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The effects of dietary oregano essential oil and a-tocopheryl acetate supplementation on the oxidative
stability of long-term frozen stored turkey meat were investigated. Thirty 12-week-old turkeys, randomly
divided into five groups, were given a basal diet or a basal diet supplemented with 200 mg of
o-tocopheryl acetate kg1, or 100 or 200 mg of oregano oil kg~*, or 100 mg of oregano oil plus 100
mg of a-tocopheryl acetate kg~ for 4 weeks prior to slaughter. Lipid oxidation in breast and thigh
meat was assessed after 1, 3, 6, and 9 months of frozen storage at —20 °C prior to or following 7
days of refrigerated storage at 4 °C. Results showed that oregano oil increased the oxidative stability
of breast and thigh meat during the frozen storage. Dietary oregano oil at the inclusion level of 200
mg kg~! feed was significantly (p < 0.05) more effective in delaying lipid oxidation compared to the
level of 100 mg kg1, but equivalent to dietary a-tocopheryl acetate supplementation at 200 mg kg1,
which in turn was inferior to dietary supplementation of 100 mg kg~ oregano essential oil plus 100
mg kg~! a-tocopheryl acetate that was significantly (p < 0.05) superior to all other treatments. Thigh
meat was more susceptible to oxidation than breast meat, although the former contained a-tocopherol
at markedly higher levels. Mean a-tocopherol levels in breast and thigh meat from all treatments
decreased during the frozen storage, the decrease being sharper between 1 and 3 months of frozen
storage for breast and between 3 and 6 months for thigh meat. Oregano oil supplementation increased
(p < 0.05) the retention of a-tocopherol in meat, the increase being positively correlated with the
supplementation level. However, the retention of a-tocopherol in meat could only partly elucidate the
antioxidant activity exhibited by dietary oregano oil supplementation.

KEYWORDS: Dietary supplementation; oregano essential oil; o-tocopherol; antioxidant activity; oxidative
stability; turkey meat; frozen storage

INTRODUCTION However, when the degree of lipid unsaturation is increased
by dietary manipulation, the susceptibility of poultry meat to

Poultry meat products have excellent potential to achieve oxidative deterioration during cooking and storage increges (
wider acceptance in the category of precooked-frozen entrees, 9 9 9

Poultry meat has many desirable nutritional characteristics suchS) and, as a consequence, flavor and hu tritional value are
as low lipid content and relatively high concentrations of reduced. The oxidative stability of poultry lipids has been fou_nd
polyunsaturated fatty acid) that can be further increased by © P dependent on the-tocopherol concentration present in
specific dietary strategies. Reported benefits of long-chain C€ll membrane phospholipids, which in turn is dependent on
polyunsaturated fatty acids, mainly eicosapentaenoic and docosatn€ concentration oéi-tocopheryl acetate in the fee8, (10).
hexaenoic acids, on human healfh §) have attracted interest ~However, turkey meat is particularly susceptible to oxidation

in animal products with high levels of these acidg £). ~ (11—15), due to its weak ability to store dietawytocopherol
in cell membrane phospholipids (106).
* Corresponding author (fax30310 999967; e-mail bots@vet.auth.gr). A major preventive measure against lipid oxidation in meat
lbaboratgiry cf>fTAhn|maII Nutrition, Aristotle University. and meat products is the addition of antioxidants. Synthetic
niversity of Thessaly. P
8 Technological Education Institute T.E.l. of Thessaloniki. antioxidants such a_s butylated hydroxyt_oluer]e (BHT) and
# Laboratory of Biological Chemistry, Aristotle University. butylated hydroxyanisole (BHA) that function either by scav-
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enging chain-carrying peroxyl radicals or by diminishing the Taple 1. Composition of the Commercial Basal Diet for Turkeys
formation of initiating lipid radicals{7), have long been used

to control lipid oxidation in foods. However, recent concern ingredient composition, g/kg

over their use18, 19) has created a need and prompted research com, grains 505.8

for alternative antioxidants, particularly from natural sources. herring meal 30.0
soybean meal 330.0

Several aromatic plants have been studied as sources of

e " il 25.
natu_ral ant|OX|da_nts. Among them,_ oregano, a traditional z%j Z?Lﬂ:r; feed 530

Mediterranean spice obtained by drying the leaves and flowers yeast 25
of Origanumuwulgare subsp.hirtum plants, is well-known for oL-methionine 1.0
its antioxidative activity 20). The ground material and its E;%m‘ihlonde é-g
essentlal 0|_I, obtained by a steam dlstlllatlo_n process, comprise Avatec, Roche (15% in lasalocid) 0.05
>30 ingredients, most of which are phenolic antioxidagtk)( dimetridazole 0.05
Carvacrol and thymol, the two main phenols that constitute limestone, pulverized 17.0
~78—82% of the essential oil of oregan@?j, are principally dicalcium phosphate 10.0
; ; i ; : sodium chloride, iodized 2.8
responsible for this activity2@), but other minor constituents binder (methylcellulose) 14
such as;/-terpinene_ anc-cymene, two monoterpene hydro- Natuphos, BASF (phytase) 01
carbons that constitute about 5 and 7% of the total 2#) vitamin premix? 1.0
respectively, may also contribute to this activigdj. Recently, trace-mineral premix” 10

rosmarinic acid, an important antioxidant phytochemical, has

also been identified as another main active ingredient in Greek *Supplying, per kg of feed, 14000 IU of all-trans-retinol acetate, 5000 IU of
oregano (25). cholecalciferol, 30 mg of o-tocopheryl acetate, 7 mg of menadione sodium bisulfite,

Oregano and its extracts have all been reported to inhibit lipid ﬁ e h‘ifr,ghiag’g‘; mhyd;“h'g”del'j Ilom'rr?g 80; r:b(’ff'i‘(i”'_nlgsnr:]g Off px?dtﬁ“:,e
oxidation when added in various food systems (28), lard yofochiond, ©Je g Of cyanocaha amine, 3 ng o niacin, 25 md of pantorienic
20, 21, 28, 29), and mackerel 0il30), respectively. Recent acid, 2 mg of folic acid, 0.25 mg of biotin, and 10 mg of ascorbic acid. ® Supplying,
( ! ’ ! ! i ! P y per kg feed, 100 mg of Zn, 120 mg of Mn, 20 mg of Fe, 20 mg of Cu, 0.2 mg of
research has also shown that dietary supplementation of oregang,, { mg of I, and 0.3 mg of Se.

oil to broilers could improve the oxidative stability of raw and

precooked C:"Cken m.eat. dunr}g r;afrlg%rated Stqrzﬂjb £2). o-tocopheryl acetate kg of feed (ORVE100 group). Supplementation
Dietary supplementation is a simple and convenient strategy 10 of the feed with the oregano oil was achieved by adding to each diet

introduce a natural antioxidant into phospholipid membranes, the appropriate amount of the Orego-Stim supplement. Feeding of the
where it can effectively inhibit the oxidative reactions at their experimental diets to turkeys lasted 4 weeks.

localized sites (33—36). Sampling. All turkeys were slaughtered under commercial conditions
The present study was designed to evaluate the effect ofat 16 weeks of age. Carcasses from all birds were immediately trimmed
dietary oregano essential oil andtocopheryl acetate supple- for breast and thigh meat by removing skin, bones, and connective
mentation on susceptibility of raw breast and thigh turkey meat tissue. Following trimming, breast and thigh meat from each bird within
to lipid oxidation during long-term frozen storage. each group were individually sliced and sampled for lipid oxidation
studies and analysis of-tocopherol.
Frozen Storage-Induced Lipid Oxidation. For oxidative stability
studies, collected breast and thigh samples were individually vacuum-
Chemicals. Analytical grade BHT, 2-thiobarbituric acidy-toco- packaged and placed in a freezer-0 °C to be held for 9 months.
pherol reference standard, and 1,1,3,3-tetraethoxypropane, the precursoit 1, 3, 6, and 9 months of frozen storage, subsamples from breast
of malondialdehyde (MDA), were obtained from Sigma Chemical Co. and thigh meat from each bird from each dietary treatment were
(St. Louis, MO), whereas trichloroacetic acid, pyrocatechol, hexane, removed from the freezer and thawed overnight &C4 Part of the
methanol, acetonitrile, hydrochloric acid, and sodium hydroxide were thawed subsamples was directly submitted to malondialdehyde analysis
from Merck (Darmstadt, Germany)-Tocopheryl acetate was obtained  for estimation of the extent of lipid oxidation and totocopherol
from Roche Products Ltd. (Hertfordshire, U.K.), whereas oregano analysis for evaluation of the effect of frozen storagenetocopherol
essential oil was from Ecopharm Hellas S.A. (Kilkis, Greece). Oregano content. To further accelerate the extent of lipid oxidation and make
oil was in the form of a powder called Orego-Stim [Meriden Animal the effects of the dietary treatments clearer, the remaining subsamples
Health Ltd. (Luton, U.K.) t]hat contains 5% essential oil@fyulgare were wrapped in transparent oxygen-permeable poly(vinyl chloride)
subsp.hirtum plants and 95% natural feed grade inert carrier. film (6000—8000 cm m=2 24 hY), placed in a nonilluminated
Animals and Diets. Thirty 10-week-old female turkeys of the black  refrigerated cabinet at4C, and analyzed for malondialdehyde content
strain of a local type purchased from a local poultry farm were used in after 7 days of storage.
this study. On arrival, turkeys were weighed and randomly assigned to  Measurement of Lipid Oxidation. Lipid oxidation was assessed
five groups of six birds each. Ambient temperature was controlled, on the basis of the malondialdehyde formed in treated samples.
continuous lighting was provided, and conventional breeding and Malondialdehyde, the compound used as an index of lipid peroxidation,
management procedures were employed throughout the experimentwas determined by a selective third-order derivative spectrophotometric
All birds were allowed to acclimate for a period of 2 weeks. During method previously developed by some of the auth8m@.(In brief,
the acclimatization period, all groups were fed ad libitum on a samples were homogenized (Polytron homogenizer, PCU) in the
commercial turkey diet supplemented with a basal amount of 30 mg presence of 8 mL of aqueous trichloroacetic acid (509 and 5 mL
of a-tocopheryl acetate kg of feed. The ingredients and the composi- of BHT in hexane (8 g L?), and the mixture was centrifuged. The top
tion of the commercial basal diet are presentedamle 1. After the layer was discarded, and a 2.5-mL aliquot from the bottom layer was
end of the acclimatization period, feeding of the commercial diet was mixed with 1.5 mL of aqueous 2-thiobarbituric acid (8 g').to be
discontinued to all but one of the groups. The birds within this group further incubated at 7€C for 30 min. Following incubation, the mixture
(control) were given the commercial diet for a further 4 weeks. The was cooled under tap water and submitted to conventional spectro-
experimental diets given to the remaining four groups were based on photometry (Shimadzu, model UV-160A, Tokyo, Japan) in the range
the same commercial diet but contained either an additional 200 mg of 400—650 nm. Third-order derivative spectra were produced by digital
of a-tocopheryl acetate kg of feed (VE200 group), or 100 mg of  differentiation of the normal spectra using a derivative wavelength
oregano oil kg* of feed (OR100 group) or 200 mg of oregano oil  difference setting of 21 nm. The concentration of malondialdehyde
kg~ of feed (OR200 group), or 100 mg of oregano oil plus 100 mg of (nanograms per gram of wet tissue) in analyzed samples was calculated

MATERIALS AND METHODS
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on the basis of the height of the third-order derivative peak at 521.5 200 «
nm by referring to slope and intercept data of the computed least-squares 2
fit of standard calibration curve prepared using 1,1,3,3-tetraethoxy- iy
propane. — 150 —B—ORVE100
Determination of a-Tocopherol Concentrations. Extraction of %3
o-tocopherol from meat samples was as described by Botsoglou et al. £
(38). In brief, samples (0.5 g) were homogenized (Polytron homog- § 100
enizer, PCU) with 10Q:L of pyrocatechol solution and 5 mL of a 8
saturated methanolic solution of KOH and saponified by heating in a <
water bath at 80C for 15 min. Following saponification, 5 mL of g 50
hexane and 1 mL of water were added, the mixture was vortex-mixed
and centrifuged at 20@) and an aliquot of the upper phase was
evaporated to dryness to be further reconstituted in methanol and
injected into the liquid chromatograph (Shimadzu, model 6AV). Liquid 0 T ¥ T ¥ * v
chromatography was carried out using a Nucleosi € mm, 250x 1 3 6 9
4.6 mm, column, and a mobile phase of methanol/water (97:3, v/v) Time (months)

that was delivered in the system at a flow rate of 2 mL Thi(89). ) } . .
Monitoring of the column effluents was performed using a fluorometric  Figure 1. Effect of long-term frozen storage prior to refrigerated display
detector set at excitation wavelength of 290 nm and emission On lipid oxidation of turkey breast meat as a function of the dietary oregano
wavelength of 330 nm. Detector signals were quantified using peak essential oil at 100 mg kg=* (OR100 group) and 200 mg kg~* (OR200
heights and a standard calibration curve. group), a-tocopheryl acetate supplementation at 200 mg kg=* (VE200
Statistical Analysis.An individual turkey was the experimental unit  group), and 100 mg kg~* oregano essential oil plus 100 mg kg~?
for analysis of all data. Before statistical analysis, Bartlett's test was a-tocopheryl acetate supplementation (ORVE100 group). Data points are
applied to test the homogeneity of the variancé®)( To overcome mean malondialdehyde (MDA) concentrations from six samples analyzed
the problem of variances correlated with the mean, all data were + standard deviation.
subjected to log transformation to stabilize the variances. The develop-
ment of malondialdehyde in meat during storage was analyzed by a 1200 «

two-way analysis of variance, fixed-effects model, including main x?)%”f{)‘é

effects of dietary treatment (five levels) and time of storage (four levels), 1852285

and interaction between the two factors. Data artocopherol . gogd B CRVENO

concentrations in meat were also subjected to two-way analysis of ﬁ

variance including main effects of dietary treatment (five levels) and £

time of storage (five levels), as well as interaction between the two g

factors. When the effect of factors was significant, Tukey’s test was § 600 1

applied to determine statistical differences between least-squares means. «

A probability level of p < 0.05 was used in testing the statistical =

significance of all experimental data that were computerized using the = 300

SPSS 10.05 statistical package (SPSS Ltd., Woking, Surrey, U.K.).

RESULTS AND DISCUSSION 0% " - i i i -
1 3 6 9

The influence of dietary supplementation with oregano oil Time (months)

and/oro-tocopheryl acetate on lipid oxidation in breast and thigh
meat of turkeys frozen-stored for 1, 3, 6, or 9 months is
illustrated inFigures 1and3, respectively. Frozen storage for

1 month increased the levels of malondialdehyde in breast and
thigh meat samples, the increase being higher in the control

group. This trend was maintained after 3, 6, and 9 months of a-tocopheryl acetate supplementation (ORVE100 group). Data points are

frozen storage. . o . mean malondialdehyde (MDA) concentrations from six samples analyzed

The extent of lipid oxidation, as measured by malondi-  go4ord deviation.
aldehyde formation, differed (= 0.05) between the dietary
treatments even at 0 time of frozen storage, the differences beingactivity even at its lower inclusion level of 100 mg Kgof
already present just after slaught&able 2). Because neither  feed. At the higher inclusion level of 200 mgKgfeed, dietary
mincing nor any other oxidation-inducing procedure had been oregano showed much higher antioxidant activity after 3, 6, and
applied to the samples, the malondialdehyde found in the fresh9 months of frozen storage, with malondialdehyde values in
meat should be due to either the consumption and subsequenthe OR200 group significantlyp(< 0.05) lower than in the
deposition of malondialdehyde that was already present in the OR100 group. The activity of the OR200 group was almost
diets or the in vivo production of malondialdehyde by the equivalent to that exhibited by the group on 200 mg of
turkeys during digestion. If the former possibility was true, the o-tocopheryl acetate kg of feed, as it is indicated by the
levels of malondialdehyde should have been equal amongcomparable malondialdehyde values of the OR200 and VE200
treatments. Therefore, the in vivo production of different levels groups at all time points during frozen storage. The group on
of malondialdehyde by the turkeys as a function of inclusion 100 mg of oregano oil plus 100 mg of-tocopheryl acetate
of oregano oil and/oni-tocopheryl acetate in their diet seems kg1 of feed also exhibited an antioxidant activity equivalent
to be more reasonable. to the OR200 and VE200 groups after 3 months of frozen

Figure 1 shows that samples from the OR100 group had storage. However, this activity significantly & 0.05) increased
always significantly lower malondialdehyde values than the after 6 and 9 months of frozen storage; hence, the dietary
control group after 3, 6, and 9 months of refrigerated storage, supplementation of 100 mg of oregano oil plus 100 mg of
a finding suggesting that dietary oregano oil exerted antioxidant a-tocopheryl acetate kg of feed was more effective in

Figure 2. Effect of long-term frozen storage after 7 days of refrigerated
display on lipid oxidation of turkey breast meat as a function of the dietary
oregano essential oil at 100 mg kg=! (OR100 group) and 200 mg kg~?
(OR200 group), a-tocopheryl acetate supplementation at 200 mg kg~?
(VE200 group), and 100 mg kg~ oregano essential oil plus 100 mg kg—!
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Figure 3. Effect of long-term frozen storage prior to refrigerated display
on lipid oxidation of turkey thigh meat as a function of the dietary oregano
essential oil at 100 mg kg~ (OR100 group) and 200 mg kg—* (OR200
group), a-tocopheryl acetate supplementation at 200 mg/kg (VE200 group),
and 100 mg kg~! oregano essential oil plus 100 mg kg~* a-tocopheryl
acetate supplementation (ORVE100 group). Data points are mean
malondialdehyde (MDA) concentrations from six samples analyzed +
standard deviation.

Table 2. Mean Malondialdehyde Concentrations in Breast and Thigh
Meat of Turkeys Fed Diets Supplemented with Oregano Essential Oil
and/or o-Tocopheryl Acetate, Prior to and Following 1 Month of
Frozen Storage

mean malondialdehyde concn, ng/g

breast meat thigh meat

prior to 1 month prior to 1 month

storage of storage storage of storage
control 55.1+24 64.1+27 639+21 93.3+4.0
OR100 457+14 53.2+1.6 49.6 £2.6 554+31
OR200 36.6 £3.6 450+24 404+22 522+21
VE200 372+28 422+21 398+12 451+33
ORVE100 33421 374+40 37.3£28 352+40

retarding lipid oxidation during frozen storage than all other
dietary treatments.
Lipid oxidation was significantlyg < 0.05) greater at day 7
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Figure 4. Effect of long-term frozen storage after 7 days of refrigerated
display on lipid oxidation of turkey thigh meat as a function of the dietary
oregano essential oil at 100 mg kg~ (OR100 group) and 200 mg kg~*
(OR200 group), a-tocopheryl acetate supplementation at 200 mg kg~!
(VE200 group), and 100 mg kg~* oregano essential oil plus 100 mg kg~?
a-tocopheryl acetate supplementation (ORVE100 group). Data points are
mean malondialdehyde (MDA) concentrations from six samples analyzed
* standard deviation.

antioxidant activity after the frozen storage. More effective than
all other dietary treatments in retarding lipid oxidation was again
the combination of 100 mg of oregano oil plus 100 mg of
a-tocopheryl acetate kg of feed. This treatment presented after
1, 3, 6, and 9 months of frozen storage significanply<(0.05)
lower malondialdehyde values than all other treatments prior
to refrigerated display.

Figures 1 and 3 that refer to measurements on day O of
refrigerated display after 1, 3, 6, or 9 months of frozen storage
show that the lipid oxidation curves of all treatments exhibited
a lag phase by month 6, followed by a rapid increase thereafter.
In contrastFigures 2and4 that concern measurements on day
7 of refrigerated display after frozen storage show a rapid
increase by month 6 but a rather stable level thereafter.
Considering the nature of malondialdehyde, which is a second-
ary lipid oxidation product formed by hydrolysis of lipid
hydroperoxides, the observed lag phasEigures 1and3 might

of refrigerated display compared to their counterparts at day 0 be due to the initially low levels of malondialdehyde formed

after 1, 3, 6, or 9 months of frozen storageégure 2). Thus,
following 7 days of refrigerated display, mean malondialdehyde

during the early stages of frozen storage, whereas the rapid
increase thereafter to high production of malondialdehyde as

level in the control breast samples was 437 ppb versus the levelhydrolysis of the lipid hydroperoxides formed during the early

of 64 ppb monitored prior to refrigerated display after 1 month

stages of frozen storage proceeds during the late stages of frozen

of frozen storage, whereas it reached the level of 987 ppb afterstorage. Also, the rapid increase of malondialdehyde during the
9 months of frozen storage. Breast meat samples from the7-day refrigerated storag€igures 2 and4) by month 6 and

OR100 group presented significantly € 0.05) lower malon-

the rather stable levels thereafter could be explained on the basis

dialdehyde levels compared to the control group but higher of the amounts of the lipid hydroperoxides expected to occur
compared to the OR200, VE200, and ORVE100 groups, which in these samples, because higher amounts of intact lipid

in turn exhibited equivalent antioxidant activity at all time points,
with malondialdehyde values comparable each other.

The extent of lipid oxidation in turkey thigh meat samples

hydroperoxides should occur in the frozen meat during the first
months of frozen storage and lower thereafter, leading after
hydrolysis during the 7-day refrigerated storage to higher and

frozen-stored for 1, 3, 6, or 9 months and then refrigerated at 4 lower production of malondialdehyde, respectively.

°C for 0 and 7 days is illustrated ifrigures 3 and 4,

Considering that the greater the amountoetocopherol

respectively. It can be seen that thigh meat was more susceptibledeposited, the better protection the meat should have against

to lipid oxidation during the frozen storage than breast meat.
In addition, lipid oxidation in thigh meat was significantlg (

< 0.05) greater at day 7 of refrigerated displdigure 4)
compared to day O (Figure 3). The OR100 treatment signifi-
cantly (p < 0.05) retarded lipid oxidation compared to the
control, but it was lessp( < 0.05) effective compared to the

oxidative attack, all breast and thigh meat samples after 0, 1, 3,
6, and 9 months of frozen storage and prior to refrigerated
display were analyzed for theis-tocopherol content. The
concentrations ofi-tocopherol appear to be low#bles 3and

4); however, a-tocopherol is not efficiently absorbed and
deposited in the cell membranes of turke$4)( These results

OR200 and VE200 treatments, which presented an equivalentare consistent with the findings of a pertinent studly)(where,
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Table 3. Effect of Frozen Storage on the a-Tocopherol Concentrations of Raw Breast Meat from Turkeys Fed Diets Supplemented with Oregano
Essential Oil and/or a-Tocopheryl Acetate at Different Levels

months of concn? of a-tocopherol in breast meat, 1.g/g
frozen storage control OR100 OR200 VE200 ORVE100
0 1.05a +0.05 1.27b +£0.05 1.43c £0.06 2.20d +0.41 1.80e +0.14
1 1.05a +0.08 1.25b +0.10 1.44c £0.15 2.22d +0.33 1.75e +0.12
3 0.65a +0.13 0.88a +0.08 1.08b £0.05 1.32c £ 0.47 1.39cd £0.15
6 0.63a +0.12 0.89b + 0.05 1.05c £0.12 1.35d +0.15 1.35de +0.13
9 0.61a +0.05 0.87b £0.12 1.05¢ £ 0.05 1.28d +0.12 1.36de + 0.24

@ Mean of six analyses + standard deviation. Mean values in the same row with a letter in common do not differ significantly (p > 0.05).

Table 4. Effect of Frozen Storage on the a-Tocopherol Concentrations of Raw Thigh Meat from Turkeys Fed Diets Supplemented with Oregano
Essential Oil and/or a-Tocopheryl Acetate at Different Levels

months of concn of a-tocopherol in thigh meat, £.g/g
frozen storage control OR100 OR200 VE200 ORVE100
0 1.22a+0.10 1.45h +0.11 1.72¢ £0.33 5.82d + 0.67 3.55e +0.15
1 1.23a+0.12 1.43b +0.10 1.70c £0.24 5.85d + 1.05 3.47e+0.22
3 1.08a £ 0.06 1.36b £0.10 1.68c+0.18 5.80d + 0.95 3.46e +0.44
6 0.68a + 0.08 0.95b + 0.06 1.15¢ £ 0.10 4.46d £ 0.42 2.78e £0.22
9 0.70a + 0.05 0.87b +0.12 1.12¢ £ 0.10 4.32d £0.27 2.74e £0.12

@ Mean of six analyses + standard deviation. Mean values in the same row with a superscript in common do not differ significantly (p > 0.05).

after turkeys were fed with 250 mg oftocopheryl acetate kg levels ofa-tocopherol compared with the control, the increase
of diet for 3 weeks before slaughter, the differenceritoco- being positively correlated with the supplementation level.
pherol levels between treated and control meat was only 1.2- Oregano oil even at its higher inclusion level of 200 mgkg
fold. The accumulation odfi-tocopherol in turkey appears to be could not offer to the diet more that 4 mg of endogenous
low compared to other species such as broilers or pork and, a-tocopherol kg?! (46, 47), so the increased levels aftoco-
therefore, dietary supplementation for longer periods is recom- pherol found in meat indicated that dietary oregano oil protected
mended (1642). It has been reportedd) that the levels of  a-tocopherol in meat during the frozen storage. These results
a-tocopherol in turkey breast muscle are about one-third those are consistent with a study§) reporting that oregano could
in chickens fed the same dietary supplementigbcopheryl preserven-tocopherol in sunflower oil. In another stud$9),
acetate for the same period of time. In the same study, the lowera mixture ofa-tocopherol and an extract of rosemary was found
levels of a-tocopherol in turkey meat were attributed to to exert a stronger antioxidant effect than eithetocopherol
decreased gastrointestinal absorption, although this was notor rosemary extract alone, in a sardine model system. These
determined. In another papet6), the lowa-tocopherol levels workers proposed that the synergistic action of rosemary might
in turkey tissues were explained on the basis of a greaterbe due to regeneration af-tocopherol through donation of
production and excretion af-tocopheryl glucuronides. hydrogen atoms to the tocopheroxyl radicals. Other workers (50)
Prior to frozen storage, meantocopherol levels in breast ~ studying the antioxidative activity ofx-tocopherol versus
and thigh meat samples in the control group differed signifi- d-tocopherol in combination with ascorbyl palmitate in cooked,
cantly (o < 0.05), being 1.05 and 1.22 mg/kg, respectively. minced turkey reported that the synergistic action of ascorbyl

When the diet was supplemented with 200 mgretbcopheryl palmitate was the result of a sh?elding aﬁtocopherol by
acetate kgt, the concentrations ai-tocopherol in breast and  ascorbyl palmitate rather than a direct regeneration.
thigh samples increased to 2.20 and 5.82 mgkgespectively. The hypothesis that oregano oil functions by stabilization,

These concentrations compare well with literature vald€s ( recycling, and retaining ofx-tocopherol might possibly be
12, 13). The higher accumulation af-tocopherol in thigh meat  considered strong enough to explain the antioxidant activity
has been associated with the more highly developed vascularshown by the 100 or 200 mg of oregano oil ®gof diet
system and greater lipid content of thigh than breast mat (  treatments, because they presented significarmly<(0.05)
Although thigh meat contained higher amountsosfoco- higher levels ofo-tocopherol compared to controls. However,
pherol than breast meat, it tended to oxidize more quickly. The this hypothesis cannot explain the synergistic action exhibited
greater susceptibility of thigh meat to oxidation has been by the dietary supplementation of 100 mg of oregano oil plus
attributed to the higher absolute content of polyunsaturated fatty 100 mg ofa-tocopheryl acetate kg of diet, which, although
acids with more than two double bonds in this tissdd)( containing significantly < 0.05) lower levels of-tocopheral,
Although breast meat has a higher percentage of these acids ipresented higher antioxidant activity than thetocopheryl
the fat, the absolute amount in thigh meat is 3 times higher acetate treatment. Therefore, oregano oil should contribute to
than in breast meat regardless of the dietary treatmé#t ( the antioxidant activity by additional mechanisms.
because the total fat content in thigh meat-s times that of During the frozen storage, the levelswtocopherol in meat
breast meat. In addition, the large amount of pro-oxidative agentssamples decreased with the time of storage (Tablesi®4).
originating from meat myoglobin and other iron-containing There have been several possible explanations for the depletion
proteins in thigh meat may also reduce oxidative stability in of a-tocopherol from meat during frozen storage. Muscle cytosol
this tissue (45). contains compounds that strongly inhibit mermbrane lipid
Tables 3and4 show that all meat samples from the oregano peroxidation by the ferric ion and partially inhibit peroxidation
oil supplemented groups had significantly € 0.05) higher by an iron redox cycleH1). In addition, muscle cytosol is the
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area where the tocopheroxyl radicals formed during the early (4) Hargis, P. S.; Van Elswyk, M. E. Manipulating the fatty acid

stages of lipid peroxidation in meat are re-reduced to their native composition of poultry meat and eggs for the health conscious
form by other intracellular reductant84). However, at-20 consumerWorld’s Poult. Sci. J1993,49, 251—-264.

°C, the antioxidant activity of the cytosolic phase may no longer ~ (5) Botsoglou, N. A.; Yannakopoulos, A. L.; Fletouris, D. J.;
function optimally because some catalysts and antioxidants may Tserveni-Goussi, A. S.; Psomas, |. E. Yolk fatty acid composition

and cholesterol content in response to level and form of dietary
flaxseed.J. Agric. Food Chem1998,46, 4652—4656.

(6) Shermer, W. D.; Calabotta, D. F. Controlling feed oxidation can
be rewardingFeedstuffsl 985,25, 24.

(7) Lin, C. F.; Gray, J. |.; Asghar, A.; Buckley, D. J.; Booren, A.
M.; Flegal, C. J. Effects of dietary oils and-tocopherol

be trapped in the frozen solid phagel). Moreover, lipid free
radicals that are soluble in the oil phase can diffuse to longer
distances and spread the lipid oxidation reactioh)(Hence,

free radicals may escape the antioxidants in the frozen aqueous
phase and diffuse into the membrane cell phospholipids, where

they initiate and promote lipid oxidation. Some worketd Y supplementation on lipid composition and stability of broiler

state_d the}t if this occurs, the lipid-soluletetocopherol become_s meat.J. Food Sci1989,54, 1457—1460.

the first line of antioxidant defense and thus may be rapidly  (8) Engberg, R. M.; Lauridsen, C.; Jensen, S. K.; Jakobsen, K.

depleted. Inclusion of oxidised vegetable oil in broiler diets. Its influence
In breast meat, the greater rate @ftocopherol depletion on nutrient balance and on the antioxidative status of broilers

occurred between 1 and 3 months of frozen storage; afterward, Poult. Sci.1996,75, 1003—1011.

it remained almost unchangedable 3). However, the con- (9) Machlin, L. J.Handbook of VitaminDekker: New York, 1991.

centration of MDA during the same period was quite stable, (10) Wen, J.; McCarthy, S. N.; Higgins, F. M.; Morrissey, P. A;

whereas the main increase in MDA occurred durirgd3nonths Buckley, D. J.; Sheehy, P. J. A. Effect of dietarytocopheryl

of storage Figure 1), when the content ofi-tocopherol was acetate on th_e _uptake_:_and_distributio_rwfocopherol in turkey

quite stable. These changes could be explained if malondi- 25553”792 and lipid stabilitylrish J. Agric. Food Res1997, 36,

aldehyde were considered to be a secondary lipid oxidation
product formed by hydrolysis of lipid hydroperoxides. Thus,
higher quantities ofa-tocopherol could be consumed for
protecting the polyunsaturated fatty acids of the membrane a-tocopheryl acetateBr. Poult. Sci.1996,37, 787—795.

phospholipids from oxid:?\tign during_ the early' stages of frozen (12) Mercier, Y. Gatellier, P.; Viau, M.; Remignon, H.; Renerre, M.
storage, whereas the rapid increase in malondialdehyde observed Effect of dietary fat and vitamin E on lipid and protein oxidation

(11) Wen, J.; Morrissey, P. A.; Buckley, D. J.; Sheehy, P. J. A.
Oxidative stability andx-tocopherol retention in turkey burgers
during refrigerated and frozen storage as influenced by dietary

between 3 and 9 months of storage should be due to hydrolysis in turkey meat during storagdleat Sci.1998,48, 301—317.

of the lipid hydroperoxides already formed during the early (13) Higgins, F. M.; Kerry, J. P.; Buckley, D. J.; Morrissey, P. A.

stages of frozen storage. In thigh meat, the greater rate of Effect of dietary o-tocopheryl acetate supplementation on

o-tocopherol depletion occurred between 3 and 6 months of a-tocopherol distribution in raw turkey muscles and its effect

frozen storage (Table 4). This delayedtocopherol depletion on the storage stability of cooked turkey medeat Sci.1998,

might be attributed to the higher amount of polyunsaturated fatty 50, 373—-383.

acids present in thigh meat compared to the breast nddat ( (14) Renerre, M.; Poncet, K.; Mercier, Y.; Gatellier, P.; Metro, B.
In conclusion, the results of the present investigation show Influence of dietary fat and vitamin E on antioxidant status of

that dietary oregano oil supplementation reduced lipid oxidation muscles of turkeyJ. Agric. Food Chem1999,47, 237-244.

in turkey meat during frozen and subsequent refrigerated storage. (15) Mercier, Y.; Gatellier, P.; Vincent, A.; Renerre, M. Lipid and
A dose-response increase in the antioxidative capacity of turkey protgln oxidation in r_nlcr(_)somal fraction fror_n turkeys:_ influence
meat as a result of feeding oregano oil was observed. Dietary of dietary fat and vitamin E supplementatidvieat Sci.2001,

. . . 58, 125—134.
oregano oil at the inclusion level of 200 mg#gf feed was (16) Sklan, D.; Bartov, I.; Hurwitz, S. Tocopherol absorption and

more effective in delaying lipid oxiqation compared to the level metabolism in the chick and turkeg. Nutr. 1982,112, 1394—

of 100 mg kg!, but equivalent to dietarg-tocopheryl acetate 1400.

at 200 mg kg*, which in turn was inferior to the dietary  (17) yamamoto, Y.; Niki, E. Role of antioxidants in lipid peroxida-
combination of 100 mg kg! oregano essential oil plus 100 mg tion. In Membrane Lipid Oxidation; Vigo-Pelfrey, C., Ed.; CRC
kg™? a-tocopheryl acetate, which was superior to all other Press: Boca Raton, FL, 1990; pp 233—256.

dietary treatments. The better oxidative stability of meat samples (18) Imaida, K.; Fukishima, S.; Shirai, T.; Ohtami, M.; Nakamish,
from turkeys receiving the diets supplemented with oregano oil K.; Ito, N. Promoting activities of butylated hydroxyanisole and
was probably the result of antioxidant constituents of the oregano butylated hydroxytoluene on 2-stage urinary bladder carcino-
oil that entered the circulatory system and were distributed and genesis and inhibition of gamma-glutamyl trans-peptide-positive
retained in meat. Because there is no method available so far for development in the liver of ratCarcinogenesisl983, 4,

for the identification and quantification of the antioxidant 895—-899.

constituents of oregano oil deposited in turkey meat, the (19) Okada, Y.; Okajima, H.; Konoshi, H.; Terauchi, M.; Ishii, K.;

bioavailability of these compounds cannot not be yet directly Liu, I.-M.; Watanabe, H. Antioxidant effect of naturally occurring
demonstrated. furan fatty acids on oxidation of linoleic acid in aqueous

dispersionJ. Am. Oil Chem. S0d.990,67, 858—862.
(20) Economou, K. D.; Oreopoulou, V.; Thomopoulos, C. D. Anti-
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