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Influence of oxygen permeation on flavor deterioration
of packaged Japanese soup

Mituya SHIMODA®, Masatoshi NAKASHIMA®, Yutaka OSAJIMA*

On the flavor deterioration of Japanese soup packaged into a pouch, a proper selection
of laminated film for food packaging was proposed by showing the influences of oxygen
permeability (a : cm®/cm? - day - atm), storage period (T ; day), the ratio of surface area
(S;cm? to volume (V;cm®) of pouch. Samples were stored for 4 weeks at 25°C, which
had been packaged into 6 kinds of pouches (3cm X 15¢m ; 200ml) made of the following
laminated films ; PET /LLDPE (a =98 X 10"*), PA/LLDPE (a = 28 x 10°*), PVDC-coated
PA/LLDPE (a=4.5X% 10", *PVDC-coated PA,/LLDPE (a=1.5 X 10"*), EVOH/LLDPE (a
=0.3x10"%, PA/AL/LLDPE (a=0). The flavor of stored sample was sensory-evaluated
with 8 panelists, while the changes in the gas chromatograms were traced throughout
the storage.

In order to correlate the flavor deterioration to the amount of oxygen permeated, the
following equation was introduced ;
a=p-+a*T+S,/V, where p is a partial pressure of oxygen in atmosphere and «, dimen-
sionless number was defined as a specific volume of oxygen permeated. As the result,
the flavor of packaged soup significantly deteriorated above a =34 x 10™*
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Tablet! Laminated films and oxygen permeabilities

film construction® oxygen permeability »

® PET %/LLDPE® 98 x 1074
@ NY*/LLDPE® 28x 107
® KNY “/LLDPE ® 45%x10°*
@ *KNY'S/LLDPE® 15x 101
® EVAL */LLDPE® 03x10°*
® NY*/AL’ /LLDPE® 0

® PET ; polyethylene terephthalate (thickness,
12 £ m), NY ; nylon, KNY ; nylon coated with
vinylidene chloride, *KNY ; nyron coated
with high barrier vinylidene chloride,
EVAL ; ethylene vinylalcohol copolymer,
AL ; alminum foil, LLDPE ; linear low density
polyethylene. :

® .+ [em®/cm? « day]
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Sample(200ml)

-volatiles were adsorbed on

column{Porapack Q; 15 ml)

—washed with water (50 ml x 2)
and then eluted with ethylether

Eluate

—internal standard added,

dehydrated and concentrated

Odor concentrate

s e

GC and GC-MS analysis

Fig. 1 Procedure of separation and concentration
of volatile compounds from Japanese style
soup
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Fig. 2 Gas chromaogram of volatile components in Japanese style soup

Capiflary column ; DB — WAX, 0.25mm i. d. X 60m,
column temp.: 50-+230°C (3°C./min)

—130—



BZAIFFLEE Vol 1 No. 2 (1992)

Table 2 Volatile

components identified

Peak No. Peak No.
1 Ethyl acetate 25 34,5- Trimethyl-2-cyclopenten-1-one
2 3-Methy!l butanal 26 2-Phenylethanol
3 Methyl hydrazine 27 1,4-Dimethoxy benzen
4 2-Methyl-1-propanol 28 2,4-Dihydro-2,4,4,5- tetramethyl- 3H- pyrazole-3-one
5 2-Butanol 29
6 3-Methyl-1-butanol 30 trans-p-Metha-25-dien-7-0l
7 31 2-Methylphenol
8 32 Phenol
9 LS 33 4-Ethyl-2-methoxyphenol
10 34 3-Methoxy-5-methyl-2 (5H) -furanone
11 2-Furancarboxaldehyde 35
12 2,3-Butanediol 36
13 2-Methyl propanoic acid 37 1-Phenol-1,2-butanediol
14 5-Methyl-2-furancarboxaldehyde 38 4-Hydroxy-2-ethyl 5-methyl-3 (2H) - furanone
15 Butanoic acid 39 1-Methyl-2,4-imidazolidinedione
16 40 24-Dimethylphenol
17 2-Furanmethanol 41 1- (2-Hydroxy-5-methylphenyl) -ethanone
18 3-Methyl butanoic acid 42 2,6-Dimethoxyphenol
19 43 5-Hydroxy-2- (hydroxymethyl) 4H-pyran-4-one
20 44 1,2,3- Trimethoxybenzen
21 45 Diethyl butandionate
22 Tetrahydro-3-methylthiophene 46 1- (2,6-Dihydroxy-4-methoxyphenol) - ethanone
23 1- (3,4-dimethylphenyl) -ethanone 47 Benzoic acid
24 Hexanoic acid
L S; Internal Standard (cyclohexanal)
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Storage period [week]
Fig. 3 Change in the similarity index of gas
chromatogram during storage

1(@). 2(0), 3(A). 4(A). 5D, 6D
these symbols refer to the samples pack-
aged into the pouch (1~6) in Table 1.
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Table 3 Result of sensory evaluation

Panelist Sample?
Pl 1 2 3 5 4 6
P2 1 2 3 5 4 6
P3 1 2 3 4 5 6
P4 1 2 3 4 5 6
P5 1 2 3 4 5 6
Pg 1 2 5 3 4 6
P7 1 2 3 5 4 6
P8 1 2 4 5 3 6

? Sample 1 and 6 were presented as a pouch
of maximum or minimum oxygen permeability
and sample 2~5 were placed between 1 and 6.
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Fig. 4 Relationship between flavor deteriocration

and a specific volume of oxygen permeation

a=p+a-T+*S/V where a is a specific volume
of oxygen permeation [dimensionless], p ;: mole
fraction of oxygen in atmosphere, a ; oxygen per-
meability [cm®/cm? - day « atm], T ; storage period
[dayl, S : surface area of pouch [cm?], V ; volume
of pouch [cm’].

® Limiting specific volume of oxygen permeated.
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