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Effects of CO, O, their Mixture, and N, Used for
Modified Atmosphere Packaging on the Shelf Life of Beef

Hirokazu OGIHARA®, Matuo YASUDA**, Koji SATOMI*",
Michio YOKOYAMA**, Nobuhiro YANO"

The effects of CO, O, their mixture, and N, used for modified atmosphere packaging on
the shelf life of beef stored at 5°C for 20 days were compared with those of air packaging.

Viable counts in beef packed with CO, and mixed gases were less than 10'/g to 10°/g
those in air, O, and N, packaging. At the beginning of storage, the microflora in beef were
Lactobacillus, Micrococcus, Aeromonas and Acinetobacter and at the late stage, Pseudomonas
and Lactobacillus for N, O, packages and Lactobacillus for N, CO, and mixed gases
packages. VBN values of mixed gases and CO, packages on the 20th day of storage were
lower than those of air, N. and O. packages. TBA and Met Mb increased for O, and mixed
gas, but showed no change for CO, and N, packages. The meat color of N, and CO. packages
changed to brown gradually, while O, and mixed gases showed no change until the 6th day.
Meat quality after opening a package was kept essentially up to the 6, 15 and 20th day
for O, and mixed gases packages and for N, and CO, packages, respectively, up to the 3rd
day for air packages. The shelf life of mixed gas packages at 5 °C was doubled in compared
with air packages.

Keywords: Modified atmosphere packaging, Shelf life, Beef
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Column ; Molecular Sieve 13 X 60 — 80,
Glass column 3mm X 1.5m

Carrier gas ;He 30ml/min

Temperature ; Det,”Inj 80°C, Column 50°C

Detector ; TCD

<CO, >

Column ; Activated Carbon, 60 — 80,
Glass column 3mm X 1.5m

Carrier gas ; He 100ml/min

Temperature ; Det/Inj 80°C, Column 50°C
Detector ; TCD
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Table 1 Changes in the concentration of headspace gases inside package of raw beef

during storage at 5°C

Storage periods (days)

Composition of atmosphere

0 3 6 10 15 20

N, (%) 89.7 94.8 95.1 93.8 94.4 91.8

N, 0, (%) 0.3 0.2 0.1 0.1 0.1 tr*

CO, (%) —* 44 47 4.4 6.7 6.4

N; (%) 0.6 0.6 0.5 0.5 0.7 1.8

0. 0. (%) 100 84.9 94.7 L7 82.9 85.1

CO. (%) - 45 48 6.2 15.2 43.0

N. (%) 0.7 0.7 1.6 15 1.8 1.9

CO. 0z (%) 0.2 0.2 0.1 0.2 tr tr

CO. (%) 9.1 99.0 98.1 984 g7.2 97.9

Nz (%) 0.7 0.7 0.7 0.9 0.8 0.9

80%0,:20%CO; 0. (%) 80.1 813 81.3 79.9 78.9 74.4
CO. (%6) 18.3 18.0 18.0 18.1 204 221

N (%) 0.8 0.7 0.8 0.8 0.9 0.9

602 0, : 40 % CO; 0. (%) 59.6 63.6 66.7 63.8 616 61.3
CO: (%) 39.6 35.7 324 346 36.3 36.2

N; (%) 79.6 76.5 7.8 80.6 789 79.0

Air 0O; (%) 204 17.7 175 130 11 0.5

CO; (%) — 6.1 5.7 6.2 188 19.2

* :Less than 0.1%
** : Not detected
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Fig. 1 Changes of total bacterial counts in
raw beef during storage in modified
atmosphere at 5°C
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Fig. 2 Changes of psychrotrophic bacterial
counts in raw beef during storage in
modified atmosphere at 5°C
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Fig. 3 Changes of coliform counts in raw beef
during storage in modified atmosphere at
5°C
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beef during storage in modified atmosphere
at 5°C
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Table 2 Changes of distribution rate of microflora in raw beef during the storage with modified
atmosphere of N, O; and CO, at 5°C

Storage Period (days)

Organisms N, O CO;
0 3 6 10 15 20 3 6 10 15 20 3 6 10 15 20

Lactobacillus 10(40) 18(72) 24(96) 19(76) 23(92) 24°(96)™ 10(40) 23(92) 19(76) 17(68) 6(24) 18(72) 24(96) 24(96) 24(96) 25(100)
Micrococcus 3(12) 1(4) 2(8)
Staphylococcus 4(16)
Streptoccocus 10 4) 1(4)
Other gram positive 312) 1( 4) 1 4)
Pseudomonas 2(8) 3(12) 2( 8) 9(36)
Acinetobacter 3312) 104 7(28) 6(24)
Moraxella 104 1040
Aeronionas 4(16) 312) 14
Enterobacteriaceae 5(200 1( 4 3(12) 4Q18) 2( 8
Other gram negative 6(24)
Unidentified 4(16) 14 2( 8) 1(4) 104 1(H 10

* :Number of isolated organisms

** : Percent

Table 3 Changes of distribution rate of microflora in raw beef during the storage with modified
atmosphere of 80% 0, : 20% CO,, 60%0;,: 40% CO, and Air at 6°C

Storage Period (days)

Organisms B0 % O, : 20% CO, 6090, : 40% CO; Air
0 3 6 10 15 20 3 6 10 15 20 3 [} 10 15 20

Lactobacillus 10€40) 25(100) 24(86) 22(88) 16(64) 13°(52)" 21(84) 24(96) 25(100) 21(84) 22(88) 16{64) 13(52) 7(28) 6(24) 8(32)
Micrococcus 302y 1 9 {9
Staphylococcus
Streptoccocus 1(4) 1( 4
Other gram positive 208 4(16) 14 1( 4 1040
Pseudomonas 7(28) 11(44) 8(32) 14(56) 5(20)
Acinetobacter 3(12) 2(8) 3(12) 7(28)
Moraxella W4 14 1{4)
Aeromonas 1(16) 1( 4) 8(32) 2( 8
Enterobacteriaceae 1(4) 2(8) 436 8(32) 5(20)
Other gram negative
Unidentified 1(16) 302) 104 1049 4(16)_2( 8) 1{ 4) o

* : Number of isolated organisms

** : Percent
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MMl s -7, EKEEIHEFTISE
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LKicA b3 7o yOBE%Fig. 6125
L7z, aX8EToRERFAFIEBURR
ML, REILERICEREKEERLEN, £
DERBL LIz, BELERL-EETIE. 60
% O: : 40 % CO., B, 80% 0. : 20 % CO,
EiRQEOIRIEmML., #FISHBELETI
FEIRRDZEALER LT, BRE ZBR{LRFEER
BETRE BT h -1,
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Table 4 Changes of color (L.a.b) in raw beef during storage in modified atmosphere at 5°C

Atmosphere Storage Periods (days)

in Package 0 3 6 10 15 20
L 422 396 420 40.1 40.5 42,0
N. a 16.7 11.2 117 10.8 0.6 9.6
b 8.6 38 0.3 0.1 0.3 0.6
L 42.2 42.7 46.0 435 43,0 445
O, a 16.7 189 16.5 16.3 123 126
b 8.6 0.6 76 7.9 6.2 7.3
L 422 38.8 39.9 387 40,0 39.7
Co, a 16.7 12.2 129 13.0 118 12.2
b 8.6 0.8 0.6 0.5 0.6 0.7
L 42.2 430 43.6 433 434 43.8
809% Q. : 20% CQO, a 16.7 179 176 16.1 12.2 129
b 8.6 0.2 79 78 6.1 7.2
L 422 43.7 43.9 442 439 440
60% O : 40 % CO, a 16.7 18.3 16.3 164 10.8 135
b 8.6 9.6 7.1 83 58 75
L 42.2 438 43.9 427 434 43.2
Air a 16.7 15.3 16.2 153 51 9.0
b 86 8.1 77 76 5.0 1.3
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Table 5 Changes in sensory score of raw beef during storage in modified atmosphere at 5°C

Atmosphere Storage Periods (days)
in package 0 3 6 10 15 20
N Appearance 50 4.0 40 4.0 4.0 4.0
2 Odor 5.0 40 40 40 35 3.0
0 Appearance 50 45 45 35 30 1.0
: Odor 5.0 40 40 3.0 2.0 1.0
co, Appearance 5.0 45 4.0 40 4.0 35
Odor 50 40 4.0 4.0 40 4.0
Appearance 5.0 45 4.0 35 3.0 1.0
%0,:20%C
80%0,:20%C0. ) 5.0 40 35 3.0 2.0 1.0
Appearance 5.0 45 4.0 35 3.0 1.0
0, . 0,
60%0:: 40%CO: -y 5.0 40 35 30 25 1.0
Air Appearance 5.0 45 35 1.0 2.0 20
Odor 5.0 4.0 3.0 1.0 1.0 1.0

Sensory score : 5.0 : Good, 4.0 : Ordinary, 3.0 : Slightly off, 2.0 : Off, 1.0 : Degeneration
Scores of both appearanes and odor are 3.5 or above are commercially acceptable.
Line in the table shows the border of acceptability.
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Pseudomonas WEH 5N B HbDD, 60%
0.:40% CO. EREE TR e,
{LIRFBENEG NI E, 75 sBHERBOLED
2EARBLTIMERNBY 5h iz,
Christopher 5 I3 HZFa% L 6D F 2 E
BEEITO, FREROEVIC K 2 HEHE
FANTVWE, ZORREFRF2I HEOREKE
{513 T3 Pseudomonas #336.5 %.. Lacto-
bacillus #363.5 % % 5%, (bR L MFE
NEEEN/250% 0, : 50% CO, BrEET
{3 Pseudomonas 7 6.7 %. Lactobacillus
93.3%. 80%0,:20% CO. BT
Pseudomonas %% 10.5 %, Lactobacillus H’
858% & “RILRRBENSES L BDITE
b 78\ Lactobacillus ® 5% 2 8| & H3imd
3LLTEY, FREERHORIEI2HFED
R ERFLERIED O, COZ LR
HEOREMBNIIIER L b ZRR{LRFEDH
PEWT, ChooaEPFTHRIHEHN S
Lactobacillus i3 Pseudomoas \<t~, B
{LREIC L BRHRBERITIZL, 2 V30K
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DIEHORNBE LT EM S RO Y =
W754 IR ERESNLDEEL B,

B(LEHE(LIc oW TH B &, VBNETIE
EXRBEOHEIRLEL . BR. BRERE
HOMFI/hs<By, ZRILRFEEZECIHE
DEBEBREETROEN -2, 5B, &
SOB{LDOEE L 12 3 TBAfE., Met MbET
3. BREZEUEETREMERLOKN
LT, BEEZEA LA VIBRILIRFELEHRE
BEETRELZED ShT| BEHOREC
BINODHZATTRETHDONENDDLE
ZZoh3b,

FRNOEGMEICKEL S L 2AELHE
L&A BEEGRECEUEETIR
I EEREBORENRG BiZ EFEI RN
B OZB I >hiRED 5 384138
L, —A. ZB{bixRE EREROE T
SRR L, NEEEELE LEMIZEL
HREIL-7, XLICChS0EELRBEEL
RORBEEBE LI LA, EREETHRE
3H. BRLERA T ABEREETHEEGCH.
EXREROECHEEISH, ZB(LREREBERE
ETRIRAF0HEFCRENMIBINATVS
bDOEHIES I,

Vb, BE4ON ABERIECEHL TRD
CEBBHLNMTIE T,

BRILBSIE. BEPROVThICEVTHZ
MILRBREREAENBNL TV S LIERTE
3, LEHEBEMIGEL L TON AERE
E£eEET S L. ZBLRFIERINEoR
FicHENS B, Lizdi-TEHLER., BIF
RERERL. MOo—EOBEUREMFT
& 2BEMN60~80%. —E{LERFEH120~40
%OREHEGICBVWT, 6HEELTFHlxh

7oy 27 54 7L W BHREIROBRE
PEENLIhAIE, T REREEOA Y v
FRENINZBDEELZ LN,
AFEOHEIZ, 1992410 HicHETH
Ex N7 BFAEELXBIEAKICBOTHR
L%,

52 8

BEEAREROTHRE T ZABREEL.
5 CT20 HRHRE L. T OMIOE(LEN - 8
HVIENZEALE BT L 72,

REDOEEHOZE LI, &K%, %,
BM%k. MRA AR, ZB{LRRBEREEDE
TED - oo RELWIOHIEEIT Lactobacil-
lus, Micrococcus ¥ & U Acinetobacter T®H
T, RERMOEHEIZ. X LBAERE
3¢ Pseudomonas, Lactobacillus h\B# T
Hofedlzt L. ER. ZB{LKFR. mES
N 2 BiE%E Tl Lactobacillus B3 E (K% 5
Wiz, VBNHIZOWTI, &K8%. 8%,
BRERERAEOMICE . ZH{ERZEEET
SETHVWThLEVEERL, TBAHE
BLUMet MbfEiTid, BBELMESV RE
HEagcEml oz LT, Bk s
FERERITETRIHEMIED Shilhof,

TERONEI, BXEBRILREEBERE
ECRBEEEL, BELHRA T R BEil
TETII6 0 F THRELHR L, BEko
NEOHEE. X% T30, BE L mMES
HAEHREETOH, EXREBEROETISH.
“RILRRERIETII20EETEUTS

')f«.’.o )
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