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Abstract

Efficiency of four concentrations of grape seed extract (0.0, 0.4, 0.8, and 1.6 g/kg) in retarding oxidative rancidity was tested with

cooked turkey breast meat. Development in lipid oxidation during 13 days of refrigerated storage was evaluated by means of

thiobarbituric acid-reactive substances (TBARS) and volatile compound formation. Hexanal, pentanal, octanal, 2-octenal, 1-octen-

3-ol, 2-octen-1-ol, and 1-penten-3-ol showed high correlations (r40:95) with TBARS values and could, therefore, serve as markers

for the oxidation process in the cooked turkey breast meat. Supplementation of grape seed extract prior to cooking significantly

improved oxidative stability of minced turkey meat during heat treatment and storage. The ability of grape seed extract to prevent

lipid oxidation was concentration-dependent. Vacuum-packaging considerably improved oxidative stability of meat regardless of

the low concentration of grape seed extract used. It appears that grape seed extract could be very effective in inhibiting lipid

oxidation of cooked turkey meat during chill-storage.

r 2005 Swiss Society of Food Science and Technology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Consumption of meat containing high amounts of
polyunsaturated fatty acids (PUFAs) has increased
greatly in the last decade due to the nutritionists’
recommendations to reduce intake of saturated fatty
acids. However, a high degree of polyunsaturation
accelerates oxidative processes leading to deterioration
in meat flavor, color, texture and nutritional value.
Turkey meat is particularly prone to oxidation due to its
high PUFA content (Mercier, Gattellier, Viau, Reming-
non, & Renerre, 1998), its high concentration in free
iron (Kanner, Hazan, & Doll, 1988) and due to the
turkey’s low ability to store dietary vitamin E (Sklan,
Tenne, & Budowski, 1983).

The major strategies for preventing lipid oxidation are
the use of antioxidants and restricting the access to
oxygen during storage by vacuum-packaging (Shahidi &
Wanasundara, 1992; Ahn, Grun, & Fernando, 2002;
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Mielnik, Aaby, & Skrede, 2003). In the past few years,
various plant materials containing phenolic compounds
have been demonstrated to be effective antioxidants in
model systems. Flavonoids, the most potent antioxida-
tive compounds of plant phenolics occur in vegetables,
fruits, berries, herbs, and tea leaves (Shahidi &
Wanasundara, 1992; Kandaswami & Middleton, 1997;
Skrede & Wrolstad, 2002).

Grape seed extract obtained as a by-product of wine
and grape juice processing is rich in proanthocyanidins.
The multiple mechanisms of their antioxidative activity
are expressed in its ability of radical scavenging, metal
chelation, and synergism with other antioxidants (Lu &
Foo, 1999). Antioxidative activity of grape seed extract
has been confirmed by b-carotene linoleate and linoleic
acid peroxidation methods (Jayaprakasha, Singh, &
Sakariah, 2001) as well as by DPPH and phosphomo-
lybdenum complex methods (Jayaprakasha, Selvi, &
Sakariah, 2003). Grape seed extract has been evaluated
for its antioxidative effect on a few meat types and has
been reported to improve the oxidative stability of
cooked beef (Ahn et al., 2002) and turkey patties (Lau &
ublished by Elsevier Ltd. All rights reserved.
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King, 2003). Grape seed extract added at 10 and 20 g/kg
to turkey thigh meat decreased TBARS values nearly
ten-fold as compared to the control (Lau & King, 2003).
The authors suggested that the optimal level of grape
seed extract supplemented to poultry meat was between
1 and 10 g/kg meat. In previous experiments we have
shown that the amount of needed antioxidants (rosem-
ary extracts) to depress oxidation in deboned turkey
meat could be estimated by means of antiradical power
(ARP) of tested substances (Mielnik et al., 2003). To
verify this hypothesis and explore the efficiency of grape
seed extract in retarding of oxidation development in
processed turkey meat, the new attempt was undertaken.

With this study we report the investigation carried out
on a commercial grape seed extract supplemented to
turkey meat at the different concentrations, chosen on
the ground of antioxidant capacity expressed as ARP. In
order to exploit its potential as a natural antioxidant,
the grape seed extract was added to minced breast
turkey meat, which was later cooked, packaged in air or
under vacuum, and finally cold stored. The development
of oxidation process was monitored by TBARS values
and volatile compounds.
2. Materials and methods

2.1. Experimental design

Three factors were studied in this experiment:
1.
 Grape seed extract concentration—reference (0 g/kg),
low (0.4 g/kg), medium (0.8 g/kg) and high (1.6 g/kg).
2.
 Storage conditions—aerobic and vacuum atmosphere
at 4 1C.
3.
 Storage time—0, 6, and 13 days.

2.2. Preparation of antioxidant solutions

Commercial grape seed extract (Grapines, High
Potency) in tablets’ form used in this experiment was
purchased in the store. The tablets (Lot.01121503) were
produced by Nature’s Sunshine Products, Inc., in
Spanish Fork, Utah 84660, USA and distributed in
Norway by Midelfart & Co., AS, 3412 Lierstranda.
Each tablet (460mg) contains 60mg grape seed extract
(Vitis vinifera) besides calcium phosphate, microcrystal-
line cellulose, stearic acid, sodium carboxymethylcellu-
lose, silicon dioxide, magnesium stearate and pine bark
extract. The tablets were ground into a powder and a
small amount of ethanol was added to help the grape
seed extract dissolve in distilled water. Three concentra-
tions of grape seed extract were defined on the basis of
ARP, measured by means of the DPPHd free radical
scavenging method (Brand-Williams, Cuvelier, & Ber-
set, 1995) with some modifications. Free radical DPPHd

(2,2-diphenyl-1-picrylhydrazyl from Sigma Aldrich Ltd.,
England) and grape seed extract were dissolved in
ethanol. Samples were prepared in duplicates for each of
the three concentrations. The solutions (0.5ml) were
mixed with the DPPHd solution (3.5ml), covered and
left in the dark at room temperature. Samples with
0.5ml ethanol instead of grape seed extract were used as
blank. After 180min of incubation, the reduction of the
DPPH free radical was measured by reading the
absorbance at 515 nm (Hewlett Packard 8452A; Hewlett
Packard Co., Avondale, PA). The percentage of
remaining DPPHd at steady state was plotted against
the sample concentration to obtain the amount of
sample required to decrease the initial DPPHd concen-
tration by 50% (EC50). Antioxidant activity was
calculated as the reciprocal of EC50, the ARP in units
of grams of DPPHd/g of tablet.

2.3. Preparation and cooking of ground turkey meat

The ARP of the commercial grape seed extract in
tablets’ form was found to be one-third of the ARP of
Trolox C (5.99 g DPPHd/g), used in our previous
experiments (Mielnik et al., 2003). We have further
shown that 0.2 g Trolox C added to 1 kg mechanically
deboned turkey meat (MDTM) was enough to retard
lipid oxidation during 7 months frozen storage. Taking
into account this information and the knowledge about
accelerated oxidation in cooked meat we decided to span
the concentration of added antioxidant from 0.4 to
1.6 g/1 kg turkey breast meat.

Turkey breast meat, obtained from a commercial
processing plant, was minced in an industrial meat grinder
and later mixed with various amounts of grape seed
extract: 0.2, 0.4, and 0.8 g each dissolved in 50ml water.
The solutions were added directly to 500 g meat using a
laboratory blender (Masterchef 20, Type 813; Mulinex,
Ecully, France). A reference sample was formulated with
50ml water. All experimental batches were divided into
smaller portions for sampling at each storage period and
packaging conditions. Two replicates were made for each
treatment. The samples were vacuum-packaged and
cooked in a water bath at 80 1C for 30min followed by
cooling in tap water for 30min. Then, half of the samples
were pre-packaged into transparent polyethylene 380-ml
boxes (Hammerstorph AS, Oslo, Norway) with air access,
while the other half was packaged in impermeable bags
under vacuum. The meat samples were then stored at 4 1C
for 6 and 13 days before analysis.

2.4. Determination of lipid oxidation

The extent of lipid oxidation was monitored by the
formation of thiobarbituric acid-reactive substances
(TBARS) and volatile compounds.
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2.4.1. Thiobarbituric acid-reactive substances (TBARS)

The TBARS values were determined in duplicate
samples by the extraction method of Sørensen and
Jørgensen (1996) with some modification. For extrac-
tion, 10 g meat was homogenized (15,000 rpm, 30 s,
20 1C) together with 30ml of a 7.5% aqueous solution of
trichloroacetic acid (TCA) by means of a Bühler
homogenizer Type H04 (Tübingen, Germany). After
filtration (white ribbon SS filter 5892; Schleicher &
Schuell GmbH, Dassel, Germany), 5.0ml extract was
mixed with 5.0ml of 0.02mol/l aqueous thiobarbituric
acid (TBA) in a stoppered test tube. The samples were
incubated at 100 1C for 35min in a water-bath and
subsequently cooled for 10min in cold water. Absor-
bance was measured at 532 nm by an Ultraspec 3000
(Pharmacia Biotech, Cambrige, UK) against a blank
containing 5ml distilled water and 5ml TBA reagent.
Results expressed as milligrams malondialdehyde/kg
meat were calculated from the standard curve of TEP
(1,1,3,3-tetraethyoxypropane) standards.

2.4.2. Dynamic headspace/GC-MS method for analysis of

volatile compounds

Each homogenized sample (15 g) was weighed into a
250ml Erlenmeyer flask. Distilled water (100ml) and an
internal standard solution (1 ml) of heptanoic acid ethyl
ester (499%, Sigma-Aldrich Chemie GmbH, Stein-
heim, Germany) in methanol (p.a., Merck, Darmstadt,
Germany) were added, and the samples were shaken for
30 s. The samples were heated to 70 1C in a water bath
and purged with 100ml/min nitrogen through a glass
tube for 20min. Volatile compounds were collected on
adsorbent tubes filled with Tenax GR (mesh size 60/80;
Alltech Associates Inc., Deerfield, IL USA). Adsorbed
water was removed by nitrogen flushing (50ml/min) for
5min in the opposite direction of sampling.

Trapped compounds were desorbed at 250 1C for 5min
in an automatic thermal desorption system (ATD 400;
Perkin Elmer, Beaconsfield, England) and transferred to a
GC (model 6890; Agilent, Palo Alto, CA) with a mass-
selective detector (model 5973; Agilent; EI, 70 eV). The
volatile compounds were separated on a DB-WAXetr
column (J&W Scientific, 0.25mm i.d., 0.5mm film, 30m,
helium 99.9999% as carrier gas) using a temperature
program starting at 30 1C for 10min, increasing 1 1C/
min–40 1C, 3 1C/min–70 1C, and 6.5 1C/min–230 1C, hold-
ing time 5min. Integration of peaks and tentative
identification of compounds were performed with software
from Agilent; HP Chemstation (G1701CA version
C.00.00), Wiley 130K Mass Spectral Database (HP
61030A MS Chemstation; John Wiley and Sons, Inc,
New York, USA) and NIST98Mass Spectral Library with
Windows Search Program (Version 1.6d; US Department
of Commerce, Gaithersburg, MD). System performance
was checked with blanks and standard samples before,
during, and after the sample series. Quantitative amounts
of the volatile compounds were calculated by correcting
peak intensities from the integrator for the peak of the
internal standard ethyl heptanoate (ng) and weight of
turkey meat (g) giving the unit ng/g meat.

2.5. Statistical analysis

Fifty–Fifty MANOVA (Langsrud, 2002) was used to
study the effect of grape seed extract concentrations,
storage atmosphere and storage time on TBARS values
in the cooked turkey meat. Two replications were
carried out with all samples. In addition to the test of
significance, this algorithm also computes explained
variance of each effect, which is closely related to the
classical univariate sums of squares (SS). Interaction
plots for TBARS values were obtained from Minitab
13.0 (Minitab Inc., State College, PA, USA). Relation-
ships between TBARS values and volatile compounds
were analysed by partial least squares (PLS-1) regression
using the Unscrambler version 8.05 software program
(CAMO, Oslo, Norway). The volatile compounds were
used as X-data and TBARS values as Y-data. All
variables were standardized by 1/standard deviation,
and full cross-validation was used for validation of the
model (Martens & Næs, 1989). Uncertainty test in
Unscrambler program enabled the calculation of vola-
tiles significantly correlated with TBARS values (Wes-
tad &Martens, 2000). Univariate correlation analyse for
TBARS values and volatile compounds was carried out
using Minitab 13.0 (Minitab Inc).
3. Results and discussion

3.1. Antiradical power (ARP)

ARP of the grape seed tablets averaged 1.72 g DPPHd/
g tablet. The amount of grape seed extract added to
turkey breast meat prior to cooking varied from 0.0 to
0.8 g/500 g meat, thus supplying the meat with different
levels of the flavanoids. The samples supplemented
with.0.4 g/kg grape seed extract could potentially sca-
venge 0.34 g DPPHd, while the 0.8 and 1.6 g/kg would be
able to scavenge 0.69 and 1.38 g DPPHd, respectively,
when added to 0.5 kg meat portions. The studies by
Jayaprakasha et al. (2003) also indicated that radical
scavenging activity of the grape seed extract was
concentration-dependent. The ARP of the flavonoids
from the grape seed extract used in our experiment was
three to four times as high as ARP of rosemary extracts
studied previously (Mielnik et al., 2003).

3.2. Thiobarbituric acid-reactive substances (TBARS)

Analysis of variance of TBARS values for turkey
breast meat treated with grape seed extract at four
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concentrations (0, 0.4, 0.8, and 1.6 g/kg), cooked,
packaged in air or in vacuum, and stored at 4 1C for
13 days showed significant (Po0:001) effects of the
three main factors as well as significant interactions
between them (Table 1). Concentration of added grape
seed extract to the turkey meat before cooking explained
most of the variation (50.4%) among the samples. The
highest concentration (1.6 g/kg) gave TBARS values of
one-sixth the concentrations seen by the lowest con-
centration (0.4 g/kg) of the grape seed extract. This is in
agreement with findings by other authors (Lai et al.,
1991; Mielnik et al., 2003) who reported strong linear
relationships between the amount of an antioxidant
(rosemary extract) added to meat and TBARS values,
indicating concentration-dependent efficiencies of the
antioxidants.
Table 1

Analysis of variance for TBARS values assessed in cooked turkey breast meat

days at 4 1C

Source of variance Factor

Concentration (g/kg) (A) 0.0

0.4

0.8

1.6

Atmosphere (B) Air

Vacuum

Storage period—days (C) 1

6

13

Concentration (g/kg) x atmosphere(A�B) 0.0� air

0.0� vacuum

0.4� air

0.4� vacuum

0.8� air

0.8� vacuum

1.6� air

1.6� vacuum

Concentration� storage period(A�C) 0.0� 1

0.0� 6

0.0� 13

0.4� 1

0.4� 6

0.4� 13

0.8� 1

0.8� 6

0.8� 13

1.6� 1

1.6� 6

1.6� 13

Atmosphere� storage period (B�C) Air� 1

Air� 6

Air� 13

Vacuum� 1

Vacuum� 6

Vacuum� 13

**Significant at Po0:01; ***significant at Po0:001:
The packaging atmosphere explained 14.9% of the
sample variations (Table 1). The TBARS values
measured in cooked turkey breast meat stored in
vacuum were significantly lower than those of the
samples stored under aerobic conditions. Restricted
access to air has previously been reported to limit
oxidation in poultry meat (Jantawat & Dawson, 1980;
Barbut, Kakuda, & Chan, 1990; Ahn, Ajuyah, Wolfe, &
Sim, 1993). Storage period had significant influence on
the development of lipid oxidation in the turkey meat
resulting in intensive increase of TBARS values during
the first 6 days of refrigeration.

Analysis of variance revealed interactions between all
factors investigated (Table 1). The interaction between
packaging atmosphere and antioxidant concentration
showed that supplementation of low concentrations of
treated with grape seed extract at four concentrations and stored for 13

TBARS (mg/kg) (mean values) Explanation of variance (%)

4.20 50.4***

3.02

1.67

0.50

3.09 14.9***

1.61

1.42 10.1***

2.65

2.97

5.33 5.5**

3.07

4.17

1.87

2.35

0.98

0.50

0.50

2.82 2.1**

4.81

4.97

1.81

3.38

3.87

0.71

1.88

2.42

0.36

0.51

0.62

1.42 7.1***

3.59

4.26

1.42

1.71

1.68
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Fig. 1. Interaction between concentration of grape seed extract and

storage period in air-packaged, ground, cooked turkey breast meat.
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grape seed extract needed the support from the
packaging technique to delay the oxidation process in
the cooked meat. With high concentration of antiox-
idant, there were less detrimental effects of air atmo-
sphere on TBARS formation. The interaction between
packaging atmosphere and storage period showed that
samples stored under vacuum maintained the initial
TBARS values nearly unchanged, while samples pack-
aged in air contained three times higher levels of
TBARS at the end of the storage period.

The interaction between concentration of grape seed
extract and storage period emphasized the importance
of amount of antioxidant added to meat before cooking.
The highest TBARS values measured directly after heat
treatment were obtained in meat samples without
antioxidant (2.82mg malondialdehyde/kg). Grape seed
extract showed a significant protective effect towards
lipid oxidation occurring both during the cooking
process and the chill storage, although to a different
extent. High concentration of antioxidant (1.6 g/kg)
retarded the oxidation process most efficiently by
maintaining TBARS values during 13 days storage
below 1mg malondialdehyde/kg meat. Supplementation
of low (0.4 g/kg) and medium (0.8 g/kg) concentrations
of grape seed extract also prevented the development of
oxidation products in turkey meat significantly, in
comparison to the control samples (0.0 g/kg), but was
too low to fully delay the oxidation process. Lau and
King (2003) have also reported positive effects of added
grape seed extract on inhibiting the oxidation process
during cooking in dark poultry meat. In their study,
TBARS values reached 13.93mg malondialdehyde/kg
meat in nonsalted samples without antioxidants, while
samples treated with 10 and 20 g antioxidant/kg meat
had TBARS values of 0.48 and 0.74mg/kg, respectively,
what could indicate the prooxidative effect of higher
concentration of grape seed extract (Frankel, 1998).

The effect of grape seed extract on TBARS values in
cooked turkey meat samples stored in air or under
vacuum at 4 1C up to 13 days is illustrated in Figs. 1
and 2. Oxidative rancidity measured as TBARS for all
samples increased during storage, but the highest
increases in TBARS over time were seen after the first
6 days in the control samples without the added
antioxidants and those packaged in air. Removal of
oxygen improved oxidative stability of the meat espe-
cially in samples without or with low concentrations of
grape seed extract. This is in accordance with results
reported by Lee and Ahn (2003), who stated that
TBARS values of turkey breast meat patties were
affected by external antioxidant, packaging atmosphere,
and storage period. They found that antioxidants
reduced lipid oxidation effectively both in aerobic and
vacuum-packaging, while aerobically packaged control
meat had considerably higher TBARS values than the
vacuum-packaged control meat stored for 5 days at 4 1C.
3.3. Volatile compounds

The most important volatiles isolated from cooked
turkey meat treated with different concentrations of
grape seed extract and stored under aerobic condition
for 13 days are listed in Table 2. Hexanal and pentanal,
both oxidation products of omega-6 fatty acids (Fran-
kel, Heff, & Selke, 1981; Frankel & Tappel, 1991), were
the most prominent and abundant individual volatile
compounds in the cooked turkey meat throughout
storage. The highest values of hexanal and pentanal
were found in samples without grape seed extract and
stored for 6 days namely 2137.0 and 274.0 ng/g,
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Table 2

Volatile compounds (ng/g meat) in air-packaged cooked turkey meat treated with grape seed extract at four concentrations and stored up to 13 days

at 4 1C

Concentration of grape seed extract (g/kg) 0.0 0.4 0.8 1.6

Storage period (days) 1 6 13 1 6 13 1 6 13 1 6 13

Retention time Volatile

3.53 Propanal 36.8 63.5 55.6 24.6 40.0 33.7 0.0 8.4 4.1 0.0 0.7 1.0

11.81 Pentanal 116.6 274.0 215.0 72.3 180.2 176.3 30.0 59.0 118.0 5.8 6.6 11.5

20.95 Hexanal 1014.1 2137.0 1727.0 797.7 1526.9 1744.6 282.0 774.3 828.2 78.0 144.5 231.1

27.38 1-Penten-3-ol 20.7 52.0 61.9 17.3 37.7 41.1 6.0 15.8 15.5 2.0 1.2 3.3

28.32 2-Heptanone 4.5 14.0 10.0 3.0 9.0 10.5 1.9 5.2 6.9 0.7 1.5 1.7

28.53 Heptanal 35.4 77.0 54.3 27.3 65.6 51.6 8.4 22.7 31.2 2.5 3.9 5.1

30.79 2-Hexenal (E) 3.8 10.0 9.9 3.0 8.6 7.5 0.0 4.4 4.7 3.3 3.5 3.3

32.88 1-Pentanol 40.0 140.0 235.6 43.8 134.1 158.4 16.6 67.7 59.5 6.4 12.4 21.2

34.31 Octanal 31.3 53.0 53.1 23.5 42.1 32.3 9.0 14.3 25.4 3.2 3.1 3.8

35.67 2-Heptenal (E) 13.7 19.0 28.6 9.0 15.9 13.4 3.5 6.3 6.8 1.0 0.9 1.7

36.73 1-Hexanol 9.5 23.0 425.4 8.7 20.9 41.8 5.2 12.7 13.8 3.0 4.2 4.6

37.91 Nonanal 71.1 119.5 146.5 65.1 113.0 81.0 17.0 16.0 35.5 8.5 11.5 14.5

38.99 2-Octenal 14.7 20.5 31.2 9.7 16.3 13.7 4.9 7.7 8.4 1.5 1.2 2.1

39.42 1-Octen-3-ol 89.5 165.5 153.0 60.1 119.9 126.7 31.4 66.6 67.2 10.8 13.2 19.2

39.55 1-Heptanol 4.0 21.0 31.1 9.2 24.1 25.5 3.6 12.2 12.1 1.7 2.7 4.2

41.66 2-Nonenal (E) 21.9 22.5 41.2 15.2 21.8 18.8 2.3 4.1 4.7 1.3 1.3 1.3

41.98 1-Octanol 10.9 33.0 34.3 10.6 30.6 33.2 6.4 19.7 22.0 4.5 5.9 7.5

43.30 2-Octen 1-ol (Z) 11.5 19.5 24.0 8.4 18.8 19.9 6.4 13.4 12.2 1.5 2.2 4.1

44.06 2-Decenal 10.2 11.0 16.6 5.9 11.6 8.8 2.3 4.0 5.4 0.9 0.8 1.1

47.00 2,4- Decadienal 17.1 23.0 42.0 11.2 19.3 16.5 7.1 10.2 10.0 2.2 2.6 3.2

Sum 1577.3 3298.0 3396.3 1225.6 2456.4 2655.3 444.0 1144.7 1291.6 138.8 223.9 345.5
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respectively. These compounds decreased from day 6 to
day 13, probably due to further oxidation and sub-
sequent generation of high concentrations of 1-pentanol
(235.6 ng/g) and 1-hexanol (425.4 ng/g) at the end of the
storage period. Heptanal originating from the oxidation
of n�6 and n�9 fatty acids, and propanal, which is an
oxidation product of n�3 fatty acids, showed the same
tendencies to decrease between 6 and 13 days of storage.
Other aldehydes measured in the samples without or
with the low concentration of grape seed extract showed
either a plateau or a minor increase during the second
part of the storage period (6–13 days). Hexanal
measured after 13 days of storage in samples treated
with the medium concentration of grape seed extract
showed slightly higher values than hexanal measured
in the low-concentration samples directly after cooking
(1 day). On the contrary, the reference samples had
about 200 ng/g more hexanal at the beginning of the
storage period than the medium-concentration samples
stored for 13 days. The samples treated with the high
concentration of grape seed extract had lower amounts
of hexanal throughout the storage period than the 1-day
samples with 0.8 g/kg extract. Volatiles such as pentanal,
1-pentanol, and 1-octen-3-ol followed hexanal both in
the medium- and high-concentration samples (Table 2).

The sum of volatile compounds at the four concen-
trations of grape seed extract in cooked turkey meat
samples stored for 13 days (4292 ng/g) confirmed a small
increase in the oxidation concentration compared to the
sum obtained after 6 days of storage (3825 ng/g). The
large differences between treatments were noticed both
directly after cooking and during the first storage
period. The highest concentration of grape seed extract
(1.6 g/kg) reduced the amount of volatile compounds
formed during cooking about eleven-, nine- and three-
fold relative to the reference (0.0), low concentration
(0.04) and medium concentration (0.8 g/kg). The forma-
tion of volatiles after 6 days was 20-, 14- and eight-fold
higher in the reference, and the low and medium
samples, respectively, than in high concentration sam-
ples. These comparisons demonstrated once again that
the efficiency of grape seed extract in retarding lipid
oxidation in cooked turkey meat occurring throughout
chill-storage was concentration-dependent.

3.4. Partial least squares (PLS) regression

To illustrate the relationships between the volatile
compounds and the TBARS values, a PLS-1 regression
was performed (Fig. 3). The regression model was based
on 19 significant volatile compounds (X-data) and the
TBARS values (Y-data) measured in cooked turkey
meat stored in air atmosphere for 13 days. Two PLS-
components (PCs) were validated, explaining 95%
and 96% of the variation in X- and Y-data, respectively.
PC1 (91%) of X-matrix explained 95% of variation in
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Fig. 3. Plots of scores and loadings for PC1 and PC2 obtained by PLS -1 for the significant volatile compounds and TBARS values measured in

cooked turkey meat treated with various concentrations of grape seed extract, namely: Reference (0.0), Low (0.4 g/kg), Medium (0.8 g/kg), and High

(1.6 g/kg), air-packaged and stored for 1, 6, and 13 days. (Example: GS-L-6 means the meat samples treated with low concentration of grape seed

stored for 6 days).
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Y-variable (TBARS). This means that information in
X-data was highly relevant with respect to Y-variable.
The score plot of the data showed that the samples
without antioxidant or with low concentration of grape
seed extract (0.4 g/kg) had positive values for PC1,
whereas samples with medium (0.8 g/kg) and high (1.6 g/
kg) concentration had negative values. This means that
PC1, which explained almost all variations (91%),
described differences between samples caused by con-
centration of grape seed extract in the meat and partially
by storage time. The second principal component (PC2),
which explained 4% and 1% of the variation in X- and
Y-data, respectively, illustrated the effect of storage
time. The samples with longer storage time (6 and 13
days) moved from the low part of the plot towards the
upper part.
The score plot visualized the interaction between
antioxidant concentration and storage time very well.
The samples with the high concentration of grape seed
extract were located close to each other in the lower left
corner, testifying a low rate of oxidation and a slight
impact of storage period. On the contrary, the samples
with lower concentration of grape seed extract (0.8 and
0.4 g/kg) were shifted towards the right and upper side
of the plot demonstrating greater oxidation changes
during the storage period with the low concentration of
antioxidant.

In the loadings plot, the volatile compounds and
TBARS were all located far to the right indicating that
these variables described the oxidized samples very well.
Variables located close to each other were positively
correlated. It seems that 1-octen-3-ol, pentanal, 2-octen



ARTICLE IN PRESS
M.B. Mielnik et al. / LWT 39 (2006) 191–198198
1-ol, hexanal and octanal were correlated the highest
with TBARS values and could therefore serve as
markers for the oxidation process in the cooked turkey
breast meat.

Results of univariate correlation confirmed that
TBARS values in the cooked turkey meat were highly
correlated with concentrations of 1-octen-3-ol
(r ¼ 0:98), 2-octen-1-ol (r ¼ 0:97), hexanal (r ¼ 0:96),
pentanal (r ¼ 0:96), octanal (r ¼ 0:96), 2-octenal
(r ¼ 0:96) and 1-penten-3-ol (r ¼ 0:96).
4. Conclusions

Generally, supplementation of ground turkey meat
with grape seed extract before processing proved to be
advantageous with regard to lipid stability of cooked
turkey meat stored cold, especially in air, but also under
vacuum. The efficiency of the grape seed extract
increased with increasing antioxidant concentration in
the studied range (0.4–1.6 g/kg). The addition of grape
seed extract combined with vacuum-packaging should
be considered as a good method to improve lipid
stability in cooked poultry meat.
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