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Growth and Survival of Food Related Microorganisms
in Modified Atmosphere Packaging

Tateo FUJI*, Kazuhiro SUGIMOTO®, Masayo OKUZUMI*

The growth inhibitory effect of modified atmospheres of 100% CO, 60%CO,— 40%N,
or 100% N, (v/v) at 10°C was evaluated on 20 strains of indicator,/pathogenic and
spoilage bacteria which were inoculated on agar plates. All of the tested organisms were
inhibited in their growth by the presence of 100%CQO,: the strong inhibitory effect was
shown for aerobes such as Bacillus subtilis, Pseudomonas fluorescens, P. aeruginosa,
Alteromonas haloplanktis, A. putrefaciens etc. and some facultative anaerobes such as
Staphylococcus aureus and B. cereus, but the effect was somewhat lower for Escherichia
coli, Proteus morganii, Streptococcus faecalis, Clostridium botulinum etc. The inhibitory effect
was bacteriocidal for Bacillus strains and bacteriostatic for the rest.

The effect of modified atmosphere packaging on the growth and survival of 4 indicator
/'pathogenic bacteria which were inoculated into minced sardine meat was also examined
during the storage at 10°C. Compared to 100% N, which permitted the growth of E. coli
and S. thyphimurium by 0.5 —2 logs unit during the storage, the presence of CO,
inhibited the growth of both tested organisms, sustaining the initial inoculum load of 10°
/g level. Compared to these indicator/pathogenic bacteria, the numbers of Staphylo-
coccus aureus gradually decreased in the presence of CO. In case of Vibrio parahae-
molyticus, owing to low temperature effect, the initial load decreased rapidly irrespective
of the kind of atmospheres.

Keywords: Modified atmosphere packaging, Fish, Carbon-dioxide gas, Food related bacte-
ria, Spoilage bacteria, Foodborne pathogen, Growth
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Staphylococcus aureus 209P, S. aureus
IAM 1098, Escherichia coli 1AMI12119,
Bacillus subtilis IAM1026, B. subtilis IA-
M12118, B. cereus S6, Clostridium botuli-
num S20, Vibrio parahaemolyticus ST,
Vibrio S8, Photobacterium phosphoreum
N156, Salmonella typhimurium S9, Prote-
us morganii S10, Pseudomonas fluores-
cens 1AM12022, Alteromonas haloplank-
tis IAM12915, A. putrefaciens 1AM12089,
P. aeruginosa 1AMI1514, Streptococcus
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Table 1

Effect of modified atmospheres (MA) on the growth of food related microorganisms at 10°C

During MA storage

Air holding after MA storage*®

32 8 14 3)°? 8) 14)

Organism A N, MCO;A N, MCO,A N, MCO;:A N, MCO:A N, MCO;: A N M CQO,
Bacillus subtilis IAM1026 W - - - + W - - + W - - w - - + + - + o+ -
Bacillus subtilis 1AM12118 W - = = + W - - + W - - w - - w - - w - -
Pseudomonas fluorescens IAM12022 + W - - + W - - & W - - + W o+ + o+ e e e
Pseudomonas aeruginosa 1AM1514 W W - - + W - - + W - - + W W + o+ o+ + o+ 4+
Alteromonas haloplanktis IAM12915 + W ~ = ++ W - - + W ~ - + - - "o+ o+ +ae 4e
Alteromonas putrefaciens IAM12089 + W - - + W - - + W - - + - = + o+ o+ + + +
Acinetobacter sp. S16 + W - - + W - - + W - - + W w o+ o+ e 4
Torulopsis sp. B216 W = = = 4 = = = # = - = + o+ o+ "o+ 4 PRSP
Staphylococcus aureus 208P WW - - WW - - WWwW - - w - - ww W + ww
Staphylococcus aureus 1AM1098 WW - - WW - - WWwW - - w - - W w W + + W
Bacillus cereus S6 W W - - + W - - + + - = + - - + - - + - -
Escherichia coil 1AM12119 + + W W + + + W » + + W - o+ o+ o+ - es e
Salmonelia typhimurium S9 W W - - + + WW + + W W + + W + 4+ 4+ + o+ 4+
Proteus morganii S10 W W WW + + + W 4+ + + W + + W + o+ o+ + + o+
Vibrio parahaemolyticus S7 W W W oW W W e+ W W + o+ o+ + o+ o+ + o+ 4+
Vibrio sp. A403 + + - W o+ + W W 4+ + W + + o+ o+ o+ o+ v o+ 4
Photobacterium phosphoreum NI56 + + W - + + W W + + + W + o+ o+ + o+ o+ + o+ 4+
Saccharomyces cerevisisge IJAM4512 + + -~ W + + W W # + + + 4+ 4 o+ o+ T
Streptococcus faecalis 1F08033 W + - - W + W - + + W + o+ W + + W + 4+ W
Clostridium botulinum S20 -+ W - + WW - + W W + + +

* 1
%2 Storage period under MA at 10°C (days).

Transferred from MA storage into air except for C. botulinum which was transferred from

*3 Air holding period at 10°C after MA storage (days).
Symbols : A, air ; M, mixed gas (N;: CO,=40:60) ; -, no growth ; W, weak growth within 1mm width on streaked line;

+, 2~3mm ; ++, more than 4mm.
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Fig. 1 Effect of modified atmospheres on (a) Staphylococcus aureus, (b) Salmonella
typhimurium, (c) Escherichia coil, and (d) Vibrio parahaemolyticus.
@, Air; A, 100N;; A, 40%N;+60%CO,: O, 100% CO,.
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colilk V' V. parahaemolyticus ($E F i<t
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