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ABSTRACT We studied the influence of dietary fat
source and dl-α-tocopheryl acetate and ascorbic acid sup-
plementation on the sensory quality of cooked dark
chicken meat stored at −20 C for different periods. Results
showed that dietary fat source and α-tocopheryl acetate
supplementation influenced sensory scores (rancid flavor
and aroma and acceptability). Ascorbic acid had no influ-
ence on these scores. Thiobarbituric acid values showed
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INTRODUCTION

Lipid oxidation is a major cause of deterioration in
poultry products, generating undesirable odors and fla-
vors and shortening the shelf life. Flavor and odor
changes in precooked reheated meats have been de-
scribed by sensory analysts as “oxidized, rancid, off-
odor/flavor, warmed-over, stale, left-over . . . .” Such
terms are often not clearly defined and sometimes used
as synonyms. It has already been established that
warmed-over flavor (WOF) is characterized by the loss
of flavors and odors of freshly cooked meats, together
with the appearance of a cardboard note and followed
by an oxidized note (Johnson and Civille 1986; Poste et
al., 1986; St. Angelo et al., 1990). Some authors (Johnson
and Civille, 1986; Love, 1988) emphasized the need to
standardize the terminology to describe the flavor and
odor deterioration in reheated meats. In fact, Lyon (1987)
developed a useful terminology of 12 well-defined de-
scriptors to assess the sensory changes in reheated
chicken meat: 1 of these 12 descriptors was rancid, which
usually appears during long-term storage. The rancid de-
scriptor correlated significantly with TBA values in
cooked and stored chicken (Lyon et al., 1988), beef (Smith
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a high correlation with sensory scores. In addition, the
low levels of α-tocopheryl acetate contained in the trace
mineral-vitamin mix (20 IU/kg of feed) were enough to
prevent rancidity development in cooked dark chicken
meat when broilers were fed a saturated fat diet and
samples were vacuum-packed and stored at −20 C for
13 mo.

and Alfawaz, 1995; St. Angelo et al., 1988), pork (Nolan
et al., 1989), and turkey meat (Nolan et al., 1989) under
different storage conditions.

It has been widely reported that dietary fat source af-
fects fatty acid composition and influences the oxidative
stability (Asghar et al., 1988, 1990; Lin et al., 1989; Ajuyah
et al., 1991, 1993a,b; Rhee et al., 1996) and the sensory
characteristics (Igene and Pearson, 1979; Ajuyah et al.,
1993b) of chicken meat. Several studies have revealed a
positive effect of high tocopherol intake on the oxidative
stability of broiler meat (Lin et al., 1989; Asghar et al.,
1990; Bartov and Frigg, 1992; Jensen et al., 1995; Morrisey
et al., 1997) and sensory quality (King et al., 1995; O’Neill
et al., 1998). In constrast, only a few authors have studied
the effect of dietary supplementation with ascorbic acid
on poultry meat rancidity. King et al. (1995), using TBA
values and sensory quality, did not find an antioxidant
effect of dietary ascorbic acid in dark chicken meat.

In our study, two experiments were carried out. Experi-
ment 1 was performed to determine the influence of vari-
ous dietary fat sources, with different degrees of unsatu-
ration and oxidation (beef tallow, sunflower and oxidized
sunflower oil, and linseed oil), combined with addition
of ascorbic acid and dl-α-tocopheryl acetate (α-TA) as
feed supplements, on sensory quality of dark chicken
meat. Because the results of Experiment 1 showed a clear

Abbreviation Key: BHT = butylated hydroxytoluene; MDA = malon-
dialdehyde; α-TA = dl-α-tocopheryl acetate; TCA = trichloroacetic acid;
TEP = 1,1,3,3-tetraethoxypropane; WOF = warmed-over flavor.
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positive influence of α-TA supplementation on sensory
quality of dark chicken meat, regardless of the fat source
used, a second experiment was planned to determine the
lowest α-TA supplementation dose giving dark chicken
meat an optimum sensory quality. Therefore, in Experi-
ment 2, using a commercial fat source commonly used in
feed production, we studied the effect of different dietary
supplementation doses of α-TA given to broiler chickens
during different periods prior to slaughter on sensory
quality of cooked dark chicken meat during storage.

MATERIALS AND METHODS

Diets and Animals

Experiment 1. Sixteen isocaloric dietary treatments
were prepared from a basal diet (Table 1) to study the
influence of various dietary factors on sensory scores (ran-
cid flavor and aroma, and acceptability) in cooked dark
chicken meat. The dietary treatments resulted from the
combination of the dietary factors studied (4 × 2 × 2):
type of fat source (beef tallow, sunflower oil, oxidized
sunflower oil, and linseed oil; 6% of fat supplementation),
α-TA supplementation (0 and 225 IU/kg), and ascorbic
acid supplementation (0 and 110 mg/kg). Dietary fats
were supplied by Cailà i Parés, S.A.2 Sunflower oil (unre-
fined) was oxidized first by heating in a fryer for 12 h at
160 C and then by keeping the oil in the fryer at room
temperature for 6 d. Specific absorbances at 232 and 270
nm were 4.40 and 0.83 for the heated oil and 2.87 and
0.25 for the fresh oil. The different fat sources used to
prepare the dietary treatments had no significant effect
on the α-tocopherol content of the resultant feeds. α-TA
(Rovimix� E-50 Adsorbate) and ascorbic acid (Rovimix�
C) were supplied by Hoffmann-La Roche.3 Two hundred
forty female broiler chicks (Ross, 1-d-old) were randomly
assigned to the dietary treatments (15 chickens per treat-
ment) and were fed ad libitum for 56 d.

Experiment 2. Fifteen isocaloric dietary treatments
were prepared from a basal diet (Table 1) to study the
influence of dietary α-TA supplementation on sensory
scores (rancid flavor and aroma, and acceptability) in
cooked dark chicken meat. The dietary treatments re-
sulted from the combination of dietary factors studied (3
× 5): α-TA supplementation (75, 150, and 225 IU/kg of
feed) and periods of α-TA supplementation prior to
slaughter (0, 10, 21, 32, and 43 d). Two hundred twenty-
five female broiler chicks (Hubbard, 1-d-old) were ran-
domly assigned to the dietary treatments (15 chickens
per treatment) and were fed ad libitum for 43 d.

Preparation, Cooking,
and Storage of Samples

At 57 d of age (Experiment 1) and at 44 d of age (Experi-
ment 2), broiler chickens were leg-ringed for identification

2Cailà i Parés, S.A., Barcelona, Spain, E-08040.
3Hoffmann-La Roche Ltd., Basel, Switzerland, CH-4070.

TABLE 1. Ingredients and composition of the basal diets
for Experiments 1 and 2

Diet Percentage

Experiment 11

Ingredients
Corn 30.0
Corn germ meal 18.4
Soybean meal, 44% protein 17.4
Sorghum 10.0
Sunflower meal 8.0
Barley 5.8
Rye 5.0
Beef tallow 0.1
Calcium carbonate 1.9
Dicalcium phosphate 1.4
Sepiolite 1.0
Salt 0.3
Sodium bicarbonate 0.1
Trace mineral-vitamin mix 0.5

Composition
Dry matter 88.2
Crude protein 16.0
Crude fat 4.1
Crude fiber 5.1
Ash 7.4

Experiment 22

Ingredients
Corn 54.0
Soybean meal, 48% protein 33.7
Full fat extruded soybeans 4.7
Lard 3.4
Dicalcium phosphate 2.2
Calcium carbonate 1.0
Salt 0.5
DL-methionine 0.2
Trace mineral-vitamin mix3 0.4

Composition
Dry matter 89.1
Crude protein 21.8
Crude fat 7.0
Crude fiber 3.2
Ash 6.4

1Metabolizable energy 2,750 cal/g.
2Metabolizable energy 3,100 cal/g.
3Includes dl-α-tocopheryl acetate (20 mg/kg of feed).

and slaughtered according to commercial procedures.
Legs with skin from each carcass were deboned by hand
and were immediately vacuum-packed. Samples from
Experiment 1 were cooked at 80 C for 35 min in a pressure
cooker, and samples from Experiment 2 were cooked in
an oven (90 C and 90% of relative humidity), until the
center of the leg reached 80 C. All cooked samples were
stored at −20 C for 13 mo in Experiment 1 and for 7 or
13 mo in Experiment 2. The TBA values were determined
just before and after sensory analysis, whereas α-tocoph-
erol content and fatty acid composition were determined
after cooking of samples.

Sensory Analysis

1. Training and Selection. Twenty-nine panelists were
recruited from our department. Criteria for recruitment
were: age between 20 to 50 yr, not allergic to chicken
meat, eat chicken meat at least once per week, willing to
evaluate meat from chickens fed experimental diets, and



BOU ET AL.802

available during training and testing. Panelists were
trained for 3 d, 1 to 2 h per day. During the training, they
were presented with sunflower oils heated for increasing
periods (maximum p-anisidine value = 6.8) and several
chicken samples (freshly cooked and those stored for 5
or 15 d at 4 C). With the chicken samples, the panelists
learned to distinguish between WOF and rancid aroma
and flavor. The descriptors rancid aroma and rancid fla-
vor in chicken meat were described by the panelists as
the aromatics associated with oxidized sunflower oil. Pan-
elists were trained to rate the intensity of these descriptors
using samples from Experiment 1 with different degrees
of oxidation. Finally, for each experiment, six chicken
meat samples, with TBA values ranging from 1,458 to
7,664 µg malondialdehyde (MDA)/kg in Experiment 1
and from 253 to 3,122 µg MDA/kg in Experiment 2, were
used to conduct a sensory test to select suitable panelists
for the sensory evaluation. In each case, the Spearman
correlation coefficients between sample TBA values and
rancid aroma scores, and between sample TBA values
and rancid flavor scores given by the panelists, were cal-
culated. Eighteen or 16 panelists (for Experiment 1 or
2, respectively) having a sum of these two correlation
coefficients ≥1 were selected (for all selected panelists
correlation coefficients were ≥0.42).

2. Sample Preparation. The samples were thawed by
reheating 10 min at 85 C in a water bath. Then, bags were
opened and 20-g chicken pieces, with similar proportions
of skin, were placed in screw-capped flasks. Samples were
kept in a conventional oven at 75 C in order to maintain
the temperature until they were served to the panelists
(residence time of sample inside the oven never exceeded
15 min).

3. Sample Presentation. Samples were identified by
random three-digit numbers and presented to the panel-
ists in balanced incomplete block designs (Cochran and
Cox, 1957): 16 blocks, six samples per block, and six repli-
cates for each sample, for Experiment 1; 15 blocks, seven
samples per block, and seven replicates for each sample,
for Experiment 2. Each descriptor (rancid aroma and ran-
cid flavor) was represented on the score sheet by a 15
cm, unstructured, line scale anchored on the left side with
the term “weak” and on the right side with the term
“strong.” Vertical line marks drawn by the panelists
throughout the horizontal line scales were converted into
percentage scores by measuring the distance in millime-
ters from the left origin of the scale. Panelists were also
asked about the acceptability of the product using a five-
point scale (1 = poor; 5 = very good). Together with the
samples to be evaluated, the panelists received two refer-
ence samples corresponding to the minimum and the

4Sigma, St. Louis, MO 63103.
5SDS, Peypin, France, F-13124.
6Panreac Quimica S.A., Barcelona, Spain, E-08110.
7Sharlau Chemie S.A., Barcelona, Spain, E-08016.
8Kinematica, Lucerne, Switzerland, CH-6014.
9Shimadzu UV-160 A. Shimadzu Corporation, Kyoto, Japan, 604-

8511.

maximum of the scale. As minimum sample, among the
highest α-TA-supplemented samples, we chose that with
the lowest TBA value (for Experiment 1, 1,458 µg MDA/
kg meat; for Experiment 2, 253 µg MDA/kg). As maxi-
mum sample, among the samples without dietary α-TA
supplementation, we chose that with the highest TBA
value (for Experiment 1, 7,664 µg MDA/kg meat; for
Experiment 2, 1,437 µg MDA/kg). Water and unsalted
crackers were provided to panelists to cleanse their
palates between samples.

Reagents and Standards

Butylated hydroxytoluene (BHT), pyrogallol, EDTA di-
sodium salt, TBA, 1,1,3,3-tetraethoxypropane (TEP) and
dl-α-TA were from Sigma.4 Methanol used in α-tocoph-
erol analysis was HPLC grade,5 whereas that used in fatty
acid determination was analytical grade.6 Ethanol, 96%,
was HPLC grade.7 Trichloroacetic acid (TCA; ACS grade)
was from Panreac.6

Determination of TBA Values

The method used was that of Botsoglou et al. (1994)
with some modifications. A 1.5-g sample of prethawed,
ground, cooked dark chicken meat was weighed into a
50-mL centrifuge tube, and 1 mL of 0.3% aqueous EDTA
disodium salt was added immediately in order to avoid
lipid oxidation during analysis (Grau et al., 2000). After
gentle agitation, 5 mL of 0.8% BHT in hexane was also
added, and the tube was gently shaken again. Then, just
before homogenization, 8 mL of 5% aqueous TCA was
added to the tube, and homogenization was carried out
for 30 s at 19,000 rpm using a Polytron PT 3,000.8 After
centrifugation (5 min at 1,400 × g), the top hexane layer
was discarded and the bottom layer was filtered through
a no. 1 Whatman filter paper into a 50-mL volumetric
flask. Aqueous TCA (5%) was used to make up the vol-
ume. A 3-mL aliquot was pipetted into a screw-capped
tube (13 × 100 mm), and 2 mL of 0.8% aqueous TBA was
added (pH of reaction mixture = 9). The reaction mixture
was incubated for exactly 30 min at 70 C in a water bath
under gentle agitation and then cooled in an ice bath for
5 min. After the tube was tempered for 45 min at room
temperature, the reaction mixture was subjected to third-
derivative spectrophotometry against a blank reaction
mixture, containing 3 mL of 5% aqueous TCA and 2 mL
of 0.8% aqueous TBA. A double-beam spectrophotome-
ter9 was used to measure the peak height at 521.5 nm in
the third-derivative spectrum. Spectrophotometric condi-
tions were as follows: spectrum range, 400 to 650 nm;
scan speed, 480 nm/min; and derivative difference setting
(∆λ), 21 nm. If the peak height value exceeded 1.0 (linear-
ity of the method was only checked up to this value), the
reaction mixture was diluted with water. The TBA value
(expressed as µg of MDA/kg of sample) was calculated
on the basis of our calibration curve (Y = 149.7 X + 6.15
× 10−4, where X is the peak height at 521.5 nm expressed
in arbitrary units, as printed on the instrument chart, and
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Y is the concentration in ng of MDA/mL of reaction
mixture), taking into account the sample weight and the
dilutions made during the analytical procedure. The cali-
bration curve was constructed as described by Botsoglou
et al. (1994), with TEP used as the MDA precursor. The
procedure was performed under attenuated light con-
ditions.

Determination of α-Tocopherol Content

Two grams of ground cooked dark chicken meat was
homogenized in 5 mL of absolute ethanol containing 1%
pyrogallol (wt/vol) and 0.012% BHT (wt/vol) with a
polytron PT 2,0008 (30 s at 19,800 rpm). Next, 10 mL of
1.6 N methanolic KOH was added, and saponification
was carried out at 70 C for 30 min. Nonsaponifiables were
then extracted with petroleum ether, filtered through a
0.45-µm teflon membrane. After solvent evaporation un-
der a stream of nitrogen at 30 C, the residue was redis-
solved in absolute ethanol. Twenty microliters of this
solution was injected into a liquid chromatograph10

equipped with a C18 column (25 × 0.46 cm) packed with
5 µm-80 ∆ Extrasil ODS2 and a C18 precolumn packed
with 5 µm-100 ∆ Kromasil ODS2. Sample compounds
were isocratically eluted with methanol and detected by
a spectrofluorometric detector11 (excitation and emission
wavelengths selected were 288 and 330 nm, respectively).
Sample vitamin E content was determined by means of
an experimental calibration curve, using α-tocopherol as
an external standard.

Determination of Fatty Acid Composition

One gram of ground, cooked, dark chicken meat or 3
g of milled feed were weighed into a 32 × 210 mm tube;
20 mL of chloroform:methanol (2:1, vol/vol) was added,
and the mixture was homogenized for 40 s at 19,800 rpm
using a Polytron PT 2,000.8 The extract was filtered
through a Whatman no. 1 filter paper into a 50-mL screw-
capped tube, and the residue was extracted twice with
the same solvent, first with 7 mL (30 s at 19,800 rpm) and
then with 5 mL (10 s at 19,800 rpm). Next, 10 mL of
water was added to the screw-capped tube, and, after
centrifugation (20 min at 400 g), the chloroform phase was
filtered through anhydrous sodium sulfate (Whatman no.
1 filter paper). The anhydrous sodium sulfate was then
washed twice with 5 mL of chloroform. The lipid extract
thus obtained was concentrated to 1 mL in a vacuum
rotatory evaporator at 35 C, and the rest of the solvent
was removed by a light stream of nitrogen first, and then
by keeping the flask in a vacuum desiccator at 10 mm
Hg overnight. Fatty acid methyl esters were prepared
from the extracted lipid fraction and determined as pre-
viously described by Guardiola et al. (1994).

10HP Series 1100 liquid chromatograph, Hewlett-Packard GmbH,
Waldbronn, Germany, D-76337.

11HP 1046 A spectrofluorometric detector, Hewlett-Packard GmbH,
Waldbronn, Germany, D-76337.

Statistical Analysis

Multifactor ANOVA was used to determine whether
any significant effects were produced by the factors stud-
ied (in Experiment 1, kind of dietary fat source and doses
of α-TA and ascorbic acid supplementation and in Experi-
ment 2, dose of α-TA and days of dietary supplementation
prior to slaughter) on rancid aroma, rancid flavor, and
acceptability. Interactions between factors higher than the
second order were ignored. Means for main factors hav-
ing a significant influence were separated by means of
the Scheffé test. In addition, Pearson coefficients were
used to examine possible linear correlations between the
following parameters: rancid aroma, rancid flavor, ac-
ceptability, TBA values, and α-tocopherol content. In all
cases, P ≤ 0.05 was considered significant. The homogene-
ity of the panelists was a prerequisite that was confirmed
previously by including the effect of the panelist in the
multifactor ANOVA.

RESULTS AND DISCUSSION

Experiment 1

Rancid aroma and flavor scores for samples from Ex-
periment 1 are shown in Table 2. Aroma and flavor scores
followed similar patterns and were significantly affected
by dietary fat source (P ≤ 0.0001). Although dark meat
from broilers fed tallow and sunflower oil showed lower
scores for aroma and flavor than broilers fed oxidized
sunflower oil, the differences were not significant. Only
meat from broilers fed linseed oil showed significantly
higher scores for rancid aroma and flavor. Similar results
were reported by Ajuyah et al. (1993b), who found higher
values for rancid score in broiler meat when full-fat flax
seed was added to broiler feed. In addition, O’Neill et al.
(1998) did not find differences between sensory scores of
cooked dark chicken meat from broilers fed tallow and
those fed olive oil after chilling or freezing. No significant
effects of ascorbic acid supplementation were observed
for rancid aroma or for rancid flavor in cooked, dark
chicken meat (Table 2). King et al. (1995) obtained similar
results with dark meat from chickens whose diet was
supplemented with ascorbic acid (1,500 mg/L in the
drinking water, 24 h prior to slaughter). In contrast, di-
etary supplementation with α-TA led to significant de-
creases in rancid aroma and flavor scores in dark chicken
meat (P ≤ 0.0001). Similar results were found by O’Neill
et al. (1998), who observed decreasing WOF in dietary α-
TA-supplemented dark chicken meat, and by Sheldon et
al. (1997), who found lower rancid aroma and flavor
scores in dietary α-TA-supplemented turkey meat. De
Winne and Dirinck (1996) found significant decreases in
the off-flavor, but not in the off-odor, of meat from broilers
whose diets were supplemented with α-TA. However, at
similar doses to the previously cited works (King et al.,
1995; De Winne and Dirinck, 1996; Sheldon et al., 1997;
O’Neill et al., 1998), Ajuyah et al. (1993b) did not find
flavor improvement in dark or white broiler meats when
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TABLE 2. Effect of dietary fat source, ascorbic acid, and α-tocopheryl acetate supplementation on sensory
scores in samples from Experiment 1 after 13 mo of frozen storage

Ascorbic acid α-Tocopheryl acetate
Dietary fat source supplementation supplementation

Sensory Sunflower Oxidized Linseed 0 110 0 225
measures Beef tallow oil sunflower oil oil mg/kg mg/kg mg/kg mg/kg

Rancid aroma1 24.3b 26.8b 38.7b 78.4a 42.8 41.2 57.2a 26.8b

Rancid flavor1 20.7b 22.7b 36.4b 80.3a 41.4 38.6 53.7a 26.3b

Acceptability1 3.4a 2.9ab 2.5b 1.3c 2.5 2.5 2.0b 3.0a

Values given in this table correspond to least-squares means obtained from multifactor ANOVA (n = 96).
a–cValues in the same row corresponding to a certain factor bearing different superscripts are significantly

different (P ≤ 0.0001).
1Interaction of dietary fat source × tocopherol supplementations significant at P ≤ 0.05.

15% full-fat flax seed feeds were supplemented with
mixed tocopherols (200 mg/kg of feed). In agreement
with this finding, our results showed a significant interac-
tion between the type of fat source and the dose of α-TA
supplement for aroma (P = 0.004) and flavor (P = 0.01).
Therefore, α-TA supplementation is less effective in pre-
venting rancid aroma and flavor development in meats
from broilers fed linseed oil than in meats from broilers
fed other dietary fats (Figure 1). This finding may be
related to the fatty acid composition of meats (Table 3),
because the short-chain aldehydes that mainly contribute
to oxidative rancidity development in chicken meat are
mainly formed from highly unsaturated fatty acids (Aju-
yah et al., 1993b). In addition, results obtained for sun-
flower and oxidized sunflower oils could also be ex-
plained by the fatty acid composition of meats, because
these meats, in terms of polyunsaturated fatty acids,
mainly differ in the content of C18:3 n-3 (0.64 vs. 1.89%)

FIGURE 1. Influence of dietary fat source and dl-α-tocopheryl acetate
(α-TA) supplementation on rancid aroma and flavor scores.

and C18:2 n-6 (40.67 vs. 38.40%, Table 3). Thus, the higher
oxidability of C18:3 n-3, together with the fact that the
short-chain aldehydes produced from C18:3 n-3 globally
have lower sensory threshold values than those produced
from C18:2 n-6 (Frankel, 1985), can explain the higher ran-
cidity scores found for oxidized sunflower oil when broil-
ers were fed diets without α-TA supplementation (Figure
1). However, when diets were α-TA-supplemented, sun-
flower and oxidized sunflower oil treatments resulted
in similar sensory scores, indicating that α-tocopherol
prevents rancidity development in those cases in which
the degree of unsaturation is lower than in the linseed
oil treatment. No significant interactions were detected
between ascorbic acid and α-TA supplementation or be-
tween the ascorbic acid supplementation and the type of
dietary fat source. Finally, a highly significant correlation
was found between rancid aroma and flavor scores (r
= 0.96, P ≤ 0.0001). Acceptability of meat also showed
significant differences depending on the dietary fat source
(P ≤ 0.0001). Linseed oil treatment had the lowest accept-
ability and was significantly different from the other di-
etary fat treatments (Table 2). Oxidized sunflower and
sunflower oil treatments were not significantly different
from each other. The most accepted meat came from the
tallow treatment, which was significantly more acceptable
than samples from oxidized sunflower and linseed oil
treatments (Table 2). Such results of acceptability were
inversely correlated with rancid aroma scores (r = −0.84,
P ≤ 0.0001) and rancid flavor scores (r = −0.85, P ≤ 0.0001),
because rancidity is the main sensory property influenc-
ing the panelist when meat acceptability is evaluated.
Ascorbic acid supplementation did not affect the level
of acceptability, whereas α-TA supplementation led to a
significant increase in acceptability (P ≤ 0.0001). In addi-
tion, the interaction between the type of dietary fat source
and the dose of α-TA supplementation also influenced
the acceptability (P = 0.035). Thus, dietary α-TA supple-
mentation did not much improve meat acceptability for
linseed oil or for sunflower oil treatments, although it
greatly increased the acceptability of meat from oxidized
sunflower oil and tallow treatments (Figure 2).

After being cooked, the content of α-tocopherol was
immediately determined in all samples. The TBA values
were determined after the sensory evaluation. A signifi-
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TABLE 3. Fatty acid composition of feeds used in Experiment 1 and of their corresponding cooked,
dark chicken meat samples (expressed as area normalization in %)

Feed Cooked dark chicken meat

Oxidized Oxidized
Beef Sunflower sunflower Linseed Beef Sunflower sunflower Linseed

Fatty acids1 tallow oil oil oil tallow oil oil oil

Total SFA 39.87 14.21 14.91 13.03 34.53 22.97 22.43 20.30
Total MUFA 36.68 23.79 28.55 21.71 47.68 33.63 35.22 32.70
C18:2 n-6 22.19 61.14 54.76 30.04 15.82 40.67 38.40 20.87
C18:3 n-6 ND2 ND ND ND 0.12 0.33 0.29 0.05
C20:2 n-6 0.07 0.05 0.07 0.05 0.13 0.25 0.22 0.12
C20:3 n-6 ND ND ND ND 0.14 0.27 0.24 0.15
C20:4 n-6 ND ND ND ND 0.44 0.87 0.77 0.26
C22:4 n-6 ND ND ND ND 0.12 0.26 0.21 0.03
C22:5 n-6 ND ND ND ND 0.03 0.08 0.06 0.01
Total n-6 PUFA 22.25 61.19 54.84 30.09 16.80 42.74 40.19 21.50
C18:3 n-3 1.19 0.82 1.70 35.15 0.89 0.64 1.89 24.04
C18:4 n-3 0.01 0.00 0.00 0.02 0.02 0.02 0.04 0.24
C20:4 n-3 ND ND ND ND 0.01 0.02 0.02 0.13
C20:5 n-3 ND ND ND ND 0.02 0.01 0.03 0.47
C22:5 n-3 ND ND ND ND 0.07 0.03 0.08 0.48
C22:6 n-3 ND ND ND ND 0.04 0.02 0.04 0.17
Total n-3 PUFA 1.20 0.82 1.70 35.17 1.05 0.74 2.10 25.53
Total PUFA 23.45 62.00 56.54 65.26 17.85 43.47 42.29 47.03

1SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids.
2ND = not detected.

cant negative correlation (r = −0.57, P ≤ 0.0001) was found
between α-tocopherol content and TBA values of cooked
meat. Furthermore, rancid aroma and rancid flavor scores
were correlated with TBA values (respectively, r = 0.77,
P ≤ 0.0001; r = 0.80, P ≤ 0.0001) and with the α-tocopherol
content (respectively, r = −0.43, P ≤ 0.0001; r = −0.39, P ≤
0.0001). A similar correlation (r = 0.84, P ≤ 0.01) was found
by Lyon et al. (1988) between TBA values and rancid
scores in chilled chicken meat. Correlation coefficients
ranging from 0.84 to 0.94 were also observed by other
authors (Igene et al., 1985; Salih et al., 1987; O’Neill et al.,
1998) between TBA values and WOF scores in poultry
meat.

FIGURE 2. Influence of dietary fat source and dl-α-tocopheryl acetate
(α-TA) supplementation on acceptability.

Experiment 2

After 7 mo of storage at −20 C, the sensory evaluation
of cooked, dark chicken meat samples from Experiment
2 showed that the factors studied (dose of α-TA supple-
mentation and period of supplementation prior to slaugh-
ter) had no influence on sensory scores (Table 4). These
results led us to re-evaluate the samples after a further 6
mo of storage at −20 C, and the results confirmed that
the factors studied had no effect on sensory scores (Table
4). These findings seem to be in disagreement with results
of Experiment 1; even when the dietary fat was highly
saturated (beef tallow as fat source), α-TA-supplementa-
tion prevented rancid aroma and flavor development
(Figure 1 and Table 2). However, this result may be due
to the fact that the trace mineral-vitamin mix used in
Experiment 1 did not contain α-TA, whereas that used
in Experiment 2 did (20 IU/kg of feed). Thus, levels of
α-tocopherol for non-α-TA-supplemented samples were
much lower in Experiment 1 (e.g., beef tallow, 1.6 mg/
kg of meat; sunflower oil, 1.1 mg/kg of meat) than in
Experiment 2 (7.3 mg/kg of meat). This finding indicates
that in Experiment 2, in which broilers were fed a highly
saturated fat diet (Table 5), even low levels of α-TA sup-
plementation, like those commonly used in trace mineral-
vitamin mixes (20 to 30 IU/kg of feed) to meet the NRC
requirements for vitamin E (1994), are enough to protect
cooked, dark chicken meat against rancid aroma and fla-
vor development. Therefore, from a sensory point of
view, a long-term stability (13 mo) for frozen, cooked,
dark chicken meat may be achieved, if samples are vac-
uum-packed and feeds are formulated to meet NRC nutri-
ent requirements for poultry (1994). The diets must con-
tain a saturated fat source, which is the usual practice in
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TABLE 4. Effect of the dose of α-tocopheryl acetate and days of supplementation on sensory scores in
samples from Experiment 2 after 7 and 13 mo of frozen storage1

Dose of α-tocopheryl acetate Days of supplementation
Months of

Sensory frozen 75 150 225
measures storage mg/kg mg/kg mg/kg 0 10 21 32 43

Rancid aroma 7 45.6 43.0 48.6 37.6 55.0 52.9 34.5 48.5
13 45.0 45.6 50.6 50.9 45.4 41.8 43.4 53.9

Rancid flavor 7 39.5 36.7 47.1 37.5 52.4 45.5 29.4 40.6
13 49.1 47.0 46.6 55.4 44.3 41.6 50.3 46.3

Acceptability 7 2.5 2.7 2.2 2.7 2.3 2.5 2.6 2.6
13 2.4 2.7 2.6 2.4 2.6 2.6 2.6 2.9

1Values given in this table correspond to least-squares means obtained from multifactor ANOVA (n = 105).

feed formulation. As in Experiment 1, significant correla-
tions (P ≤ 0.0001) were found between rancid aroma and
flavor scores (r = 0.77), between rancid aroma and accept-
ability (r = −0.49), and between rancid flavor and accept-
ability (r = −0.62). Similar to Experiment 1, TBA values
determined after 13 mo of storage at −20 C and the α-
tocopherol content determined immediately after cooking
had a significant correlation (r = −0.82, P ≤ 0.0001). How-
ever, in contrast to Experiment 1, no significant correla-
tions were obtained between chemical parameters (TBA
values and α-tocopherol content) and sensory scores (ran-
cid aroma, rancid flavor, and acceptability). This lack of
correlation might have been due to the fact that TBA
values were much more lower and had a narrower range
in Experiment 2 (265 to 1,478 µg of MDA/kg of meat)
than in Experiment 1 (1,512 to 8,160 µg of MDA/kg).
Thus, from the results of Experiment 1, in which the
panelists did find sensory differences between samples,
we can establish from the multifactor ANOVA the mini-
mum difference in TBA values that corresponds to sam-
ples that were significantly different in rancid aroma

TABLE 5. Fatty acid composition of feed used in Experiment 2
and of cooked, dark chicken meat obtained

(expressed as area normalization in %)

Dark
chicken

Fatty acid1 Feed meat

Total SFA 25.03 30.50
Total MUFA 34.64 43.67
C18:2 n-6 37.43 22.25
C18:3 n-6 ND2 0.24
C20:2 n-6 0.32 0.27
C20:3 n-6 ND 0.22
C20:4 n-6 ND 0.89
C22:4 n-6 0.05 0.24
C22:5 n-6 ND 0.08
Total n-6 PUFA 37.80 24.19
C18:3 n-3 2.43 1.34
C18:4 n-3 0.06 0.04
C20:4 n-3 ND 0.00
C20:5 n-3 ND 0.04
C22:5 n-3 ND 0.12
C22:6 n-3 0.03 0.09
Total n-3 PUFA 2.52 1.64
Total PUFA 40.33 25.90

1SFA = saturated fatty acids; MUFA = monounsaturated fatty acids;
PUFA = polyunsaturated fatty acids.

2ND = not detected.

(1,933 MDA/kg of meat), rancid flavor (1,933 MDA/kg
of meat), and acceptability (785 µg of MDA/kg of meat).
Comparable results were reported by Gray and Pearson
(1987) showing that rancid flavor in meats is initially
detected between 500 and 2,000 µg of MDA/kg of meat.
In addition, O’Neill et al. (1998) found that the threshold
for WOF detection in cooked, dark chicken meat could
be set at TBA values ≥800 µg of MDA/kg of meat. We
consider this value to be close to our results, because
WOF appears before rancidity in meat samples (Johnson
and Civille, 1986; Poste et al., 1986). In addition, this result
also explains why in the second experiment, we found
differences in TBA values, depending on the dose and
period of α-TA supplementation (data not shown),
whereas as mentioned before, these two factors showed
no effect on sensory quality.
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