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Abstract

Fresh beef steaks were sprayed on the surface with vitamin C (500 ppm), taurine (50 mM), rosemary (1000 ppm) and vitamin E

(100 ppm), the three latter in combination with 500 ppm of Vitamin C, packaged in modified atmosphere (70% O2+20%
CO2+10% N2) and stored at 1�1 �C for 29 days. Metmyoglobin formation, lipid oxidation (TBARS), instrumental colour (CIE
a*), psychrotrophic bacterial counts (PCA) and sensory discolouration and odour were determined. Results demonstrated that

surface application of antioxidant combinations resulted in an effective delay of oxidative deterioration of fresh beef steaks. Shelf
life was extended beyond that of control, according to evaluation of sensory attributes. Both combinations of vitamin C with either
rosemary or taurine significantly (P<0.01) extended the shelf life of fresh beef steaks by about 10 days. Rosemary was the most

effective in delaying oxidation processes. The combination of vitamins E and C was significantly (P<0.01) less effective than those
combinations in delaying meat oxidation. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

A bright red colour for meat is perceived by con-
sumers as indicative of freshness (Faustman, Cassens,
Schaefer, Buege, Williams, & Scheller, 1989). In fact,
colour is the most important single characteristic on
which consumers decide meat purchase (Jeremiah, Car-
penter, & Smith, 1972). With prolonged storage oxy-
myoglobin oxidises to metmyoglobin and gives meat an
unattractive brown colour. A common approach to
extending the shelf life of fresh red meats is the use of
modified atmosphere packaging. However, besides its
positive effect on meat colour, O2 also favours oxidation
reactions and therefore, discolouration (Faustman &

Cassens, 1990; O’Grady, Monahan, Bailey, Allen,
Buckley, & Keane, 1998). Oxidation of membrane
phospholipids leads to the formation of unpleasant fla-
vours (Gandemer, 1997). Oxymyoglobin and lipid oxi-
dation appear to be interrelated in meat (Anton,
Salgues, Gatellier, & Renerre, 1993). The balance
between pro-oxidative factors and antioxidative capa-
city favours oxidation in stored meat (Morrissey,
Sheehy, Galvin, Kerry, & Buckley, 1998).
The combined use of antioxidants and modified

atmosphere packaging for meat represents a realistic
and attractive strategy to increase the shelf life of fresh
meat (Giese, 1996). The interest in the application of
naturally occuring antioxidants has increased over
recent years, particularly since the use of synthetic anti-
oxidants has become less acceptable (Mielche & Bertel-
sen, 1994).
A few studies have been conducted on direct meat

treatment with a-tocopherol (vitamin E), although
much research has focused on supplementation of ani-
mal feed with a-tocopherol for improving myoglobin
and lipid stability of fresh beef along storage or retail
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display (Arnold, Scheller, Arp, Williams, & Schaefer,
1993; Eikelenboom, Hoving, Kluitman, Houben, &
Klont, 2000; Morrissey et al., 1998; O’Grady, Mon-
ahan, Burke, & Allen, 2000; Okayama, Imai, & Yama-
noue, 1987). Mitsumoto, Arnold, Schaefer, and Cassens
(1993) compared dietary versus postmortem meat sup-
plementation with vitamin E (solved in mineral oil), and
concluded that endogenous vitamin E improved pig-
ment and lipid stability much better than exogenous
vitamin E.
Regarding taurine, Siqueira, Oetterer, and Regitano

d’Arce (1997) reported that it acts as an antioxidant by
preventing or delaying oxidations. Keys and Zimmer-
mann (1999) also studied the antioxidant activity of
taurine; they found that taurine, combined with other
compounds, showed greatest protection against lipid
oxidation.
Rosemary extracts exhibit a potent antioxidant activ-

ity, and are widely used in the food industry. A number
of authors have reported the effectiveness of rosemary
for reaching higher sensory scores and lowering lipid
oxidation in various foods: Chang, Matijasevic, Hsieh,
and Huang (1977) used 200 ppm of rosemary, together
with 500 ppm of ascorbic acid, in lard; Barbut, Joseph-
son, and Maurer (1985) used 20 ppm in turkey meat;
Stoick, Gray, Booren, and Buckley (1991) used 500–
1000 ppm in beef steaks; Shahidi and Wanasundara
(1992) recommended concentrations ranging between
200 and 1000 ppm in various foods; Huisman, Madsen,
Skibsted, and Bertelsen (1994) used 0.05% in cooked
minced pork; Sánchez-Escalante, Djenane, Torrescano,
Giménez, Beltrán, and Roncalés (2001) used 1000 ppm
of rosemary, combined with 500 ppm of vitamin C, in
beef patties. It has been demonstrated that rosemary
extracts effectively inhibited hydroperoxide formation
(Frankel, Huang, Aeschbach, & Prior, 1996). The anti-
oxidant activity of rosemary extracts has been asso-
ciated with the presence of phenolic compounds, which
break free radical chain reactions by hydrogen atom
donation (Basaga, Tekkaya, & Acikel, 1997).
Ascorbic acid (vitamin C) has been also considered

for extending the retail display life of meat (Wheeler,
Koohmaraie, & Shackelford, 1996). Decker and Xu
(1998) found that ascorbic acid either promoted or
inhibited lipid oxidation reactions in muscle foods,
depending on its concentration. Vitamin C acts as sing-
let oxygen quencher (Elliott, 1999). According to this
author, ascorbic acid functions as a synergist, when
used in combination with other antioxidants, by pro-
moting their antioxidant effects. In fact, both vitamin E
and rosemary extracts have been used together with
ascorbic acid for preventing food oxidation. It has been
found that vitamin C regenerates vitamin E for protec-
tion against free radical attacks in vitro (Kinsella,
Frankel, German, & Kanner, 1993). Okayama et al.
(1987) indicated that postmortem dipping with vitamin

C and vitamin E solutions before modified atmosphere
packaging was very suitable for the storage of beef
steaks. Mitsumoto, Faustman, Cassens, Arnold, Schae-
fer, and Scheller (1991) concluded that vitamin E (6
ppm)+vitamin C (500 ppm) resulted in a lower pigment
and lipid oxidation than with any of the antioxidants
alone, showing a synergistic effect. Chang et al. (1977)
and Sánchez-Escalante et al. (2001) also demonstrated
that vitamin C enhanced the antioxidant effect of
rosemary extracts, though they afforded no data to
support an additive or synergistic effect.
The objective of the present research was to determine

the effect of natural antioxidants vitamin E, taurine and
rosemary extract, in combination with vitamin C, on the
inhibition of both lipid and pigment oxidations and,
consequently, on the extension of quality characteristics
of fresh beef steaks packaged in modified atmosphere.

2. Materials and methods

2.1. Preparation of samples

Longissimus dorsi muscles from three beef carcasses
(right sides) were obtained from the abattoir 48 h post-
slaughter, and trimmed of external fat. Steaks of about
100 g weight (1.5 cm thick and about 75 cm2 surface)
were aseptically cut, using sterile cutting boards and
knives, and exposed to air during 1 h at 1 �C to allow
blooming.
After blooming, samples were randomly divided into

six groups. One group was sprayed on meat surface with
vitamin C (500 ppm), according to a ratio of 2 ml solu-
tion to 100 g meat. The second group was sprayed with
the same amount of a solution of taurine (50 mM) and
vitamin C (500 ppm). The third group was treated with
a-tocopherol (100 ppm) and vitamin C (500 ppm) solu-
tions. The fourth group was treated with rosemary (500
ppm) and vitamin C (500 ppm) solutions. The fifth
group (water control samples) was sprayed with 2 ml of
sterile distilled water. The sixth group (water+n-pentane
control samples) was sprayed with 2 ml of n-pentane,
which readily evaporated, and 2 ml of sterile distilled
water. Solutions of taurine and l-ascorbic acid (both
from Sigma Chemical Co) were freshly prepared in sterile
distilled, deionised water. Alpha-tocopherol (Sigma
Chemical Co) and rosemary extract (Flavorguard#,
Chr. Hansen GmbH) were prepared using n-pentane.
Each steak was placed on a polystyrene tray of size

15.5�21.5�2.5 cm. The tray with the steak was intro-
duced in a pouch made of a polyethylene and polyamide
laminate (Sidlaw Packaging-Soplaril, Barcelona, Spain)
of water vapour permeability 5–7 g m�2 24 h�1 at 23 �C
and oxygen permeability 40–50 ml m�2 24 h�1 at 23 �C.
The pouch was filled with a gas mixture of 70%
O2+20% CO2+10% N2, supplied by Abelló Linde S.
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A. (Barcelona, Spain), thermosealed and stored in the
dark at 1�1 �C.
The packs were stored for either 6, 12, 18, 22 or 29

days. Thirty-six samples (six for each treatment) were
removed from the cabinet at each selected time for sub-
sequent analysis. Half of them were used for microbial
sampling alone, whereas the other half were used firstly
for sensory analysis, secondly for colour instrumental
analysis and thereafter for the determination of
TBARS.

2.2. Meat colour and metmyoglobin analysis

Meat colour was measured at the surface of beef
steaks using a reflectance spectrophotometer (Minolta
CM-2002; Osaka, Japan), 30 min after pack opening, in
order to allow colour stabilisation on air exposure. CIE
L* (lightness), a* (redness) and b* (yellowness) para-
meters were recorded (CIE, 1978). The average value for
each steak was the mean of 20–25 determinations.
The metmyoglobin (MetMb) percentage of the total

myoglobin perceptable at the steak surface was esti-
mated spectrophotometrically, according to Stewart,
Zipser, and Watts (1965), by measuring steak surface
reflectance at 525 and 572 nm (Minolta CM-2002;
Osaka, Japan). The maximum value of the ratios of (K/
S)572 to (K/S)525 at the beginning of the experiment was
fixed as 0% metmyoglobin; K and S were the absorp-
tion and the scattering coefficients, respectively, and K/S
ratios were calculated from reflectivity (R1) values
using the Kubelka–Munk equation. The value of 100%
MetMb was obtained following the same procedure after
oxidising a sample in a 1% (w/v) solution of potassium
ferricyanid (Ledward, 1970). The average value for each
steak was the mean of 20–25 determinations.

2.3. Lipid oxidation analysis

Lipid oxidation was assessed in duplicate by the 2-
thiobarbituric acid (TBA) method of Pfalzgraf, Frigg,
and Steinhart (1995), using 10 g of meat samples.
TBARS values were calculated from a standard curve of
malondialdehyde and expressed as mg malondialdehyde
kg�1 meat.

2.4. Microbial sampling and analysis

Two sterile cotton swabs moistened in 0.1% peptone
water were used for swabbing 10 cm2 of meat surface,
delimited by a sterile stainless steel template. Swabs
were stirred thoroughly in 10 ml of 0.1% peptone water.
Serial 10-fold dilutions were prepared by diluting 1 ml
in 9 ml of 0.1% peptone water. Two duplicate plates
were prepared from each dilution by pouring 1 ml in
fluid plate count agar (PCA; Merck; Darmstadt, Ger-
many); plates were incubated at 7 �C for 10 days

(ICMSF, 1983). Counts of aerobic psychrotrophic flora
were determined from plates bearing 20–200 colonies.
Counts were expressed as the log10 of colony forming
units/cm2.

2.5. Sensory evaluation

Meat samples were evaluated for discolouration and
odour by a six-member panel, trained according to the
method of Cross, Moen, and Stanfield (1978). Training
consisted of four sessions of approximately 1 h, in
which panelists were served beef steak samples for eva-
luation of selected attributes. Training sessions were
conducted to acquaint panelists with the products and
attributes to be evaluated, and were followed by an
open discussion. For rating surface discolouration,
samples with about 0, 10, 20, 60 and 100% discoloura-
tion were presented. For rating odour, meat samples
presenting different off odour characteristics within
the range of the evaluation scale were used. Samples
included non-packaged beef steaks either fresh or stored
at 2 �C for different times up to 3 weeks to allow off
odour formation related to meat spoilage. Panelists
were male (n=4) and female (n=2) laboratory cow-
orkers, and ranged in age from 24 to 50 years. They
were familiar with meat and taste panels, and consisted
of graduate students and faculty of the Food Technol-
ogy laboratory.
In all assessments, the surface of beef steaks was

evaluated 20 min after pack opening. The samples were
taken as needed from the cold room, identified with 3-
digit random numbers and placed in polystyrene trays
of 15.5�21.5 cm. Each panelist received one sample
(half steak) of each treatment randomly numbered and
served. Panelists were instructed to wash hands and
cleanse with distilled water to minimise extraneous
odours. All samples were evaluated under cool white
fluorescent lighting, positioned so that it provided about
800 lux (74.4 foot candles) at the counter surface. The
samples for evaluation were presented at room tem-
perature (about 25 �C).
The attributes ‘discolouration’ and ‘off odour’ were

rated using a 5-point descriptive scale, according to
Sørheim, Kropf, Hunt, and Warren (1996), and Dje-
nane, Sánchez-Escalante, Beltrán, and Roncalés (2001)
using a paper scorecard. Scores for ‘discolouration’
referred to percentage of discoloured surface: 1=none,
2=0–10%, 3=11–20%, 4=21–60%, and 5=61–100%.
Scores for ‘off odour’ referred to the intensity of off
odours associated to meat spoilage: 1=none; 2=slight;
3=small; 4=moderate; and 5=extreme.

2.6. Statistical analysis

The significance of differences among samples at each
day of storage was determined by analysis of variance
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using the least square difference method of the General
Linear Model procedure of SPSS (1995). Differences
were considered significant at the P<0.05 level. The
Pearson’s correlation matrix was calculated according
to SPSS (1995); correlations were considered significant
at the P<0.01 level. Data were also analyzed using a
multivariate statistical method. The principal compo-
nent loading and rotated factor matrix were determined
by using SPSS for Windows, release 7.5.2.S (SPSS,
1995). Double cross-validation was performed in order
to define the number of significant components in Prin-
cipal Component Analysis. This analysis included a
large data matrix integrated by all chemical, microbial
and instrumental parametres, measured in beef patties
subjected to all treatments on the day 29 of storage.

3. Results and discussion

3.1. Metmyoglobin percentage

Fig. 1 depicts the results of metmyoglobin formation,
expressed as percentage of metmyoglobin of total sur-
face myoglobin. In order to avoid misunderstanding,
control data shown were the mean of all samples sprayed
with either water or n-pentane+water, since no sig-
nificant (P>0.05) differences were found among them.
Results demonstrated that all of the antioxidant combi-
nations effectively delayed metmyoglobin formation.
This effect was evident from day 18 of storage onwards,
showing significant (P<0.05) differences with untreated
control samples. In fact, after 29 days of storage, none

of the treated steaks reached 40% of surface metmyo-
globin, with the exception of vitamin C alone, while
myoglobin of control steaks was oxidised to nearly
100%. Treatment with vitamin E+vitamin C was sig-
nificantly (P<0.05) less effective than any other combi-
nation. Greene, Hsin, and Zipser (1971) reported that a
consumer panel rejected samples of fresh beef with a
percentage of MetMb greater than 40%. Therefore,
according to them, the presence of any of the antioxidant
combinations would contribute to meat acceptance by
consumers along the whole storage time. However,
Hood and Riordan (1973) stated that consumers dis-
criminated already at 20% MetMb formation.
Regarding vitamin E, Okayama et al. (1987) reported

that treatment with vitamin E+vitamin C was very
useful for delaying metmyoglobin accumulation. Yin,
Faustman, Riesen, and Williams (1993) also reported
that myoglobin oxidation in a liposome model was
greatly reduced by its combination with ascorbate.
Mitsumoto et al. (1991) demonstrated that exogenous
treatment with vitamin E+vitamin C maintained a very
low surface metmyoglobin percentage in ground meat.
However, the same authors reported a very low effect of
exogenous vitamin E when compared to dietary supple-
mentation (Mitsumoto et al., 1993).
With regard to taurine effect, Siqueira et al. (1997)

already reported that taurine exerted an antioxidant
effect by preventing or delaying oxidative reactions.
However, no assessment of its effect on delaying myo-
globin oxidation had been thus far reported. The effect
of rosemary extract agreed with the results of Sánchez-
Escalante et al. (2001), who found that this extract
combined with vitamin C was very useful for preventing
myoglobin oxidation in ground beef patties. The syner-
gistic effect of vitamin C when used in combination with
other antioxidants was already proposed by Elliott
(1999).

3.2. Instrumental colour

Values of CIE a* (redness) are depicted in Fig. 2.
Control data were as explained for Fig. 1. Treatment
with antioxidant combinations led to significant differ-
ences (P<0.05) with the controls from day 18 of storage
onwards. At the end of the storage period (29 days),
untreated samples had very low a* values, below 5,
while all other possessed a* values above 10, repre-
sentative of a manifest bright red colour, which reflected
a sharp difference in redness index among them.
Treatment with rosemary combined with vitamin C

resulted in the most intense red colour at the end of sto-
rage, showing the highest (P<0.05) a* values, of about
16. This value of a* was reached at day 12 of storage of
the control samples; therefore, rosemary+vitamin C
retarded colour loss by about 2 weeks. Treatment with
taurine+vitamin C had a lower protective effect of

Fig. 1. Metmyoglobin percentage (�S.D.; n=3) in beef steaks treated

with different antioxidants, packaged in modified atmosphere and

stored at 1 �C: (*) control; (~) vitamin C; (!) vitamin E+vitamin

C; (^) taurine+vitamin C; (&) rosemary+vitamin C.
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redness than rosemary, while the combination of vita-
min E and vitamin C was less effective in maintaining
red colour. However, even the latter retarded colour
loss by about 10 days with respect to untreated samples.
The overall effect of antioxidant combinations on a*

values agreed fairly with the results of metmyoglobin
formation discussed earlier. They were in agreement,
too, with previous reports regarding treatment with
antioxidants before modified atmosphere packaging;
indeed, Okayama (1987) indicated that this treatment
was very suitable for the storage of beef steaks.

3.3. TBA reactive substances

Fig. 3 shows the results of TBA reactive substances
(TBARS) throughout the storage of treated and
untreated steaks. Control data were as explained for
Fig. 1. All of the antioxidant combinations exerted a
significant (P<0.05) inhibitory effect on the formation
of TBARS, although not with the same intensity. The
most effective combinations were those of taurine and
rosemary extract with vitamin C, while the effect of the
combination of vitamins E+C was significantly lower
(P<0.05) than those. Differences were significant
(P<0.05) from day 18 of storage onwards, except for
treatment with vitamin C alone, which were significant
(P<0.05) from day 22 onwards.
Rosemary and taurine exerted considerable inhibition

of oxidative processes, which resulted in about 50% less
TBARS than in the control after 29 days of storage. The
antioxidant effect of rosemary extracts has been well
documented (Frankel et al., 1996), and was used in a

variety of meat preparations (Huisman et al., 1994;
Sánchez-Escalante et al., 2001). Regarding taurine, its
antioxidant effect has been demonstrated in some
human organs (Keys & Zimmerman, 1999), whereas it
had been thus far not tested as an antioxidant in foods.
Vitamins E+C were effective in inhibiting lipid oxi-

dation, although their effect was the lowest of all com-
binations, in agreement with their relatively low
protective effect on myoglobin oxidation. Exogenous
vitamin E alone was shown to reduce lipid oxidation in
minced meat stored in high O2 atmospheres (O’Grady et
al., 2000). Though it has been reported that a-toco-
pherol with vitamin C had a higher effect than a-toco-
pherol alone. In fact, Mitsumoto et al. (1991) found that
the exogenous treatment with vitamin E+vitamin C
maintained low TBARS values in ground meat during 7
days of storage. Okayama et al. (1987) also reported
that beef steaks dipped in a vitamin E+vitamin C
solution had low TBARS values throughout 13 days of
storage.

3.4. Microbial analysis

Counts of psychrotrophic aerobic flora throughout
storage of beef steaks are shown in Fig. 4. Control data
were as explained for Fig. 1; no significant (P>0.05)
differences were found between both control samples,
which were sprayed on the surface with either water or
n-pentane+water (data not shown). Therefore, an anti-
microbial effect of n-pentane must be discarded. Micro-
bial counts of all samples gradually increased along
storage, and reached final relatively low values of 5–6

Fig. 2. Values of CIE a* (�S.D.; n=3) in beef steaks treated with

different antioxidants, packaged in modified atmosphere and stored at

1 �C: (*) control; (~) vitamin C; (!) vitamin E+vitamin C; (^)

taurine+vitamin C; (&) rosemary+vitamin C.

Fig. 3. TBARS (mg malonaldehyde/kg meat) (�S.D.; n=9) in beef

steaks treated with different antioxidants, packaged in modified

atmosphere and stored at 1 �C: (*) control; (~) vitamin C; (!) vita-

min E+vitamin C; (^) taurine+vitamin C; (&) rosemary+vitamin

C.
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log10 cfu cm�2. Samples treated with rosemary extra-
ct+vitamin C exhibited lower counts during the whole
period of storage, but the difference was only significant
(P<0.05) from day 22 of storage onwards. Several
researchers indicated the antibacterial effect of many
herbs and spices. Regarding rosemary extracts, Pandit
and Shelef (1994) showed that Listeria monocytogenes
was strongly inhibited by addition (0.3%) of a rosemary
extract; however, its inhibitory effect on meat psychro-
throphic bacteria growth had been, as far as we are
aware, reported only by Ouattara, Simard, Holley,
Piette, and Begin (1997) using pure rosemary essential
oils. It has been also reported that microbial counts
were not affected by treatment with ascorbic acid (Shi-
vas, Kropf, Hunt, Kastner, Kendall, & Dayton, 1984).

3.5. Sensory analysis

Results of the sensory evaluation of discolouration
and odour are shown in Table 1. Control data were as
explained for Fig. 1. These results clearly demonstrated
that beef steaks treated with any of the antioxidant
combinations were given lower scores (P<0.05) than
untreated steaks from day 18 of storage onwards for
discolouration and from day 12 for off-odour. However,
the various antioxidants differed significantly (P<0.05)
in their protective effect. Rosemary extract+vitamin C
were the most effective, followed by taurine with vita-
min C, while vitamins E and C together were the least
effective of the combinations. This intensity order of the
protective ability on meat quality of the antioxidant
combinations, as measured by sensory evaluation, con-

sistently agreed with their effectiveness in preventing
both myoglobin and lipid oxidation.
Discolouration scores given to untreated steaks

showed that broad discoloured areas were evident at the
18th day of storage, while only small discoloured areas
were present in treated samples until the end of the sto-
rage period. Only those containing vitamins E+C
showed significant discolouration from day 18 onwards.
Therefore, steaks treated with either taurine and
rosemary extract, both with vitamin C, extended sig-
nificantly (P<0.05) the shelf life of packaged steaks.
Our results demonstrated similar patterns for the

rates of discolouration, a* values and metmyoglobin
percentage changes. The storage time at which dis-
colouration scores reached a value of three was assigned
to samples with a proportion of MetMb of about 30–
40%, which coincided with previous reports of Greene
et al. (1971) and Renerre and Mazuel (1985) for causing
beef steak rejection by purchasers in retail display.
Off-odour was absent or slight on the untreated sam-

ples for 12 days; this corresponded to a TBARS value of
about 1.0, which is in good agreement with values pre-
viously reported by Tarladgis, Watts, Younathan, and
Dugan (1960). Off-odour of steaks treated with either
taurine or rosemary extract, together with vitamin C,
was scored as absent, slight or small until the day 22 of
storage, in correspondence to TBARS values of about
1.0. That is to say that the shelf life of treated steaks
would be extended, on the basis of perceived off-odour,
for over 10 days. Treatment with vitamin E extended
shelf life for about 6 days.
Greene and Cumuze (1981), in a study to determine

the relationship between TBARS values and inexper-
ienced taste panel assessments of oxidised lipid flavour,
found that a TBA range of 0.6–2.0 was required for
inexperienced taste panelists to detect oxidised flavours;
Tarladgis et al. (1960) reported a range of 0.5 to 1.0 for
experienced panelists.

3.6. Principal components analysis

Fig. 5 depicts the results of principal components
analysis (PCA) of all data corresponding to the 36
samples of day 29 of storage. The first component,
which explained 72.9% of the differences among treat-
ments, was able to neatly discriminate control samples
from any antioxidant treatment. The second compo-
nent, which explained 21.4% of the differences, dis-
criminated mainly treatments among them. Therefore,
PCA provided an unquestionable demonstration of the
effectiveness and significance of all antioxidant treat-
ments. As discussed previously, PCA confirmed that
vitamin C alone and the combination of vitamins E+C
exerted a significant but moderate effect, while taurine
and rosemary extract, both with vitamin C, exerted a
significant and remarkable antioxidant effect.

Fig. 4. Plate count agar numbers (�S.D.; n=6) of psychrotrophic

aerobes in beef steaks treated with different antioxidants, packaged in

modified atmosphere and stored at 1 �C: (*) control; (~) vitamin C;

(!) vitamin E+vitamin C; (^) taurine+vitamin C; (&) rosemary

+vitamin C.
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4. Conclusions

Our results demonstrated that surface application of
natural antioxidants prior to modified atmosphere
packaging resulted in an effective delay of oxidative

deterioration of fresh beef steaks. The results of PCA of all
data corresponding to day 29 of storage were conclusive of
the effect brought about by antioxidant treatments. Con-
sequently, shelf life was extended and, therefore, treated
meat maintained its quality characteristics for a longer

Table 1

Effect of antioxidant treatments on sensory panel scores (mean�S.D.) for discolouration and off odour of beef steaks packaged in modified atmo-

sphere (70% O2+20% CO2+10% N2) at 1�1 �Ca

Attribute Antioxidant treatment Days of storage

0 6 12 18 22 29

Discolourationb Untreated samples (control) 1.0�0.0a 1.0�0.0a 1.7�0.6a 4.0�0.0a 4.8�0.9a 5.0�0.0a

Vitamin C 1.0�0.0a 1.0�0.0a 1.6�0.5a 2.8�0.6b 3.7�0.7b 4.0�0.0b

Vitamin E+vitamin C 1.0�0.0a 1.0�0.0a 1.9�0.7a 2.5�0.7b 3.2�0.8b 3.6�0.7b

Taurine+vitamin C 1.0�0.0a 1.0�0.0a 1.8�0.8a 2.1�0.8b 2.4�0.8c 2.6�0.6c

Rosemary+vitamin C 1.0�0.0a 1.0�0.0a 1.6�0.7a 1.8�0.8c 2.0�0.0c 2.0�0.0d

Off Odourc Untreated samples (control) 1.0�0.0a 1.3�0.6a 3.2�0.9a 4.0�0.0a 5.0� 0.0a 5.0�0.0a

Vitamin C 1.0�0.0a 1.0�0.0a 1.4�0.6b 3.3�0.6b 3.6�0.5b 4.0�0.0b

Vitamin E+vitamin C 1.0�0.0a 1.0�0.0a 1.2�0.7b 3.2�0.8b 3.4�0.7b 3.9�0.8b

Taurine+vitamin C 1.0�0.0a 1.0�0.0a 1.2�0.7b 2.0�0.0c 2.3�0.8c 3.3�0.6c

Rosemary+vitamin C 1.0�0.0a 1.2�0.4a 1.0�0.0b 1.8�0.8c 2.2�0.7c 3.2�0.7c

a Mean values in the same column and relating to each attribute are significantly different when accompanied by different letters (P<0.05).
b 1=None (0%), 2=0–10%, 3=11–20%, 4=21–60%, 5=61–100%.
c 1=None, 2=Slight, 3=Small, 4=Moderate, 5=extreme.

Fig. 5. Regression factor scores of principal components analysis of all measured parameters (�S.D.; n=18) at the day 29 of storage of beef steaks

treated with different antioxidants, packaged in modified atmosphere and stored at 1 �C: (&) control; (*) vitamin C; (~) vitamin E+vitamin C;

(!) rosemary+vitamin C; (*) taurine+vitamin C.
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period than the control, according to the evaluation of
its sensory attributes. Both combinations of vitamin C
with either rosemary extract or taurine extended the
shelf life of fresh beef steaks by about 10 days. Rosem-
ary combination with vitamin C was the most effective
in delaying myoglobin oxidation and lipid oxidation.
The combination of vitamins E and C was significantly
less effective than any other in delaying meat oxidation,
though its effect was more intense than that of vitamin
C alone. Those data strongly suggest that all the com-
binations tested have a valuable potential for their use
as natural antioxidants in fresh beef steaks packaged in
modified atmosphere.
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