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Abstract This study examined the effects of vacuum packaging and modified atmosphere packaging (MAP) on the meat
quality of a-tocopherol supplemented broiler chicks after prolonged refrigeration. The supplemented o-tocopherol levels had
no effect on the body weight and feed efficiency. The dietary treatments and packaging methods had no significant effects on
the level of microbial growth, lightness, and the metmyoglobin content. The vacuum packaging showed the highest level of
purge loss. The broilers supplemented with either 200 or 400 IU of a-tocopherol had a lower level of malondialdehyde than
the control group. The vacuum packaged meats from chicks fed the control diet showed the highest levels of lipid oxidation.
The lipid oxidative stability was most improved in modified atmosphere (20% CO, + 80% N,) packaged breast meat from the
broilers supplemented with either 200 or 400 U of a-tocopheryl acetate.
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Introduction

Lipid oxidation and discoloration are the major causes of
the deterioration in meat quality during refrigeration.
Poultry meat is sensitive to oxidative deterioration due to
the high levels of polyunsaturated fatty acids (1, 2). Many
studies have reported that lipid oxidation in meat products
can be effectively controlled using antioxidants (3-6). The
oxidative stability and shelf life of poultry meat can be
easily improved by feeding poultry a higher level of
dietary antioxidants (7).

It is well known that a-tocopherol supplementation in
poultry diets increases the a-tocopherol concentration in
the tissue with a concomitant increase in the stability of
the meat (8-10). a-Tocopherol is a chain-breaking lipid
antioxidant and a free radical scavenger in cell membrane
and sub-cellular organs (11). The antioxidant effect of a.-
tocopherol on the breast and thigh muscles of chickens has
been well documented (12, 13).

Vacuum and modified atmosphere packaging (MAP)
has gained popularity in the past few years in the meat
industry (14, 15). Oxygen, nitrogen, and carbon dioxide
are the gases normally used in MAP. The elimination of
O, from packaging as well as the introduction of different
CO; and N, concentrations inhibits the growth of aerobic
micro-organisms, proteolytic bacteria, yeast, and fungi
(16). The effectiveness of MAP to extend the shelf life of
chicken meat has been examined (17, 18). Generally,
studies on rancidity have been performed using processed
meats or after the addition of antioxidant supplements into
the feed (4, 19). However, there are few studies on the
effects of vacuum packaging or MAP on the lipid
oxidation level in poultry meat over extended periods.
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This study investigated the effects of vacuum packaging
and the MAP system on the quality change in meat
obtained from a-tocopherol supplemented broiler chicks
during extended refrigeration periods up to 24 days.

Materials and Methods

Birds and diets Two hundred and forty male broiler chicks
(Arbor Acres, 1 day old) were randomly assigned to 5
pens containing 48 chicks each, which correspond to 5
dietary treatments. This experiment was repeated 3 times
(total 720 chicks, 144 chicks/treatment, 48 birds/pen).
Table 1 and 2 show the ingredients and composition of the
starter and basal diets. Up to 3 weeks of age, the chicks
were fed the same starter diet. From 3 to 6 weeks of age, 5
different a-tocopherol levels were supplied to the chicks
as follows: The control (CON) received the basal diet
consisting of a-tocopherol at a rate of 20 IUkg feed;
Treatments 1 (50), 2 (100), 3 (200), or 4 (400) were fed
the basal diet supplemented with 50, 100, 200, or 400 IU
of all-rac-o-tocopheryl acetate’kg feed, respectively. The
chicks were maintained on a 24-hr constant lighting
schedule and given access to feed and tap water ad libitum
until slaughter at 42 days of age. The body weight and
feed consumption for the individual pens were recorded at
1,7, 14, 21, 32, and 42 days.

Packaging and storage After 42 days of feeding, all the
broilers were slaughtered at a conventional slaughtering
plant, and the carcasses were chilled in a spin chiller. The
carcasses were then weighed and packed individually
using the following 4 different packaging methods: MAP1
and MAP 2 were packed using BB4l pouches with a low
gas permeability (7 cc/m?/24 hr O, at 4°C and 80% RH,
150 cc/m?/24 hr CO, at 23°C and 75% RH, water vapor
transmission rate was 1.5 g/m%24 hr at 38°C and 100%
RH) and flushed with either 100% N, (MAP1) or 80% N,
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Table 1. Ingredients and composition of the starter diets fed up
to 3 weeks of age

249

Table 2. Ingredients and composition of the basal diets fed from
3 to 6 weeks of age

Ingredient %  Composition C:Illzll]}lgzd Ingredient % Composition C:};;‘i;f?sd
Com, yellow 37.51 Moisture 11.44 Comn 35.00 Moisture 11.66
Wheat 25.00 Crude protein 19.00 Corn gluten meal 1.83 Crude protein 20.00
Lupine-kernel 5.00 Crude fat 6.61 Wheat 25.00 Crude fat 5.80
Soybean meal 20.61 Crude fiber 2.84 Lupine-Kernel 8.00 Crude fiber 2.82
Rapeseed meal 130 Crude ash 4.64 Soybean meal 21.65 Crude ash 4.65
Fish meal 486 Metabolizable energy (cal/g) 3,060 Fish meal 1.35 Metabolizable energy (cal/g) 3,031
Yellow grease 3.00 Lysine 0.98 Yellow Grease 4.00 Lysine 1.13
Lysine-HCl 0.34 Methionine 0.34 Lysine-HCl 0.07 Methionine 0.44
Limestone 029 Met+ Cys 0.67 Limestone 0.48 Met+ Cys 0.77
Tricalcium phosphate  1.00  Threonine 0.70 Tricalcium phosphate 1.36 Threonine 0.77
NaCl 0.13  Tryptophan 0.21 NaCl 0.24 Tryptophan 0.23
Wheat bran 0.23  Available lysine 0.90 Wheat bran 0.34 Available lysine 1.04
Methionine 0.21 Available methionine 0.32 Methionine 0.12 Available methionine 0.41
Threonine 0.05 Available Met + Cys 0.63 Mineral premix" 0.10 Available Met + Cys 0.72
Mineral premix”  0.10  Available threonine 0.65 Vitamin premix” 0.09 Available threonine 0.71
Vitamin premix?  0.10 Available tryptophan 0.20 Choline chloride 0.12 Available tryptophan 0.21
Choline chloride 0.12 Calcium 0.80 Salinomycin 0.10 Calcium 0.80
Clinacox 0.05 Total phosphate 0.61 Flavomycin 0.08 Total phosphate 0.64
virginia-M 0.05 Available phosphate 0.37 Bio-plus 0.05 Available phosphate 0.41
Bio-plus 0.05 Sodium 0.14 Sodium 0.14
Chloride 0.20 Chloride 0.20

YMeineral premix provided per kg of ration with 50 mg Fe, 70 mg Mn,
50 mg Zn, 7 mg Cu, 0.4 mg Co, 0.17 mg Se, and 0.75 mg L.

DVitamin premix provided per kg of ration with 13000 IU A, 2600 TU
Dy, 20 IU E, 2.5 mg K;, 0.02 mg By, 4.0 mg riboflavin, 10 mg pan-
tothenic acid, 40 mg niacin, 1.0 mg folic acid, 0.08 mg biotin, and 0.5
mg ethoxyquin.

and 20% CO, (MAP2), respectively. VAC1 was vacuum-
sealed in Cryovac B550T bags and subsequently heat
shrunk in 82°C water according to the manufacturer’s
recommendations. VAC2 was packed in vacuum bags
(Cryovac BB4L; oxygen permeability 30 cm*/m?/24 hr at
23°C, 0% RH and 1 bar) and sealed using a vacuum
packaging machine (GSL-2000; Vac Star, Switzerland).

The packaged carcasses were then stored in a 4°C cold
room for 6, 12, 18, or 24 days. After each time point, the
individual carcasses were reweighed and the level of purge
loss was reported as a percentage. The individual carcasses
were then trimmed in order to obtain the breast (pectoralis
major) muscles.

Shelf life evaluation Total mesophilic count, discolora-
tion, and lipid oxidation of the samples were analyzed on
days 6, 12, 18, and 24. For the total mesophilic count, a 10
x10 cm area of the skin was swabbed with a sterile cotton
swab (Fisher Scientific, Pittsburgh, PA, USA), and serially
diluted (10" to 107) with 0.2% sterile peptone water. After
a 10-fold dilution, 1 mL of the diluents was transferred to
a petri dish and pour-plated with Plate Count Agar (Difco

DMineral premix provided per kg of ration with 50 mg Fe, 70 mg Mn,
50 mg Zn, 7 mg Cu, 0.4 mg Co, 0.17 mg Se, and 0.75 mg L.

BVitamin premix provided per kg of ration with 13000 IU A, 2600 TU
D;, 20 IUE, 2.5 mg K, 0.02 mg B,,, 4.0 mg rivoflavin, 10 mg pan-
tothenic acid, 40 mg niacin, 1.0 mg folic acid, 0.08 mg biotin, and 0.5
mg ethoxyquin.

Laboratories, Detroit, MI, USA) in duplicate. After mixing
completely, the plates for the total mesophilic counts were
incubated at 32°C for 48 hr. After incubation, the total
mesophilic count was determined, and the total mesophilic
counts were reported as colony forming units (log cfu)/
cm’® meat sample. The muscle color (CIE L*, a*, and b*)
was measured using a Minolta chromameter (CR-300;
Minolta Camera Co., Osaka, Japan). The percentage of
metmyoglobin accumulation on the muscle surface was
determined as described by Krzywicki (20). The lipid
oxidation level was determined using the thiobarbituric
acid (TBA) procedure reported by Salih et al. (21), which
was modified by Ahn et al. (22). These results are
expressed as milligrams of malondialdehyde (MDA) per
kg of tissue.

Statistical analyses The data were analyzed by ANOVA
using the GLM procedure in the SAS PC software (SAS
Inst., Inc., Cary, NC). The model included the effects of
the dietary treatment, packaging method, storage times,
and their interactions. When a significant difference
(p<0.05) was detected, the mean values were separated
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using the probability difference (PDIFF) option at a
predetermined probability of 5%. The results are presented
as the least square means (LSM) for each treatment group
along with the standard error.

Results and Discussion

Performance of broiler chicks The all-rac-o-tocopheryl
acetate given to the broilers at 50, 100, 200, or 400 TU/kg
feed from 3 to 6 weeks of age had no effect on the body
weight and feed efficiency (Table 3). The a-tocopherol
requirement of the broiler chicks, recommended by the
National Research Council (USA), is 10 TU/kg of diet, but
Combs and Scott (23) reported that at least 30 TU of
vitamin E per kg of diet is needed to minimize the
susceptibility of hepatic microsomes to peroxidation. Hag
et al. (24) showed that a higher allowance of vitamin E
had beneficial effects on chicks under commercial
production conditions.

In this study, there were no beneficial effects of o-
tocopherol supplementation on growth, similar to the
findings of Guo et al. (11), who reported that the growth
performance of broiler. chicks was not influenced by
vitamin E supplementation of 50 or 100 mg/kg from 4 to 6

Table 3. Effect of dietary o-tocopheryl acetate supplementa-
tion on the body weight and feed efficiency in broiler chicks

Treatment”
Varible ~ CON 50 100 200 400
Body weight (g)
3 83 83 43 43
Tday 029 02y  ©2 02 (©02)
130 132 131 133 130
[ T W C Y | W Y ) W % s WA E X
321 319 319 320 32
Wday ooy g2 72 d2 (12
618 618 621 620 619
day 205 205 (284) (181) (284
g 1261 1249 1253 1259 1251
Y (224) 24 (24) (224) (224)
o 1872 1874 1877 1871 1869
Y (343)  (343) (343) (343) (343)
Feed efficiency (gain/feed)
1 7dy OB 043 043 043 043
©03)  (0.03) (003 (003  (0.03)
- 057 056 056 056 0.6
T-ldday 051y o1 ©01)  (001)  (0.01)
§ 049 049 049 049 048
M2lday oy 002 (002 (002 (0.02)
~ 051 050 049 050 050
20-32day 001 ©O01)  (©01)  (0.01)  (0.01)
. 042 043 043 042 043
3:42day o1y 01)  (001)  (0.01)  (0.01)

DTreatment 50, 100, 200, or 400 were fed the basal diet (a-tocopherol
at a rate of 20 TU/kg feed) supH(Iemented with 50, 100, 200, or 400 IU
of all-rac-oi-tocopheryl acetate/kg feed, respectively.

2 Standard error of least square means.
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weeks of age or from 0 to 6 weeks of age. Sheehy ef al.
(25) also reported that dietary a-tocopherol levels of 5, 25,
65, or 180 mg/kg did not affect chicken growth.

Shelf life evaluation The effects of o~tocopherol
supplementation and packaging methodology on microbial
growth: The total plate count was measured to determine
the level of microbial growth on broiler meat samples. The
dietary treatments and packaging methods had no
significant effects on the total plate count (Table 4). A
similar level of microbial growth was observed in all 4
different packaging methods. Microbial growth increased
with increasing storage time. After 18 days storage, the
total viable counts reached high numbers (p<0.001).
Despite the large microbial populations, the overall aspect
throughout the storage period remained acceptable.
Previous studies have shown that the effectiveness of the
MAP system is due to nitrogen delaying the oxidative
rancidity and inhibiting the growth of aerobic micro-
organisms by displacing oxygen in the package (26). The
addition of carbon dioxide acts as an antimicrobial agent,
and inhibits the growth of microorganisms during the
logarithmic phase and extends the lag phase (26). In this
study, the level of microbial growth was similar in the
vacuum and modified atmosphere packed samples.

The effect of a-tocopherol supplementation and packaging
methodology on purge loss: No differences in the purge
loss attributable to a-tocopherol supplementation were
noted (data not shown). This finding is consistent with
those reported by Cannon et al. (27) where vitamin E
supplementation had no real effect on the water holding
capacity of poultry meat. However, the effect of the
packaging methods on the purge loss measured after 6, 12,
and 24 days was significant (Table 5, p<0.001). Samples
packed with 100% N, (MAP1) or 80% N, + 20% CO,
(MAP2) showed a similar purge loss during the storage
period. However, poultry packaged under vacuum (VAC2)
showed the highest level of purge loss until 24 days of
storage. Therefore, modified atmosphere packaging
decreased the level of purge loss more efficiently -than

Table 4. Total mesophilic counts (log cfu/cm?) in broiler chicken
meat stored under extended refrigeration

Packagin% Days of storage Level of
methods’ 6 12 18 24 significance”
446° 452° 504> 6.15° o
MAPL 40P 423) @11 (5.08)
3.18  4.79° 518 6.00° -
MAP2  311)  (466) (443) (528)
3410 448°  520°  6.15° .
VACL  323) 4200 (4200 (5.23)
404 451*% 515  6.32° -
VACZ  415)  (446) (459) (5.66)
*Least square means within row with no common superscripts differ
significantly (p<0.05).

UMAP1, modified atmosphere package (N, 100%); MAP2, modified

atmosphere package (N, : CO, = 80 : 20); VACI, heat-shrink vacuum
ackage; VAC2, vacuum package.

Standard error of least-square means.

Ievel of significance: “p<0.01; " p<0.001.
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Table 5. Effect of the packaging methods on purge loss (%) in
broiler chicken meat stored under extended refrigeration

Packaging methods”

Level of
Days of storage MAPI MAP2 VACl1 VAC2 significance”
6 3.86° 447" 515° 588° .
2)
(025 (025) (025) (0.25)
B 466" 5.03* 558 657 -
(024) (024) (0.24) (0.24)
510 550 572 576
13 (0.25) (027) (0.25) (0.25) NS
4 5090 545 498 7.86° .
(0.36) (0.37) (0.35) (0.38)

*“Least square means within row with no common superscripts differ

significantly (p<0.05).

P 1, modified atmosphere package (N, 100%); MAP2, modified
atmosphere package (N, : CO,, 80 : 20); VACI, heat-shrink vacuum
gackage; VAC2 = vacuum package.

DStandard error of least-square means.

I evel of significance: NS, not significant; ™*"p<0.001.

vacuum packaging. Bentley er al. (28) also reported that
nitrogen atmosphere packages had the lowest level of
purge loss while those packaged with no gas backflush
had the highest levels.

The effect of o-tocopherol supplementation and
packaging methodology on meat discoloration: Figure 1
shows the surface meat lightness (L*) and the level of
surface metmyoglobin accumulation in the breast muscle
during 24 days of refrigerated storage. The lightness of the
breast muscle in the broiler chicks supplemented with

75
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different o-tocopherol levels showed large variations
during storage (Fig. 1A). No significant differences in this
parameter were observed in the samples packaged under
either vacuum or under MAP (Fig. 1B). The metmyoglobin
content increased in all the treatments with increasing
storage time up to 24 days. The level of surface
metmyoglobin accumu-lation showed a similar rate of
discoloration, and this tendency was unaffected by the
dietary a-tocopherol supple-ments (Fig. 1C) and the
different packaging methods (Fig. 1D). The differences in
the metmyoglobin content observed during the extended
storage were related to the intensity of the oxidation
process that occurs during the storage.

The formation of metmyoglobin is positively correlated
to lipid oxidation (29). Mikkelsen et al. (30) reported that
free radicals produced during lipid oxidation could alter
the heme chemistry and initiate pigment oxidation. Lynch
et al. (31) also reported that vitamin E-supplemented beef
showed less metmyoglobin formation than the unsupple-
mented beef. In this study, the dietary o-tocopherol
supplements and the packaging methods showed no clear
advantage in terms of meat color and discoloration.

The effect of o-tocopherol supplementation and
packaging methodology on lipid oxidation levels in
poultry meat: The influence of dietary supplementation
with a-tocopherol on lipid oxidation in breast muscle is
shown in Fig. 2A. The amount of TBA increased in all the
treatments during storage for up to 24 days, and there were
some differences (p<0.05) between the treatments. The
broilers fed 400 1U of a-tocopherol showed the lowest level
of malondialdehyde (p<0.05), and the lipid oxidative
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Fig. 1. Effects of dietary a-tocopherol levels (A, C) and packaging methods (B, D) on the lightness and metmyoglobin content in
the breast muscle of broiler chicks during refrigerated storage. MAP1, modified atmosphere package (N, 100%); MAP2, modified
atmosphere package (N, : CO, = 80 : 20); VACI, heat-shrink vacuum package; VAC2, vacuum package.
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Fig. 2. Effects of the péckaging methods (A) and dietary o-

tocopherol levels (B) on the thiobarbituric acid values (ing malon-

dialdehyde/kg) in the breast muscle of broiler chicks during

refrigerated storage. Significance (p<0.05) was indicated by the

letters. MAP1, modified atmosphere package (N, 100%); MAP2,

modified atmosphere package (N, : CO; = 80 : 20); VACL1, heat-
shrink vacuum package; VAC2, vacuum package.

stability was improved by the supplementation with 200
IU a-tocopheryl acetate’kg feed even after 24 days of
storage (p<<0.05). Avanzo et al. (3) suggested that o-
tocopherol affects the course of lipid peroxidation.

Our results demonstrate that supplementation with 200
U of a-tocopherol significantly stabilized the rate of lipid
oxidation compared with the control group fed only 20 U
of a-tocopherol/’kg feed. Figure 2B shows the influence of
the different packaging methods on lipid oxidation. Samples
packed with MAP2 (80% N, + 20% CO,) showed the
lowest TBA value after 18 days of storage (p<0.05). This
result showed that the MAP2 method was more effective
in reducing the level of lipid oxidation compared to
vacuum packaging. This is finding is consistent with those
described by Wang et al. (32), who reported that the TBA
and peroxide values were lower in MAP conditions compared
with vacuum conditions. The interaction between the
dietary o-tocopherol level and the packaging method was
significant for the TBA values after 24 days of storage
(Table 6). The TBA values were highest in the vacuum
packaged meats from the control diet and lowest in the
MAP (80% N, + 20% CO,) breast meat from broilers fed
400 IU of a-tocopheryl acetate.

Our results show that the oxidative stability of meat

Y.-C. Ryu et al.

Table 6. Two-way interaction between c-tocopherol supple-
mentation and the packaging methods on the TBA values (mg
MDA/kg) in broiler chicken meat after 24 days of refrigerated
storage

Packagin, Treatments"

Methods” CON 50 100 200 400 SE
MAP1  3.49%c 3.15%d 3393 309%cd 272%d (.30
MAP2  3.11%d 2.53%¢ 2.88bed 2504 2244
VACI 3273 2.99bed 3 3gabe 3 ppabed ) Gabed
VAC2 3.820  3.58% 3,01%d 288 2 64

""’L(??)sst)square means with different superscripts significantly differ (p

< .

DTreatment 50, 100, 200, or 400 were fed the basal diet (c-tocopherol at
a rate of 20 IU/k% feed) supplemented with 50, 100, 200, or 400 IU
of all-rac-o-tocopheryl acetate/kg feed, respectively.

IMAP! = modified atmosphere package (N, 100%); MAP2 = modified
atmosphere package (N, : CO, = 80 : 20); VAC1 = heat-shrink vacuum
package; VAC2 = vacuum package.

stored under refrigeration was consistently increased by
increasing the level of dietary o-tocopherol supplementation
in broiler chicks. Broiler meats packaged under vacuum or
under modified atmospheres showed a similar color and
microbiological stability. The MAP2 (80% N, + 20% CO,)
method was more effective in reducing the level of purge
loss and lipid oxidation than vacuum packaging. The lipid
oxidative stability was higher in the modified atmosphere
(80% N, + 20% CO,) packaged meat from the broilers fed
200 or 400 IU of a-tocopheryl acetate.

Acknowledgments

This work was supported by the Agricultural R&D
Promotion Center of Korea.

References

1. Wilson BR, Pearson AM, Shorland FB. Effect of total lipids and
phospholipids on warmed over flavor in red and white meat from
several species as measured by thiobarbituric acid analysis. J. Agric.
Food Chem. 24: 7-11 (1976)

2. Lanari MC, Hewavitharana AK, Becu C, de Jong S. Effect of dietary
tocopherols and tocotrienols on the antioxidant status and lipid
stability of chicken. Meat Sci. 68: 155-162 (2004)

. Avanzo JL, Mendonca CX, Pugine SM, Cesar MC. Effect of vitamin
E and selenium on resistance to oxidative stress in chicken superficial
pectoralis muscle. Comp. Biochem. Phys. C 129: 163-173 (2001)

4. Gatellier P, Hamelin C, Durand Y, Renerre M. Effect of a dietary
vitamin E supplementation on colour stability and lipid oxidation of
air- and modified atmosphere-packaged beef. Meat Sci. 59: 133-140
(2001)

. Ryu YC, Rhee MS, Lee KM, Kim BC. Effects of different levels of
dietary supplemental selenium on performance, lipid oxidation, and
color stability of broiler chicks. Poultry Sci. 84: 809-815 (2005)

6. Kim YJ, Chang YH, Jeong JH. Changes of cholesterol and selenium
levels, and fatty acid composition in broiler meat fed with garlic
powder. Food Sci. Biotechnol. 14: 207-211 (2005)

7. Min B, Ahn DU. Mechanism of lipid peroxidation in meat and meat
products. Food Sci. Biotechnol. 14: 152-163 (2005)

8. Lin CF, Gray JL, Asghar A, Buckley DJ, Booren AM, Flegal CJ.
Effects of dietary oils and 4-tocopherol supplementation on lipid
composition and stability of broiler meat. J. Food Sci. 54: 1457-1460
(1989)

9. O’Neill LM, Galvin K, Morrissey PA, Buckley DJ. Effect of camosine,
salt and dietary vitamin E on the oxidative stability of chicken meat.

(75

W



Dietary o-Tocopherol and Packaging Methods

10.

11.

12.

13.

14,

1.

16.

17.

18.

19.

20.

Meat Sci. 52: 89-94 (1999)

Grau A, Codony R, Grimpa S, Baucells MD, Guardiola F. Cholesterol
oxidation in frozen dark chicken meat: Influence of dietary fat
source, and o-tocopherol and ascorbic acid supplementation. Meat
Sci. 57: 197-208 (2001)

Guo Y, Tang Q, Yuan J, Jiang Z. Effects of supplementation with
vitamin E on the performance and the tissue peroxidation of broiler
chicks and the stability of thigh meat against oxidative deterioration.
Anim, Feed Sci. Technol. 89: 165-173 (2001)

Jensen C, Engberg R, Jakobsen K, Skibsted LH, Bertelsen G Influence
of the oxidative quality of dietary oil on broiler meat storage
stability. Meat Sci. 47: 211-222 (1997)

Cherian G, Wolfe FW, Sim JS. Dietary oils with added tocopherols:
effects on egg and tissue tocopherols, fatty acids, and oxidative
stability. Poultry Sci. 75: 423-431 (1996)

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

Jayas DS, Jeyamkondan S. PH-Postharvest technology: Modified
atmosphere storage of grains, meats, fruits, and vegetables. Bioproc.
Biosyst. Eng. 82: 235-251 (2002)

Gimenez B, Roncales P, Beltran JA. Modified atmosphere packaging
of filleted rainbow trout. J. Sci. Food Agric. 82: 1154-1159 (2002)

Rokka M, Eerola S, Smolander M, Alakomi HI., Ahvenainen R.
Monitoring of the quality of modified atmosphere packaged broiler
chicken cuts stored in different temperature conditions: B. Biogenin
amines as quality-indicating metabolites. Food Control 15: 601-607
(2004)

Smolander M, Alakomi HL, Ritvanen T, Vainionpaa J, Ahvenainen
R. Monitoring of the quality of modified atmosphere packaged
broiler chicken cuts stored in different temperature conditions. A.
Time-temperature indicators as quality-indicating tools. Food Control
15: 217-229 (2004)

Smiddy M, Papkovskaia N, Papkovsky DB, Kerry JP. Use of oxygen
sensors for the non-destructive measurement of the oxygen content
in modified atmosphere and vacuum packs of cooked chicken
patties; impact of oxygen content on lipid oxidation. Food Res. Int.
35: 577-584 (2002)

Krzywicki K. Assessment of relative content of myoglobin, oxymyo-
globin and metmyoglobin at the surface of beef. Meat Sci. 3: 1-10

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

253

(1979)

Salih AM, Smith DM, Price JF, Dawson LE. Modified extraction 2-
thiobarbituric acid method for measuring lipid oxidation in poultry.
Poultry Sci. 66:1483-1488 (1987)

Ahn DU, Wolfe FH, Sim JS. Dietary o-linolenic acid and mixed
tocopherols, and packaging influences on lipid stability in broiler
chicken breast and leg muscle. J. Food Sci. 60: 1013-1018 (1995)
Combs Jr. GF, Scott M. Antioxidant effects on selenium and vitamin
E function in the chick. J. Nuir. 104: 1297-1303 (1974)

Haq AU, Bailey CA, Chinnah A. Effect of beta-carotene, carltha-
xanthin, lutein, and vitamin E on neonatal immunity of chicks when
supplemented in the broiler breeder diets. Poultry Sci. 75:1092-1097
(1996)

Sheehy PJA, Morrissey PA, Fiynn A. Influence of dietary a-tocopherol
on tocopherol concentrations in chick tissues. Brit. Poultry Sci. 32:
391-397 (1981)

Church N. Developments in modified-atmosphere packaging and
related technologies. Trends Food. Sci. Technol. 5: 345-352 (1994)
Cannon JE, Mergan MB, Schmidt GR, Tatum JD, Sofos JN, Smith
GC, Delmore RJ, Williams SN. Growth and fresh meat quality
characteristics of pigs supplemented with vitamin E. J. Anim. Sci.
74: 98-105 (1989)

Bentley DS, Reagan JO, Miller MF. Effects of gas atmosphere,
storage temperature and storage time on the shelf-life and sensory
attributes of vacuum packaged ground beef patties. J. Food Sci. 54:
284-286 (1989)

Yin MC, Faustman C, Riesen JW, Williams SN. The effects of 4-
tocopherol and ascorbate upon oxymyoglobin and phospholipid
oxidation. J. Food Sci. 58:1273-1276 (1993)

Mikkelsen A, Sosniecki L, Skibsted LH. Myoglobin catalysis in
lipid oxidation. Z. Lebensm. Unters. For. 195: 228-234 (1992)
Lynch MP, Kerry JP, buckley DJ, Faustman C, Morrissey PA. Effect
of dietary vitamin E supplementation on the colour and lipid
stability of fresh, frozen and vacuum-packaged beef. Meat Sci. 52:
95-99 (1999)

Wang FS, Jiang YN, Lin CW. Lipid and cholesterol oxidation in
Chinese-style sausage using vacuum and modified atmosphere
packaging, Meat Sci. 40: 93-101 (1995)



