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Abstract

The effects of dietary oregano essential oil and a-tocopheryl acetate supplementation on the susceptibility of raw and cooked
turkey breast and thigh meat to lipid oxidation during refrigerated storage for 9 days were examined. Thirty 12-week-old turkeys

were divided into five groups and fed a basal diet containing 30 mg a-tocopheryl acetate kg�1 feed as control, or basal diet plus 200
mg a-tocopheryl acetate kg�1, or basal diet plus 100 mg oregano oil kg�1, or basal diet plus 200 mg oregano oil kg�1, or basal diet
plus 100 mg oregano oil and 100 mg a-tocopheryl acetate kg�1, for 4 weeks prior to slaughter. Lipid oxidation was assessed by
monitoring malondialdehyde formation in raw and cooked meat at 0, 3, 6 and 9 days of refrigerated storage, through use of a third-

order derivative spectrophotometric method. Results showed that all dietary treatments significantly (P<0.05) increased the stabi-
lity of both raw and cooked turkey meat to lipid oxidation compared with the control. Oregano oil at 200 mg kg�1 was significantly
(P<0.05) more effective in delaying lipid oxidation compared to the level of 100 mg kg�1, equivalent to a-tocopheryl acetate at 200
mg kg�1, but inferior (P<0.05) to oregano oil plus a-tocopheryl acetate at 100 mg kg�1 each, which in turn was superior (P<0.05)
to all dietary treatments, indicating a synergistic effect. Thigh muscle was more susceptible to oxidation compared with breast
muscle in all treatments, although it contained a-tocopherol at significantly (P<0.05) higher levels.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Lipid oxidation is one of the major problems
encountered in meat processing, cooking, and refri-
gerated storage. It affects the quality of the product due
to loss of desirable colour, odour and flavour, and a
reduced shelf-life (Buckley, Morrissey, & Gray, 1995;
Maraschiello, Esteve, & Garcia-Regueiro, 1998; Ruiz,
Perez-Vendrell, & Esteve-Garcia, 1999). Lipid oxidation
in muscle foods is primarily initiated in the highly
unsaturated fatty acid fraction of membrane phospho-
lipids (Gray & Pearson, 1987).
Due to its relatively high content of polyunsaturated

fatty acids, poultry meat is particularly susceptible to
oxidative deterioration, with oxidation often determin-
ing the shelf life of pre-cooked, refrigerated ready-to-eat
products (Igene & Pearson, 1979). The susceptibility to
oxidative deterioration differs among poultry species
being higher for turkey meat compared with chicken
meat, although these two species present comparable
fatty acid compositions (Marusich, De Ritter, Ogrinz,
Keating, Mitrovic, & Bunnell, 1975). The difference has
been attributed primarily to the weaker ability of tur-
keys to store dietary tocopherol in their tissues com-
pared to chickens (Sklan, Bartov, & Hurwitz, 1982;
Wen, McCarthy, Higgins, Morrissey, Buckley, &
Sheehy, 1997). Within tissues, a-tocopherol is localized
in the highly unsaturated phospholipid bilayer of the
cell membranes where it inhibits lipid oxidation by
functioning as a free-radical scavenger. Hence, the anti-
oxidant capacity of poultry meat depends largely on the
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concentration of the contained a-tocopherol, which in
turn is dependent on the level of a-tocopheryl acetate
added in the diet (Machlin, 1991; Wen, McCarthy,
Higgins, Morrissey, Buckley, & Sheehy, 1997).
Apart from tocopherol, additional dietary natural

antioxidants such as extracts of rosemary and sage
(Lopez-Bote, Gray, Gomaa, & Flegal, 1998) or tea
catechins (Tang, Kerry, Sheeham, Buckley, & Morris-
sey, 2000, 2001) have also been shown to have the
potential to increase the antioxidant capacity of chicken
meat. In addition, dietary oregano essential oil has
recently been reported to be effective in improving the
oxidative stability of raw or precooked chicken meat
during refrigerated storage (Botsoglou, Christaki, Fle-
touris, Florou-Paneri, & Spais, 2002; Botsoglou,
Florou-Paneri, Christaki, Fletouris & Spais, 2002).
Dietary supplementation with herbs and herb extracts
proved to be a simple and convenient strategy to intro-
duce a natural antioxidant into chicken meat. However,
none of these alternative natural antioxidants has yet
been evaluated as a dietary supplement for turkeys.
The present study was designed to evaluate the effect

of dietary oregano essential oil and a-tocopheryl acetate
supplementation on the susceptibility of raw and
cooked turkey meat to lipid oxidation during refri-
gerated storage. Oregano, a spice obtained by drying
leaves and flowers of Origanum vulgare subsp. hirtum
plants, is well known for its antioxidative activity
(Economou, Oreopoulou, & Thomopoulos, 1991). The
dry leaves and flowers of oregano, its extracts with
organic solvents, and the essential oil have all been
reported to inhibit lipid oxidation when added in var-
ious food systems (Abdalla & Roozen, 2001; Bishov,
Masuoka, & Kapsalis, 1977), lard (Economou et al.,
1991; Lagouri, Blekas, Tsimidou, Kokkini, & Boskou,
1993; Milos, Mastelic, & Jerkovic, 2000; Vekiari, Oreo-
poulou, Tzia, & Thomopoulos, 1993), and mackerel oil
(Tsimidou, Papavergou, & Boskou, 1995), respectively.
Carvacrol and thymol, the two main phenols that con-
stitute about 78–82% of the essential oil of oregano, are
principally responsible for this activity (Adam, Sivro-
poulou, Kokkini, Lanaras, & Arsenakis, 1998). In
addition, other minor constituents such as g-terpinene
and p-cymene, two monoterpene hydrocarbons that
constitute about 5 and 7% of the total oil, respectively,
also contribute to this activity (Adam et al., 1998;
Kokkini, 1994).
2. Materials and methods

2.1. Chemicals

Analytical-grade butylated hydroxytoluene, 2-thio-
barbituric acid, a-tocopherol reference standard, and
1,1,3,3-tetraethoxypropane, the precursor of mal-
ondialdehyde, were obtained from Sigma Chemical Co.
(St. Louis, MO), while trichloroacetic acid, pyr-
ocatechol, hexane, methanol, acetonitrile, hydrochloric
acid, and sodium hydroxide were from Merck (Darm-
stadt, Germany). a-Tocopheryl acetate was obtained
from Roche Products Ltd. (Hertfordshire, UK), while
oregano essential oil was from Ecopharm Hellas S.A.
(Kilkis, Greece). Oregano oil was in the form of a pow-
der called Orego-Stim (Meriden Animal Health Ltd.
(Luton, UK) that contains 5% essential oil of Origanum
vulgare subsp. hirtum plants and 95% natural feed grade
inert carrier.

2.2. Animals and diets

Thirty 10-week-old female turkeys, a black strain of
local type purchased from a local poultry farm, were
used in this study. On arrival, turkeys were weighed and
randomly assigned into five groups of six birds each.
Ambient temperature was controlled, continuous light-
ing was provided, and conventional breeding and man-
agement procedures were employed throughout the
experiment. All birds were allowed to acclimatize for a
period of 2 weeks. During the acclimatization period, all
groups were fed ad libitum on a commercial turkey diet
supplemented with a basal amount of 30 mg a-toco-
pheryl acetate kg�1 feed. The ingredients and the com-
position of the commercial basal diet are presented in
Table 1.
Table 1

Composition of commercial basal diet (g kg�1)
Corn, grains
 505.8
Herring meal
 30.0
Soybean meal
 330.0
Soybean oil
 25.0
Corn gluten feed
 50
Yeast
 25
dl-Methionine
 1.0
Biolysine
 1.0
Choline chloride
 0.2
Avatec (15% in lasalocid)
 0.05
Dimetridazole
 0.05
Limestone pulverized
 17.0
Dicalcium phosphate
 10.0
Sodium chloride, iodized
 2.8
Binder
 1.4
Natuphos (phytase)
 0.1
Vitamin premixa
 1.0
Trace-mineral premixb
 1.0
a Supplying per kg feed: 14,000 IU all-trans retinol acetate, 5000 IU

cholecalciferol, 30 mg a-tocopheryl acetate, 7 mg menadione sodium
bisulphite, 5 mg thiamine hydrochloride, 10 mg riboflavin, 10 mg

pyridoxine hydrochloride, 0.02 mg cyanocobalamine, 85 mg niacin, 25

mg pantothenic acid, 2 mg folic acid, 0.25 mg biotin, and 10 mg

ascorbic acid.
b Supplying per kg feed: 100 mg Zn, 120 mg Mn, 20 mg Fe, 20 mg

Cu, 0.2 mg Co, 1 mg I, and 0.3 mg Se.
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At the end of the acclimatization period, feeding of
the commercial diet was discontinued to all but one of
the groups. The birds within this group (control) were
given the commercial diet for a further four weeks. The
experimental diets given to the remaining four groups
were based on the same commercial diet but contained
either an additional 200 mg a-tocopheryl acetate kg�1

feed (VE200 group), or 100 mg oregano oil kg�1 feed
(OR100 group) or 200 mg oregano oil kg�1 feed
(OR200 group), or 100 mg oregano oil plus 100 mg
a-tocopheryl acetate kg�1 feed (ORVE100 group).
Supplementation of the feed with the oregano oil was
achieved by adding to each diet the appropriate amount
of the Orego-Stim supplement. Feeding of the experi-
mental diets to turkeys lasted 4 weeks.

2.3. Sampling procedure

All turkeys were slaughtered under commercial con-
ditions at 16 weeks of age. Carcasses from all birds were
immediately trimmed for breast and thigh meat by
removing skin, bones and connective tissue. Following
trimming, breast and thigh meat from each bird within
each group were individually sliced, and sampled for
lipid oxidation studies and analysis of a-tocopherol.

2.4. Refrigerated-storage-induced lipid oxidation

To study the effect of the dietary treatments on lipid
oxidation, breast and thigh meat samples were wrapped
in transparent oxygen-permeable polyvinyl chloride film
(6000–8000 cm3 m�2 24 h�1), and placed in a non illu-
minated refrigerated cabinet at 4 �C for a total of 9
days. The progress of lipid oxidation in the raw meat
samples during storage was determined after 0, 3, 6 and
9 days. A similar experiment was carried out with
cooked meat. For this purpose, raw breast and thigh
meat samples were put in Zip-Lok plastic bags, and
placed in water bath at 85 �C. After 30 min of heating,
samples were cooled under tap water, placed in a non
illuminated refrigerated cabinet at 4 �C, and the pro-
gress of lipid oxidation was determined after 0, 3, 6 and
9 days of storage.

2.5. Measurement of lipid oxidation

Lipid oxidation was assessed on the basis of the mal-
ondialdehyde formed during refrigerated storage. Mal-
ondialdehyde, the compound used as an index of lipid
peroxidation, was determined by a selective third-order
derivative spectrophotometric method previously devel-
oped by some of the authors (Botsoglou, Fletouris,
Papageorgiou, Vassilopoulos, Mantis, & Trakatellis,
1994). In brief, 2-g samples were homogenized (Poly-
tron homogenizer, PCU, Switzerland) in the presence of
8 ml of 5% aqueous trichloroacetic acid and 5 ml of
0.8% butylated hydroxytoluene in hexane, and the
mixture was centrifuged. The top layer was discarded,
and a 2.5-ml aliquot from the bottom layer was mixed
with 1.5 ml of 0.8% aqueous 2-thiobarbituric acid to be
further incubated at 70 �C for 30 min. Following incu-
bation, the mixture was cooled under tap water and
submitted to conventional spectrophotometry (Shi-
madzu, Model UV-160A, Tokyo, Japan) in the range of
400–650 nm. Third-order derivative spectra were pro-
duced by digital differentiation of the normal spectra
using a derivative wavelength difference setting of 21
nm. The concentration of malondialdehyde (ng g�1 wet
tissue) in analysed samples was calculated on the basis
of the height of the third-order derivative peak at 521.5
nm by referring to slope and intercept data of the com-
puted least-squares fit of a standard calibration curve
prepared using 1,1,3,3-tetraethoxypropane.

2.6. Determination of �-tocopherol concentrations in
tissues

Breast and thigh meat samples from the control,
VE200 and ORVE100 groups, were analysed for their a-
tocopherol content. Extraction of a-tocopherol from the
analysed tissues was as described by Botsoglou, Fle-
touris, Psomas, and Mantis (1998). In brief, a 0.5-g
sample was homogenized (Polytron homogenizer, PCU,
Switzerland) with 100 ml of pyrocatechol solution and 5
ml of a saturated methanolic solution of KOH, and the
tube was immersed in a bath at 80 �C for 15 min. Fol-
lowing saponification, 5 ml hexane and 1 ml water were
added, the mixture was vortex-mixed, centrifuged at
2000 g, and an aliquot of the upper phase was evapo-
rated to dryness to be further reconstituted in methanol
and injected into the liquid chromatograph (Shimadzu,
model 6AV, Tokyo, Japan).
Liquid chromatography was carried out as described

by Sheehy, Morrisey, and Flynn (1994). The chromato-
graphic column used was a Nucleosil C18, 5 mm,
250�4.6 mm, column, whereas the mobile phase was
methanol/water (97:3, v/v) and delivered in the system
at a flow rate of 2 ml min�1. A fluorimetric detector set
at an excitation wavelength of 290 nm and emission
wavelength of 330 nm monitored the column effluents.
Detector signals were quantified using peak heights and
a standard calibration curve.

2.7. Statistical analysis

All data were subjected to analysis of variance
(ANOVA) where the experimental unit was any indivi-
dual turkey. The statistical significance of the differences
between means from different treatments at individual
time points was determined by Tukey’s test and com-
puterized using the SPSS statistical package (SPSS
10.05, SPSS Ltd., Woking, Surrey, UK).
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3. Results and discussion

The susceptibility of raw turkey breast and thigh
meat to lipid oxidation during refrigerated storage at
4 �C as a function of the dietary supplementation
with oregano essential oil and/or a-tocopheryl ace-
tate, is illustrated in Figs. 1 and 2, respectively. The
extent of lipid oxidation, as measured by mal-
ondialdehyde (MDA) formation, differed (P<0.05)
between the dietary treatments even at zero time of
refrigerated storage, the mean MDA values in breast
and thigh samples being 55.1 and 63.6 ng g�1, respec-
tively, for the control group. The OR100 group pre-
sented MDA values of 45.7 and 49.6 ng/g for breast and
thigh meat, respectively, which were significantly
(P<0.05) lower than those in the control group but
higher (P<0.05) than in the OR200 (36.6 and 40.4 ng
g�1), VE200 (37.2 and 39.8 ng g�1) and ORVE100 (33.4
and 37.3 ng g�1) groups, which in turn did not differ
(P>0.05) from each other. Since neither mincing nor
any other oxidation-inducing procedure had been
applied to the fresh meat, the MDA found might be due
to either the consumption and subsequent deposition of
MDA already present in the diets or the in vivo pro-
duction of MDA by the turkeys during digestion. If the
former possibility was true, the levels of MDA should
have been equal among treatments. The in vivo pro-
duction of different levels of MDA by the turkeys as a
function of inclusion of oregano oil and/or a-tocopheryl
acetate as natural antioxidants in their diet seems more
reasonable.
Figs. 1 and 2 show that refrigerated storage increased

the levels of MDA in raw breast and thigh samples, the
increase being higher in the control group. The OR100
group presented significantly (P<0.05) lower MDA
values than the control group, which, however, were
higher (P<0.05) than in the OR200, VE200 and
ORVE100 groups after 3, 6 and 9 days of refrigerated
storage. However, OR200 and VE200 groups exhibited
comparable MDA values, a finding suggesting that
these dietary treatments resulted in equivalent anti-
oxidative efficacy. Among all groups, the ORVE100
group presented numerically lower MDA values both in
breast and thigh meat after 3, 6 and 9 days of refri-
gerated storage. In breast meat, the MDA values of the
ORVE100 group were significantly (P<0.05) lower than
those in the VE200 and OR200 groups after 3, 6 and 9
days of refrigerated storage. However, in thigh meat
there was a significant (P<0.05) difference only after 9
days of refrigerated storage. The fact that the anti-
oxidative efficacy offered by the dietary supplemen-
tation with 100 mg oregano oil plus 100 mg a-
tocopheryl acetate kg�1 was higher than the supple-
mentation with only 200 mg oregano oil kg�1 or 200 mg
a-tocopheryl acetate kg�1 suggests a synergistic anti-
oxidant effect on turkey meat.
Fig. 1. Effect of refrigerated storage on lipid oxidation of turkey

breast meat as a function of dietary supplementation with 100 mg

oregano oil kg�1, 200 mg oregano oil kg�1, 200 mg a-tocopheryl ace-
tate kg�1, and 100 mg oregano oil plus 100 mg a-tocopheryl acetate
kg�1 feed. All data points represent mean malondialdehyde con-

centrations from six samples and their standard deviations, some of

which however lie within the data points.
Fig. 2. Effect of refrigerated storage on lipid oxidation of turkey thigh

meat as a function of dietary supplementation with 100 mg oregano oil

kg�1, 200 mg oregano oil kg�1, 200 mg a-tocopheryl acetate kg�1, and
100 mg oregano oil plus 100 mg a-tocopheryl acetate kg�1 feed. All
data points represent mean malondialdehyde concentrations from six

samples and their standard deviations, some of which however lie

within the data points.
1196 N.A. Botsoglou et al. /Meat Science 65 (2003) 1193–1200



Comparison of the MDA values found in this study
with literature values for breast and thigh turkey meat,
show both agreement (Mercier, Gatellier, Viau,
Remignon, & Renerre, 1998) and disagreement (Hig-
gins, Kerry, Buckley, & Morrissey, 1998). The disagree-
ment might possibly be attributed to differences in the
methodology applied to measure the extent of lipid oxi-
dation, which is commonly determined by an assay
based on the reaction between 2-thiobarbituric acid
(TBA) and MDA during heating at acidic pH. Experi-
enced investigators have cautioned that this assay may
give misleading results due to the contribution of other
compounds in addition to the TBA–MDA complex
formed and, hence, the term ‘‘thiobarbituric acid reac-
tive substances’’ (TBARS) is frequently used (Halliwell,
1984). TBA reactivity can be influenced by several fac-
tors including the formation of MDA as an artifact in
the analysis during the assay itself and the occurrence of
MDA in various bound forms. The derivative spectro-
photometric method (Botsoglou et al., 1994) used in the
present study substantially improves the reliability of the
measurements because the applied third-order derivative
spectral analysis of the TBA–MDA complex eliminates
potential interferences from other reactive compounds,
whereas the sample preparation procedure inhibits lipid
oxidation occurring in vitro during the assay itself.
Figs. 3 and 4 show the lipid oxidation profiles for

breast and thigh meat, respectively, after cooking at
85 �C prior to storage at 4 �C for 9 days. Cooking
induced lipid oxidation as shown by the increased MDA
values of the cooked samples compared with the raw
ones. At all time points, the OR100 group presented
MDA values significantly (P<0.05) lower than those in
the control group but higher (P<0.05) than in the
OR200 group for both breast and thigh meat samples.
The OR200 group, in turn, presented MDA values
similar to those of the VE200 group after 3, 6 and 9
days of refrigerated storage. As with raw meat, the
ORVE100 group presented significantly (P<0.05) lower
MDA values than all other groups in both breast and
thigh cooked samples after 3, 6 and 9 days of refri-
gerated storage. Considering the antioxidative activity
shown by the OR200 and VE200 groups, the activity of
the ORVE100 group suggests a synergism between ore-
gano oil and a-tocopherol in the cooked meat similar to
that observed in raw turkey meat.
Comparing the lipid oxidation profiles of raw (Fig. 1)

and cooked (Fig. 3) breast meat to raw (Fig. 2) and
cooked (Fig. 4) thigh meat, it is clearly seen that thigh
meat suffered more intense lipid oxidation than breast
meat held under similar conditions. As higher con-
centrations of a-tocopherol in the tissues should afford
better protection against oxidative attack, raw breast
and thigh meat samples were analysed for their a-toco-
pherol content. It was found that both the supplemen-
tation level and the type of the tissue influenced the
accumulation of a-tocopherol in turkey meat. Table 2
shows that mean a-tocopherol levels in raw breast and
Fig. 3. Effect of refrigerated storage on lipid oxidation of cooked tur-

key breast meat as a function of dietary supplementation with 100 mg

oregano oil kg�1, 200 mg oregano oil kg�1, 200 mg a-tocopheryl ace-
tate kg�1, and 100 mg oregano oil plus 100 mg a-tocopheryl acetate
kg�1 feed. All data points represent mean malondialdehyde con-

centrations from six samples and their standard deviations, some of

which however lie within the data points.
Fig. 4. Effect of refrigerated storage on lipid oxidation of cooked tur-

key thigh meat as a function of dietary supplementation with 100 mg

oregano oil kg�1, 200 mg oregano oil kg�1, 200 mg a-tocopheryl ace-
tate kg�1, and 100 mg oregano oil plus 100 mg a-tocopheryl acetate
kg�1 feed. All data points represent mean malondialdehyde con-

centrations from six samples and their standard deviations, some of

which however lie within the data points.
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thigh meat were 1.15 and 1.34 mg kg�1 of tissue,
respectively, in the control group. Supplementing the
diets with 200 mg a-tocopheryl acetate kg�1, the levels
of a-tocopherol in breast and thigh samples increased to
2.27 and 6.05 mg kg�1 of tissue, respectively. These
values compare well with those found in other studies
with turkeys (Higgins et al., 1998; Wen et al., 1997). The
higher concentrations of a-tocopherol in thigh meat
have been associated with the more highly developed
vascular system and higher lipid content of thigh com-
pared to breast meat (Lin, Gray, Asghar, Buckley,
Booren, & Flegal, 1989). It has been also reported that
the higher a-tocopherol content might be due to physi-
ological variations in the vascular networks of thigh
compared with breast tissues (Sheldon, 1984).
Although thigh meat held in refrigerated storage at

4 �C was found to contain higher amounts of a-toco-
pherol than breast meat, it tended to oxidize faster than
breast meat. The higher susceptibility of thigh meat to
oxidation has been attributed to the higher absolute
content of polyunsaturated fatty acids with more than
two double bonds in this tissue (Jensen, Guidera, Skov-
gaard, Staun, & Skibsted, 1997). Although breast meat
has a higher percentage of these acids in the fat, the
absolute amount in thigh meat is three times that in
breast meat regardless of the dietary treatment (Jensen
et al., 1997) because the total fat content in thigh meat is
approximately five times that of breast meat. In addi-
tion, the large amount of pro-oxidative agents originat-
ing from meat myoglobin and other iron containing
proteins in thigh meat may also reduce oxidative stabi-
lity in this tissue (Rhee & Ziprin, 1987).
The results of this study show that the combined

addition of a-tocopheryl acetate and oregano oil in the
diet optimized the antioxidative capacity of the turkey
thigh and breast meat. This was seen as a significant
interaction between these two antioxidants and the lin-
ear time effect, reflecting an increasing relative reduction
of MDA values over time when both antioxidants were
added. It has been reported that a-tocopherol, a major
natural chain-breaking antioxidant in the cell mem-
branes, provides protection against early events in lipid
oxidation at the site where it is initiated, while oregano
extracts proved to be effective in the inhibition of all
phases of the peroxidative process by first neutralising
free radicals, then blocking peroxidation catalysis by
iron and, finally, through chain-breaking activity (Cer-
vato, Carabelli, Gervasio, Cittera, Cazzola, & Cestaro,
2000). Synergism between ascorbic acid and oregano to
preserve a-tocopherol in sunflower oil and, thus, to
delay the onset of rancidity has been recently observed
by Beddows, Jagait, and Kelly (2001). A synergistic
effect of dietary ascorbic acid and a-tocopheryl acetate
supplementation on the oxidative stability of rabbit
meat has been also found by Castellini, Dal Bosko, and
Bernardini (2001). Wong, Hashimoto, and Shibamoto
(1995) speculated that the components of a rosemary
extract might be used as a substitute for ascorbic acid to
enhance the antioxidative activity of a-tocopherol, while
Fang and Wada (1993) reported that a mixture of a-
tocopherol and rosemary extract exerted a stronger
antioxidant effect than either a-tocopherol or rosemary
extract alone, in a sardine model system. These workers
proposed that the synergistic action of rosemary might
be due to regeneration of a-tocopherol through dona-
tion of hydrogen atoms to the tocopheroxyl radicals
(Wada & Fang, 1992). However, other workers (Bruun-
Jensen, Skovgaard, & Skibsted, 1996) studying the
antioxidative activity of RRR-a-tocopherol vs. RRR-d-
tocopherol in combination with ascorbyl palmitate in
cooked, minced turkey, concluded that the synergistic
effect was the result of a shielding of a-tocopherol by
ascorbyl palmitate rather than a direct regeneration.
4. Conclusion

The results of this investigation showed that dietary
oregano essential oil supplementation significantly
(P<0.05) reduced lipid oxidation in raw and cooked
turkey meat during refrigerated storage. Dietary ore-
gano oil at the level of 200 mg kg�1 was significantly
(P<0.05) more effective in delaying lipid oxidation
compared with 100 mg kg�1, but equivalent to dietary
a-tocopheryl acetate supplementation at 200 mg kg�1,
which in turn was inferior to the dietary combination of
100 mg oregano oil plus 100 mg a-tocopheryl acetate
kg�1, which was superior to all other dietary treatments,
indicating a synergistic effect. In the oregano treated
groups, the lower MDA values in breast and thigh meat
are probably the result of the presence in the oregano oil
of antioxidant constituents, which enter the circulatory
system and are distributed and retained in muscle and
other tissues. Because there is no method available so
far to determine oregano constituents in meat, the
bioavailability of these compounds in meat cannot be
directly demonstrated. More research is needed to
Table 2

Effect of dietary a-tocopheryl acetate on a-tocopherol concentration
in the breast and thigh meat of turkeys
Type of tissue
 Supplementation level of

a-tocopheryl acetate in
the diet (mg kg�1)
Concentrationa of

a-tocopherol in tissues
(mg kg�1)
Breast
 30
 1.15�0.12
100
 1.64�0.21
200
 2.27�0.33
Thigh
 30
 1.34�0.18
100
 3.84�0.42
200
 6.05�0.42
a Mean value of 6 samples analysed � standard deviation.
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develop a method to identify and quantify each of the
main antioxidant constituents of oregano essential oil
deposited in turkey meat.
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