrigerated storage. International Journal of
Food Sciences and Nutrition, 55, 115-123.

Hernandez, F., Madrid, J., Garcia, V., Orengo, J., & Megias, M. D.
(2004). Influence of two plant extracts on broilers performance,
digestibility and digestive organ size. Poultry Science, 83, 169-174.

Herring, H. K., Cassens, R. G., & Briskey, E. J. (1965). Further studies on
bovine muscle tenderness as influenced by carcass position, sarcomere
length and fiber diameter. Journal of Food Science, 30, 1049-1054.

Hopkins, D. L., Hall, D. G., Channon, H. A., & Holsy, P. J. (2001). Meat
quality of mixed sex lambs grazing pasture and supplemented with
roughage, oats or oats and sunflower meal. Meat Science, 59, 277-283.

Horcada, A., Beriain, M. J., Purroy, A., Lizaso, G., & Chasco, J. (1998).
Effect of sex on meat quality of Spanish lamb breeds (Lacha and Rasa
Aragonesa). Animal Science, 67, 541-547.

Jadhav, S. J., Nimbalkar, S. S., Kulkarni, A. D., & Madhavi, D. L. (1996).
Role of antioxidants in inhibiting lipid peroxidation. In D. L.
Madhavi, S. S. Deshpande, & D. K. Salunkhe (Eds.), Food antioxi-
dants. technological, toxicological and health perspectives (pp. 41-53).
New York, USA: Marcel Dekker, Inc..

Johnson, P. L., Purchas, R. W., McEwan, J. C., & Blair, H. T. (2005).
Carcass composition and meat qualities differences between pasture-
reared ewe and ram lambs. Meat Science, 71, 383-391.

Kokkini, S., Karousou, R., Hanlidou, E., & Lanaras, T. (2004). Essential
oil composition of Greek (Origanum vulgare ssp hirtum) and Turkish
(O-onites) oregano: A tool for their distinction. Journal of Essential Oil
Research, 16, 334-338.

Lambert, R. J. W., Skandamis, P. N., Coote, P. J., & Nychas, G. J. E.
(2001). A study of the minimum inhibitory concentration and mode of
action of oregano essential oil, thymol and carvacrol. Journal of
Applied Microbiology, 91, 453-462.

Lauridsen, C., Buckley, D. J., & Morrissey, P. A. (1997). Influence of
dietary fat and vitamin E supplementation on alpha-tocopherol levels
and fatty acid profiles in chicken muscle membranal fractions and on
susceptibility to lipid peroxidation. Meat Science, 46, 9-22.

Ledward, D. A., & Shorthose, W. R. (1971). A note on the haem pigment
concentration of lamb as influenced by age and sex. Animal Production,
13, 193-195.

Lopez-Bote, C. J., Gray, J. I., Gomaa, E. A., & Flegal, C. J. (1998). Effect
of dietary administration of oil extracts from rosemary and sage on
lipid oxidation in broiler meat. British Poultry Science, 39, 235-240.

McGeehin, B., Sheridan, J. J., & Butter, F. (2001). Factors affecting the
pH decline in lamb after slaughter. Meat Science, 58, 79-84.

Namkung, H., Li, M., Gong, J., Yu, H., Cottrill, M., & de Lange, C. F.
M. (2004). Impact of feeding blends of organic acids and herbal
extracts on growth performance, gut microbiota and digestive function
in newly weaned pigs. Canadian Journal of Animal Science, 84,
697-704.

National Research Council (1996). Guide for the care and use of laboratory
animals. Washington, DC, USA: National Academy Press.

Nielsen, F., Mikkelsen, B. B., Nielsen, J. B., Andersen, H. R., &
Grandjean, P. (1997). Plasma malondialdeyde as biomarker for
oxidative stress: reference interval and effects of life-style factors.
Clinical Chemistry, 43, 1209-1214.

Sanudo, C., Sanchez, A., & Alfonso, M. (1998). Small ruminant
production systems and factors affecting lamb meat quality. Meat
Science, 49, S29-S64.

Sarraga, C., & Regueiro, J. A. (1999). Membrane lipid oxidation and
proteolytic activity in thigh muscles from broilers fed different diets.
Meat Science, 52, 213-219.

Sas/Stat, 2005. Statistical Analysis Systems User’s Guide, Version 9.1.3.
SAS Institute Inc., Cary, NC, USA.

Shorthose, W. R. (1978). Effects of level of feeding, pre-slaughter stress
and method of slaughter on postmortem glycolysis of sheep muscles.
Meat Science, 2, 189-198.

Simitzis, P. E., Feggeros, K., Bizelis, J. A., & Deligeorgis, S. G. (2005).
Behavioural reaction to essential oils dietary supplementation in sheep.
Biotechnology in Animal Husbandry, 21, 97-103.

Teixeira, A., Batista, S., Delfa, R., & Cadavez, V. (2005). Lamb meat
quality of two breeds with protected origin designation. Influence of
breed, sex and live weight. Meat Science, 71, 530-536.

Tudor, G. D., Couper, F. J., & Pethick, D. W. (1996). Effect of silage diet
on glycogen concentration in the muscle og yearling cattle. Proceedings
Australian Society of Animal Production, 21, 451.

Van Soest, P. J., Robertson, J. B., & Lewis, B. A. (1991). Methods for
dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition. Journal of Dairy Science, 74, 3583-3597.

Varel, V. H. (2002). Carvacrol and thymol reduce swine waste odor and
pathogens: Stability of oils. Current Microbiology, 44, 38-43.

Velasco, S., Lauzurica, S., Caneque, V., Perez, C., Ruiz De Huidobro, F.,
Manzanares, C., et al. (2000). Carcass and meat quality of Talaverana
breed sucking lambs in relation to gender and slaughter weight. Animal
Science, 70, 253-263.

Villalba, J. J., & Provenza, F. D. (1997). Preference for wheat straw by
lambs conditioned with intraruminal infusions of starch. British
Journal of Nutrition, 77, 287-297.

Wheeler, T. L., & Koohmaraie, M. (1994). Prerigor and postrigor changes
in tenderness of ovine longissimus muscle. Journal of Animal Science,
72, 1232-1238.

Yanishlieva-Maslarova, N. V. (2001). Inhibiting oxidation. In J. Pokorny,
N. Yanishlieva, & M. Gordon (Eds.), Antioxidants in food. Practical
applications (pp. 22-70). Cambridge, England: Woodhead Publishing
Limited, CRC Press.

Young, O. A., Reid, D. H., & Scales, G. H. (1993). Effect of breed and
ultimate pH on the odor and flavor of sheep meat. New Zealand
Journal of Agricultural Research, 36, 363-370.

Young, J. F., Stagsted, J., Jensen, S. K., Karlsson, A. H., & Henckel, P.
(2003). Ascorbic acid, a-tocopherol and oregano supplements reduce
stress-induced deterioration of chicken meat quality. Poultry Science,
82, 1343-1351.



	Effect of dietary oregano oil supplementation on lamb meat characteristics
	Introduction
	Materials and methods
	Chemicals
	Animals and diets
	Meat quality measurements
	pH 24 and colour
	Shear force value
	Sarcomere length
	Measurement of lipid oxidation - MDA assay

	Statistical analysis

	Results and discussion
	Feed intake
	Growing performance and carcass characteristics
	pH24
	Colour
	Shear force value and sarcomere length
	Lipid Oxidation

	Conclusion
	Acknowledgements
	References


