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Abstract

The objective of this study was to investigate the effects of the packaging method on the lipid and protein oxidation, and
color in aged top round from Hanwoo (Korean native cattle) for 14 d at 4°C. Catalase activity was the highest (»<0.05) in
vacuum packaging (VP) treatment during storage, and was higher (p<0.05) in 50% Ox-MAP and 50% Ox-MAP-+vacuum
skin packaging (VSP) treatments than in other treatments at d 14. Superoxide dismutase activity was higher (p<0.05) in VP,
50% Ox-MAP, and 50% Ox-MAP+VSP treatments than in other treatments at d 14. During storage, total antioxidant activ-
ity was the highest (p<0.05) in VP treatment and was higher (p<0.05) in 50% Ox-MAP+VSP treatment than in 80% Ox-
MAP treatment. TBARS value was the lowest (»<0.05) in VP treatment during storage and was lower (»p<0.05) in 50% Ox-
MAP and Ox-MAP+VSP treatments than in 80% Ox-MAP and Ox-MAP treatments, respectively. Carbonyl content was the
lowest (p<0.05) in VP treatment from 10 d. From 7 d, the a* value was the highest (p<0.05) in VP treatment and was higher
(»<0.05) in 50% Ox-MAP and 50% Ox-MAP+VSP treatments than in other treatments. The b* value was the highest
(»<0.05) in VP treatment from 3 d, and was higher (p<0.05) in 80% Ox-MAP+VSP, 50% Ox-MAP, and 50% Ox-MAP+
VSP treatments than in 80% Ox-MAP treatment at d 14. Therefore, VP improved the oxidation and red color stabilities in
stored-aged top round compared with Ox-MAP. In addition, 50% Ox-MAP improved the lipid oxidation and red color sta-
bilities compared with 80% Ox-MAP, and its inhibitory effect on lipid oxidation was enhanced by combination with VSP.
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Introduction

The proper selection of packaging method is important
for preservation of freshness and retardation of decline in
quality in the meat products after slaughter and process-
ing. Since 1950’s, from hand-wrapped paper to functional
materials film packaging, several packaging methods
have been developed for consumption and distribution of
meat products (Brody, 2002).

Vacuum packaging (VP) and modified atmosphere pac-
kaging (MAP) may be the most common packaging me-
thods for storage of fresh meat. VP has strong suppres-
sant effects on oxidation and microbe with condition of
little oxygen but leads to the unattractive purple color with

*Corresponding author: Soohyun Cho, Animal Products Research
and Development Division, National Institute of Animal Sci-
ence, RDA, Suwon 441-706, Korea. Tel: +82-31-290-1703,
Fax: +82-31-290-1697, E-mail: shc0915@korea.kr

high proportion of deoxymyoglobin (Jeremiah, 2001). On
the other hand, MAP (particularly, high oxygen (80% O,/
20% CO,)-MAP) is effective for enhancement of color
stability together suppression of microbial growth with
filled O, and CO, but promotes the oxidative deteriora-
tion (Kim et al., 2010; McMillin, 2008; Ordéfiez and
Ledward, 1977, Silliker and Wolfe, 1980; Serheim et al.,
1997). Furthermore, MAP is mainly applied to display
unlike VP that is widely used in all storage systems inclu-
ding aging and freezing.

Recently, vacuum skin packaging (VSP) is also utilized
for retail display of meat worldwide. This packaging me-
thod has similar properties to VP, MAP, and wrap pack-
aging. The VSP film, which is heat-expansible material,
is tightly adhered to the surface of meat on tray by high
temperature and vacuum pressure and then is completely
stuck to tray. This process can render further enhanced
appearance to consumer with prevention of surface air
hole and crease, and purge loss when compared with VP

@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



274 Korean J. Food Sci. An., Vol. 34, No. 3 (2014)

that causes the losses of water and shape in meat with
strong compression (Lagerstedt ef al., 2011; Santos et al.,
2005; Vazquez et al., 2004). Moreover, some studies have
reported that VSP was more effective for betterment of
color stability and extension of shelf-life than VP and had
similar effect on maintenance of red color to high oxy-
gen-MAP (Barros-Velazquez et al., 2003; Li et al., 2012).

In the meat, lipid oxidation is promoted by storage en-
vironments, such as O, concentration, temperature, light
etc. and accelerates the accumulation of metmyoglobin and
chemical deterioration of protein with generation of free
radicals (Kanner, 1994; Monahan, 2000; Zakrys et al.,
2009). Discoloration brings out the consumer’s refusal to
buy the meat and incurs the economic loss of retail (Gre-
ene et al., 1971; Smith e al., 2000). Protein oxidation
develops toxic compounds and odor and negatively influ-
ences the texture and water-holding capacity by decompo-
sition and denaturation of the meat protein (Davis and
Dean, 2003; Morzel et al., 2006; Xiong, 2000). After all,
maintenance or enhancement of the oxidative stability could
be a key point to conserve the meat quality during storage.

Therefore, we worked to investigate the effect of pack-
aging method on the lipid oxidation, protein oxidation,
and color in aged top round from Hanwoo (Korean native
cattle) during refrigerated storage.

Materials and Methods

Reagents and chemicals

Trizma base, cacodylic acid, diethylenetriaminepenta-
acetic acid (DTPA), pyrogallol, ethylenediaminetetraace-
tic acid disodium salt dehydrate (EDTA), glutathione re-
ductase (from Baker’s yeast; GSH-R), L-glutathione re-
duced (GSH), B-nicotinamide adenine dinucleotide hyd-
rate (NADPH), pipes, potassium ferricyanide, ammonium
sulfamate, lead acetate, trichloroacetic acid (TCA), 2,4-
dinitrophenylhydrazine (DNPH), guanidine hydrochloride,
and serum albumin from bovine were purchased from
Sigma-Aldrich Co. LLC. (USA). The 2-thiobarbituric acid
was purchased from Alfa Aesar (USA). Ethanol, ethyl
acetate, and chloroform were obtained from J. T. Baker
(USA). Deionized water was made with a Milli-Q Water
Purification Equipment (Millipore SAS, France).

Preparation of samples and experimental design

The top rounds (quality grade : 1) from Hanwoo (Korean
native cattle) steers at 2 d post-slaughter were obtained
from a local meat market and aged for 7 d at 2°C. Follow-
ing removal of backfat, connective tissue, and blood, the

lean beef were sliced into about 1 cm thickness and pack-
aged either with; 1) vacuum (VP), 2) 80% O,/20% CO,/
0% N,-modified atmosphere (80% Ox-MAP), 3) vacuum
skin + 80% Ox-MAP (VSP+80% Ox-MAP), 4) 50% O,/
20% CO,/30% N,-modified atmosphere (50% Ox-MAP),
or 5) vacuum skin+50% Ox-MAP (VSP+50% Ox-MAP).
The VP treatment was packaged with 7 layer co-extrusion
films (nylon+tie+tLLDPE+tie+nylon+tie+LLDPE; Food-
Saver pouch, Rollpack Co., Ltd., Korea) and vacuum
packaging machine (CD-120, Webomatic Maschinenfab-
rik GmbH, Germany). The MAP treatments were pack-
aged with polystyrene barrier foam trays (Max. O, trans-
mission rate: 0.1 cc/em?>24h at 23°C, RH 0%, Max.
moisture vapor transmission rate : 7.87 mg/cm>24 h at
38°C, RH 100%; SCB 00-096, Cryovac Sealed Air Corp.,
USA), O, barrier films (Max. O, transmission rate: 0.002
cc/em®24h at 4.4°C, RH 100%, Max. moisture vapor
transmission rate : 0.39 mg/cm?-24 h at 4.4°C, RH 100%;
Lid 1050, Cryovac Sealed Air Corp., USA), and MAP ma-
chine (MAP-RT1, HyperPac Co., Korea) equipped with a
gas mixer (MAP Mix 9001 ME, PBI Dansensor A/S,
Ringsted, Denmark). In case of the VSP +MAP treatments,
the samples were placed into polystyrene barrier foam
trays and then packaged with permeable intact films (100
247492, Cryovac Sealed Air Corp., USA) and vacuum
skin packaging machine (VSP-S100, Samhwa Co., Korea)
before packaging with MA. All samples were stored for
14 d at 4°C after aging and the experimental parameters
were measured at 1, 3, 7, 10, and 14 d.

Gas composition analysis

The concentrations (%) of O, and CO, in MAP were
analyzed using a portable gas analyzer (OxyBaby M+X
0,/CO,, Witt-Gasetechnik GmbH & Co., KG, Germany).
The concentration (%) of nitrogen was calculated as 100
minus percentages of O, and CO,.

Analysis of antioxidant enzyme activity

For analyses of activities of antioxidant enzymes, 5 g of
samples were homogenized with 20 mL of ice-cold phos-
phate buffer (50 mM, pH 7.0) using an Ultra-Turrax (T25
Digital, Ika Werke GmbH & Co., Germany) for 30 s at
13,500 rpm, centrifuged for 15 min at 2°C, 1,000 g (Avanti
J-E Centrifuge, Beckman Coulter, Inc., USA), and then
filtered with Whatman filter paper No. 1. Catalase activ-
ity was performed according to the method developed by
Aebi (1983). Immediately after mixing 100 uL of filtrates
with 29 mM H,0, (in phosphate buffer, pH 7.0), the de-
composition rate of H,O, was spectrophotometrically
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(ProteomeLab DU-800, Beckman Coulter, Inc., USA) ana-
lyzed for 30 s at 240 nm at 25°C. Superoxide dismutase
activity was conducted as described by Marklund (1986).
The inhibition of autooxidation of 0.2 mM pyrogallol (in
tris-cacodylate-DTPA buffer, pH 8.2) by 50 uL of filtrates
was monitored for 2 min at 420 nm at 25°C. Glutathione
peroxidase (GSH-Px) activity was analyzed following the
enzymatic protocol reported by Flohé and Giinzler (1984).
One hundred milliliters of filtrates were mixed with 1 mM
EDTA-1 mM NaN,-0.5 units/mL. GSH-R-1 mM GSH-0.15
mM NADPH-0.15 mM H,O, (in phosphate buffer, pH
7.0) and then the oxidation rate of NADPH was measured
for 3 min at 340 nm at 25°C. The activities of all antioxi-
dant enzymes were expressed with change rates of absor-
bance per min as units enzyme per g meat.

Total antioxidant activity measurement

Total antioxidant ability (TAA) was measured with the
process slightly modified by Lee ef al. (1981). Two grams
of samples were homogenized with 10 mL of ice-cold pi-
pes buffer (25 mM, pH 5.8) by a Polytron (PT-MR 2100,
Kinematica AG, Switzerland) for 15 s at 13,500 rpm. Fol-
lowing incubation with 2 mL of potassium ferricyanide (5
mM) for 1 h on an ice under the dark, 5 mL of homoge-
nates were mixed with 100 uL. of ammonium sulfamate
(40 mM), 200 uL of lead acetate (0.5 M), 2.5 mL of TCA
(20% (w/v)) and then made up to 10 mL with DW. The
final mixtures were centrifuged for 10 min at 2°C, 3,000
g (Avanti J-20XP Centrifuge, Beckman Coulter, Inc., USA)
before filtering with Whatman filter paper No. 42 and
then measured at 420 nm. The results were expressed as
absorbance value of blank (1 mM potassium ferricyanide)
minus absorbance values of samples.

TBARS value measurement

The 2-thiobarbituric acid reactive substances (TBARS)
value was conducted following the method previously
reported by Sinnhuber and Yu (1977). Before heated for
30 min at 100°C and ice-cooled for 10 min, 0.5 g of sam-
ples were mixed with about 0.1 g of antioxidant mixture
(54% (w/w) propylene glycol-40% (w/w) Tween 20-3%
(w/w) BHT-3% (w/w) BHA), 3 mL of 1% (w/v) TBA-
0.3% (w/v) NaOH, and 17 mL of 2.5% (w/v) TCA-36
mM HCI. The upper solutions were spectrophotometri-
cally measured at 532 nm following combined with chlo-
roform and then centrifuged for 30 min at 3,000 g at 4°C
(Avanti J-E Centrifuge, Beckman Coulter, Inc., USA). The
TBARS value was expressed as mg of malonaldehyde
(MA) per kg of sample.

Carbonyl content measurement

The carbonyl content was analyzed with the process
established by Mercier ef al. (1998). Two grams of sam-
ples were homogenized with 20 mL of ice-cold KCI (0.15
M) and filtered with Whatman filter paper No. 1. One
hundred microliters of filtrates were incubated either with
0.5 mL of 0.2% (w/v) DNPH (in 2 N HCI; for carbonyl
content) or 2 N HCI (for protein content) for 1 h under
the dark, combined with 0.6 mL of ice-cold 20% (w/v)
TCA, and then placed for 10 min at 2°C. After centri-
fuged for 5 min at 2°C, 3,000 g (Microfuge 22R Centri-
fuge, Beckman Coulter GmbH, Germany), the sediments
were rinsed with 50% (v/v) ethanol (in ethyl acetate) at
three times, dried in a hood, dissolved in 1 mL of 6 M
guanidine hydrochloride (in 0.02 M potassium phosphate,
pH 6.5), and then spectrophotometrically measured at
370 (DNPH-incubated) and 280 (HCl-incubated) nm. The
carbonyl content was calculated with millimolar extinc-
tion coefficient (22.0 mMem'; Reznick and Packer, 1994)
and standard curve of bovine serum albumin as nmol car-
bonyl per mg protein.

Surface color determination

The color (L*, a*, and b* values) on the surface of sam-
ples was determined using a chroma meter (CR-400, Ko-
nica Minolta Sensing, Inc., Japan) calibrated with a white
plate (illuminant C; L*=97.70, a*=-0.05, and b*=1.94).
The MAP and VSP+MAP treatments were measured im-
mediately after opening of packs while the VP treatment
was measured after blooming of 30 min.

Statistical analysis

All experimental data during storage times were ana-
lyzed by Analysis of Variance (ANOVA) of SPSS (2011)
program. By Duncan’s multiple range tests, the signifi-
cant differences among the means of treatments at the
same storage time were compared at p<0.05.

Results and Discussion

Antioxidant enzyme activity

The effect of packaging method on the antioxidant en-
zyme activity in aged top round from Hanwoo (Korean
native cattle) for 14 d of storage at 4°C was indicated in
Table 1. The cattle tissues possess enzymatic antioxidant
system, such as catalase, SOD, and GSH-Px etc., which
protect against the attacks of free radicals (Chan and
Decker, 1994). Even post-slaughter, antioxidant enzymes
remain in beef muscles and chiefly work their own bio-
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Table 1. Effect of packaging method on the antioxidant enzyme activity in aged top round from Hanwoo (Korean native cattle)

during storage at 4°C

Items Storage time (d) VP 80% Ox-MAP  80% Ox-MAP+VSP  50% Ox-MAP  50% Ox-MAP+VSP
Catalase 1 129.49+14.04° 91.94+8.90° 99.02+18.38° 105.51+10.30° 101.57+3.96°
(Units/ 7 114.89+16.86° 87.23+6.87° 86.74+6.46° 84.15422.45° 85.96+18.22°
g meat) 14 127.7148.53° 70.35+15.37° 81.33+7.32¢ 93.70+6.57° 97.87+9.56°
GSH-Px 1 2.13+0.20 1.98+0.41 2.22+0.18 2.14+0.33 2.28+0.22
(Units/ 7 2.33+0.24 2.16+0.49 2.30+0.14 2.11£0.40 2.01+0.42
g meat) 14 2.39+0.50 2.05+0.53 2.29+0.45 2.42+0.46 2.38+0.51
SOD 1 114.46£10.43 105.07+15.27 118.47£3.97 114.80+9.16 112.24+5.80
(Units/ 7 156.46+5.34 135.07+13.21 139.39+14.27 147.55+6.84 149.08+11.68
g meat) 14 120.61£6.30° 101.19+7.06° 110.20+10.09° 123.74+11.35 120.95+5.84°

**Means+S.D. in the same row with different superscripts differ significantly (p<0.05).

logical functions at the first phase in oxidation processes
(Halliwell and Gutteridge, 1989; Renerre et al., 1996).
Catalase (hydrogen peroxide: hydrogen peroxide oxi-
doreductase; E.C. 1.11.1.6) is a tetrameric haemin enzy-
me which subsists in all living creatures and aerobic
microorganism and has much higher activity (decomposi-
tion of 10° H,O, per 1 s) compared with other enzymes
(Aebi, 1983). During storage, VP treatment had signifi-
cantly (p<0.05) the highest catalase activity. The 50%
Ox-MAP and 50% Ox-MAP+VSP treatments showed
significantly (p<0.05) higher catalase activity at d 14 com-
pared with 80% Ox-MAP and 80% Ox-MAP+VSP treat-
ments. There were not significant differences for catalase
activity by packaging with or without VSP within Ox-
MAP treatments of same O, concentration. GSH-Px (glu-
tathione: hydrogen peroxide oxidoreductase; E.C. 1.11.1.
9) is a selenoprotein enzyme containing a selenium and
prevents the oxidative harm by deoxidization of H,0, and
lipid hydroperoxides (Flohé and Giinzler, 1984). It did
not show any difference among all treatments for 14 d.
SOD (superoxide: superoxide oxidoreductase; E.C. 1.15.1.
1) includes the Cu, Zn, and Mn etc. as co-factors and
reduces two superoxide anion (O,”) molecules into one
H,0, molecule (Marklund, 1986). At d 14, VP, 50% Ox-
MAP, and 50% Ox-MAP+VSP treatments presented sig-
nificantly (p<0.05) higher than 80% Ox-MAP and 80%
Ox-MAP+VSP treatments. SOD activity did not also in-
dicate significant differences between Ox-MAP and Ox-
MAP+VSP treatments during storage. Thus, VP and 50%
Ox-MAP with or without VSP maintained higher levels
for activities of some antioxidant enzymes in the aged top
round during refrigerated storage than 80% Ox-MAP
with or without VSP. This finding is supported by a report
of Kang et al. (2012), who found that the activity of some
antioxidant enzyme was kept higher by lower O, concen-
tration in the beef packaged with 0-75% Ox-MA for 8 d
of storage at 15°C/RH 100%.

Total antioxidant activity

The effect of packaging method on the total antioxidant
activity (TAA) in aged Hanwoo top round during storage
is presented in Fig. 1. TAA is an assay to evaluate the
ability which the meat reduce ferrous ions (Fe*") to ferric
ions (Fe’") (Lee et al., 1981). VP treatment had signifi-
cantly (p<0.05) the highest TAA during 14 d of storage.
The 50% Ox-MAP + VSP treatment maintained signifi-
cantly (p<0.05) higher TAA for 14 d compared with 80%
Ox-MAP treatment and had higher (p<0.05) TAA than
80% Ox-MAP treatment at only d 1. The 50% Ox-MAP
treatment tended to have higher TAA than 80% Ox-MAP
but showed the significantly (p<0.05) higher value at only
7 d. During storage, there were not significant differences
for TAA between Ox-MAP and Ox-MAP+VSP treat-
ments within MAP treatments of same O, concentration.
Thus, VP and 50% Ox-MAP with or without VSP kept
higher TAA in the stored-aged top round compared with
high Ox-MAP (80% Ox-MAP) with or without VSP. This
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Fig. 1. Effect of packaging method on the total antioxidant
activity (TAA) in aged top round from Hanwoo (Ko-
rean native cattle) during storage at 4°C. Values are
means+ S.D. *“Different letters indicate significant dif-
ferences among packaging methods within the same stor-
age time (p<0.05).
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result is similar to a previous research of Seyfert et al.
(2012), who observed that the beef packaged with 20%
Ox-MA had higher total reducing ability than 80% Ox-
MA in 7 d of retail display.

TBARS value

During storage, the value of TBARS (Fig. 2) was sig-
nificantly (p<0.05) the lowest in VP treatment. The 50%
Ox-MAP+VSP treatment had significantly (p<0.05) lower
TBARS value from 7 and 10 d than 80% Ox-MAP and
80% Ox-MAP+VSP treatments and also showed lower
(p<0.05) TBARS value than 50% Ox-MAP treatment at d
14. The 80% Ox-MAP+VSP treatment presented lower
(p<0.05) TBARS value compared with 80% Ox-MAP
treatment at d 14. Thus, VP and 50% Ox-MAP inhibited
the lipid oxidation in the stored-aged top round compared
with 80% Ox-MAP. This result is in agreement with the
result of Zakrys et al. (2009) who reported that the beef
packaged with 80% Ox-MA had the higher TBARS value
in 12 d of storage at 4°C compared with 40, 50, 60, 70%
Ox-MA. In addition, in our study, combination of Ox-
MAP and VSP retarded the lipid oxidation by Ox-MAP.
This may be because VSP had the similar vacuum effect
to VP and slightly prevented the direct contact bet- ween
beef and O, in Ox-MA.

Carbonyl content

Free radicals originated from oxidation processes oxi-
dize the meat protein, leading to production of carbonyls
(Davis and Dean, 2003). As shown in Fig. 3, VP treatment
presented significantly (p<0.05) lower carbonyl content
from 10 d than Ox-MAP and Ox-MAP+VSP treatments.
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Storage time (d)
—e—VP & 80% Ox-MAP

—a—80% Ox-MAP + VSP —a-50% Ox-MAP
—4—50% Ox-MAP + VSP

Fig. 2. Effect of packaging method on the TBARS value in
aged top round from Hanwoo (Korean native cattle)
during storage at 4°C. Values are means+S.D.

The 50% Ox-MAP and 50% Ox-MAP+VSP treatments
indicated a tendency to have lower carbonyl content dur-
ing storage compared with 80% Ox-MAP and 80% Ox-
MAP+VSP treatments. However, no significant differ-
ences were observed for carbonyl content among Ox-
MAP and Ox-MAP+VSP treatments during storage. Sim-
ilarly, Lund ef al. (2007a) reported that 100% N,-MAP
delayed the generation of carbonyl in the beef for 6 d of
storage at 4°C compared with 80% Ox-MAP. Besides,
they found that there were not significant differences for
carbonyl content between the beef packaged with vacuum
skin and 70% Ox-MA for 14 d of storage at 4°C (Lund et
al., 2007b).

Surface color

The effect of packaging method on the surface color
during storage is indicated in Table 2. At only d 10, the
L* value was higher (»p<0.05) in 80% Ox-MAP treatment
than in other treatments but did not present a certain ten-
dency by packaging method during storage. From 7 d of
storage, the a* value was significantly (p<0.05) the high-
est in VP treatment and was also higher (p<0.05) in 50%
Ox-MAP and 50% Ox-MAP+VSP treatments compared
with 80% Ox-MAP and 80% Ox-MAP+VSP treatments.
The b* value was significantly (p<0.05) the highest in VP
treatment from 3 d. At the last day, 80% Ox-MAP+VSP,
50% Ox-MAP, and 50% Ox-MAP+VSP treatments had
significantly (p<0.05) higher level at the last day com-
pared with 80% Ox-MAP treatment. Thus, in aged top
round, VP and 50% Ox-MAP with or without VSP main-
tained higher level for red color during storage compared
with 80% Ox-MAP with or without VSP. This finding is
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- 80% OXx-MAP
—=—80% Ox-MAP + VSP —-a- 50% Ox-MAP
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—e— VP

Fig. 3. Effect of packaging method on the carbonyl content
in aged top round from Hanwoo (Korean native cat-
tle) during storage at 4°C. Values are means+S.D.
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Table 2. Effect of packaging method on the surface color in aged top round from Hanwoo (Korean native cattle) during storage

at 4°C
Ttems  Storage time (d) VP 80% OX-MAP __ 80% Ox-MAP+VSP__ 50% Ox-MAP __ 50% Ox-MAP+VSP

1 42.66+3.68 44.93+1.68 4477£3.14 43.97+1.35 4328+1.94
3 43.72+1.90 43.89+2.00 43.48+1.47 42.49+1.36 43.04+2.11

L* 7 43.38+2.79 43.46+1.82 45.16%3.49 46.48+3.84 43.184+2.30
10 39.79+1.73¢ 45.26+2.20° 42.91+1.68" 43.51+1.93% 42.94+1.60°
14 44.04+2.28 45.75+2.06 44.98+2 .80 45.48+3.34 45.60+2.72
1 24.86+0.79 2428+1.64 23.55+2.07 23.01+£2.55 24.04+1.03
3 23.41+1.97° 2420+1.21% 24.48+1.22° 24.804+2.25° 24.70+1.29*

a* 7 24.394+2.652 21.47+1.53¢ 21.31+2.37¢ 23.02+1.94° 22.14+1.87°
10 24.48+1.152 17.90+1.60° 18.2241.21¢ 19.05+1.98° 19.36+1.85°
14 22.16+4.80% 13.2342.79° 13.36+1.25¢ 14.49+1.66° 14.85+1.69°
1 11.42+0.73° 10.57£1 .27 10.19+0.98° 10.06+1.45° 12.37+0.65°
3 11.06+1.65° 10.08+0.68° 10.40+0.78° 10.41+1.39° 10.98+0.64°

b* 7 11.72+1.45 8.94:+0.90¢ 9.65+0.66° 10.32+£0.91° 9.63+0.97¢
10 10.91£0.712 7.94+0.68" 8.18+0.88" 7.710.55° 7.90+0.89°
14 11.42+0.85° 6.87+0.69° 7.4241.49° 7.58+1.26° 7.75+1.25°

*Means+S.D. in the same row with different superscripts differ significantly (»p<0.05).

supported by a previous research of Faustman and Cas-
sens (1990) who reported that the discoloration of meat is
promoted by lipid oxidation. Our result is agreement with
the finding of Kim et al. (2010) who observed that the
beef stored with VP maintained higher a* value for 9 d at
1-3°C compared with 80% Ox-MAP. As well, Kang ef al.
(2012) also reported that high O, concentration in MAP
accelerated the decrease of red color in the beef during
storage. However, the finding from this study is contrary
to previous studies (Barros-Velazquez et al., 2003; Li et
al., 2012) observed that the beef stored with VSP had
higher color stability than VP. This is because our study
made use of VSP film with higher O, transmission rate
(O, permeable) than theirs.

Conclusion

In this study, VP was the most effective for inhibition
of lipid and protein oxidation and preservation of red
color. This may be due to stabilization of antioxidant
enzyme and maintenance of total antioxidant activity. The
50% Ox-MAP also retarded the lipid oxidation and dis-
coloration with stabilization of antioxidant enzyme com-
pared with 80% Ox-MAP. In addition, combination with
Ox-MAP and VSP lowered the lipid oxidation by Ox-
MAP. But VSP had lower inhibitory effect on oxidative
deterioration than VP due to being packaged with O, per-
meable film.

Acknowledgements

This study was supported by 2013 year Postdoctoral

Fellowship Program (Project No. PJ907000022013) of
National Institute of Animal Science, Rural Development
Administration, Republic of Korea.

References

1. Aebi, H. E. (1983) Catalase. In: Methods of enzymatic anal-
ysis. Bergmeyer, H. U., Bergmeyer, J., and Graal, M. (eds),
Verlag Chemie GmbH, Weinheim, Germany, pp. 273-286.

2. Barros-Velazquez, J., Carreira, L., Franco, C., Vazquez, B. 1.,
Fente, C., and Cepeda, A. (2003) Microbiological and phy-
sicochemical properties of fresh retail cuts of beef packaged
under an advanced vacuum skin system and stored at 4°C. J.
Food Prot. 66,2085-2092.

3. Brody, A. L. (2002) Meat packaging: past, present and fu-
ture. 55th reciprocal meat conference, East Lansing, Michi-
gan, USA.

4. Chan, K. M. and Decker, E. A. (1994) Endogenous skeletal
muscle antioxidants. Crit. Rev. Food Sci. Nutr. 34, 403-426.

5. Davis, M. J. and Dean, R. T. (2003) Radical-mediated pro-
tein oxidation. Oxford Science Univ., London, England, pp.
215.

6. Faustman, C. and Cassens, R. G. (1990) The biochemical
basis for discoloration in fresh meat: a review. J. Muscle
Foods 1,217-243.

7. Flohé, L. and Giinzler, W. A. (1984) Assays of glutathione
peroxidase. In: Methods in enzymology. Packer, L. (ed), Aca-
demic Press, Inc., London, UK, pp. 114-121.

8. Greene, B. E., Hsin, 1., and Zipser, M. W. (1971) Retardation
of oxidative color changes in raw ground beef. J. Food Sci.
36, 940-942.

9. Halliwell, B. and Gutteridge, J. M. C. (1989) Free radicals in
biology and medicine. 2nd ed, Clarendon Press, Oxford, UK,
pp. 144.

10. Jeremiah, L. E. (2001) Packaging alternatives to deliver fresh
meats using short- or long-term distribution. Food Res. Int.
34, 749-772.



Effect of Packaging Method on the Oxidative Stability in Aged Top Round

279

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kang, S. M., Muhlisin, Kim, G. Y., Cho, S., Park, B., Jung, S.,
and Lee, S. K. (2012) Relationship of antioxidant enzyme ac-
tivity, lipid oxidation, and aroma pattern of Hanwoo (Korean
cattle) beef under oxidation-promoted condition. Korean J.
Food Sci. An. 32, 346-353.

Kanner, J. (1994) Oxidative processes in meat and meat pro-
ducts: quality implications. Meat Sci. 36, 169-189.

Kim, Y. H., Huff-Lonergan, E., Sebranek, J. G,, and Loner-
gan, S. M. (2010) High-oxygen modified atmosphere pack-
aging system induces lipid and myoglobin oxidation and pro-
tein polymerization. Meat Sci. 85, 759-767.

Lagerstedt, A., Ahnstrom, M. L., and Lundstrom, K. (2011)
Vacuum skin pack of beef - A consumer friendly alternative.
Meat Sci. 88, 391-396.

Lee, M., Cassens, R. G., and Fennema, O. R. (1981) Effect of
meat ions on residual nitrite. J. Food Proc. Preserv. 5, 191-
205.

Li, X., Lindahl, G., Zamaraskaia, G., and Lundstrom, K. (2012)
Influence of vacuum skin packaging on color stability of beef
longissimus lumborum compared with vacuum and high-oxy-
gen modified atmosphere packaging. Meat Sci. 92, 604-609.
Lund, M. N., Hviid, M. S., and Skibsted, L. H. (2007a) The
combined effect of antioxidants and modified atmosphere
packaging on protein and lipid oxidation in beef patties during
chill storage. Meat Sci. 76, 226-233.

Lund, M. N., Lametsch, R., Hviid, M. S., Jensen, O. N., and
Skibsted, L. H. (2007b) High-oxygen packaging atmosphere
influences protein oxidation and tenderness of porcine long-
issimus dorsi during chill storage. Meat Sci. 77, 295-303.
Marklund, S. L. (1986) Pyrogallol autooxidation. In: CRC
handbook of methods for oxygen radical research. Green, R.
A. (ed), CRC Press, Boca Raton, USA, pp. 243-247.
McMillin, K. W. (2008) Where is MAP going? A review and
future potential of modified atmosphere packaging for meat.
Meat Sci. 80, 43-65.

Mercier, Y., Gatellier, P., Viau, M., Remignon, H., and Ren-
erre, M. (1998) Effect of dietary fat and vitamin E on colour
stability and on lipid and protein oxidation in turkey meat
during storage. Meat Sci. 48,301-318.

Monahan, F. J. (2000) Oxidation of lipids in muscle foods:
fundamental and applied concerns. In: Antioxidants in mus-
cle foods: nutritional strategies to improve quality. Decker,
E. A., Faustman, C., and Lopez-Bote, C. J. (eds), John Wiley
& Sons, Inc., NY, USA, pp. 3-23.

Morzel, M., Gatellier, Ph., Sayd, T., Renerre, M., and Laville,
E. (2006) Chemical oxidation dcreases proteolytic suscepti-
bility of skeletal muscle myofibrillar proteins. Meat Sci. 73,
536-543.

Ordoiiez, J. A. and Ledward, D. A. (1977) Lipid and myoglo-
bin oxidation in pork stored in oxygen- and carbon dioxide-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

enriched atmospheres. Meat Sci. 1, 41-48.

Renerre, M., Dumont, F., and Gatellier, Ph. (1996) Antioxi-
dant enzyme activities in beef in relation to oxidation of lipid
and myoglobin. Meat Sci. 43, 111-121.

Reznick, A. Z. and Packer, L. (1994) Oxidative damage to
proteins: Spectrophotometric method for carbonyl assay. In:
Methods in enzymology (Oxygen radicals in biological sys-
tems). Packer. L. (ed), Academic Press, Inc., San Diego, USA,
Vol. 233, pp. 357-363.

Santos, E. M., Diez, A. M., Gonzélez-Fernandez, C., Jaime,
1., and Rovira, J. (2005) Microbiological and sensory changes
in “Morcilla de Burgos” preserved in air, vacuum and modi-
fied atmosphere packaging. Meat Sci. 71, 249-255.

Seyfert, M., Mancini, R. A., Hunt, M. C., Tang, J., and Faust-
man, C. (2007) Influence of carbon monoxide in package at-
mospheres containing oxygen on colour, reducing activity, and
oxygen consumption of five bovine muscles. Meat Sci. 75,
432-442.

Silliker, J. H. and Wolfe, S. K. (1980) Microbiological safety
considerations in controlled atmosphere storage of meats.
Food Technol. 34, 59-63.

Sinnhuber, R. O. and Yu, T. C. (1977) The 2-thiobarbituric
acid reaction, an objective measure of the oxidative deterio-
ration occurring in fats and oils. J. Jpn. Soc. Fish. Sci. 26,259-
267.

Smith, G. C., Belk, K. E., Sofos, J. N., Tatum, J. D., and Wil-
liams, S. N. (2000) Economic implications of improved color
stability in beef. In: Antioxidants in muscle foods: nutritional
strategies to improve quality. Decker, E. A., Faustman, C., and
Lopez-Bote, C. J. (eds), John Wiley & Sons, Inc, NY, USA,
pp. 397-426.

Serheim, O., Aune, T., and Nesbakken, T. (1997) Technolog-
ical, hygienic and toxicological aspects of carbon monoxide
used in modified-atmosphere packaging of meat. Trend Food
Sci. Technol. 8,307-312.

SPSS (2011) PASW Statistics 21. Statistical Package for the
Social Sciences Incorporated, Illinois, USA.

Vazquez, B. 1., Carreira, L., Franco, C., Fente, C., Cepeda, A.,
and Velazquez, J. B. (2004) Shelf life extension of beef retail
cuts subjected to an advanced vacuum skin packaging sys-
tem. Eur. Food Res. Technol. 218, 118-122.

Xiong, Y. L. (2000) Protein oxidation and implications for
muscle food quality. In: Antioxidants on muscle foods. Dec-
ker, E., Faustman, C., and Lopez-Bote, C. (eds), John Wiley
and Sons, Inc., NY, USA, pp. 85-111.

Zakrys, P. 1., O’Sullivan, M. G,, Allen, P., and Kerry, J. P.
(2009) Consumer acceptability and physicochemical charac-
teristics of modified atmosphere packed beef steaks. Meat
Sci. 81, 720-725.

(Received 2014.2.17/Accepted 2014.4.4)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


