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On Packaging of Foods with Inactive Gases

Hipeakt Saico and Etsuzo MaTsur

The use of inactive gases such as nitrogen or carbon dioxide, are known, besides
their effectiveness on preventing of oxidation of foods, to be effective on inhibiting the
growth of aerobic microbesfor the utilization of the inactive gases for plastic film
pouches, however, the gas permeabilities of the films poses a problem.

The purpose of the present experiments is to find a suitable {ilm or films for
inactive gas packing with which prevention of the food deterioration and the aerobic
microbial infection are attained.

Test films examined are :

Polyethylene

Polyethlene/cellophane
Polyethylene/Saran-coated cellophane
Polyethylene/polyester

In regard to the permeation of gases, palyethylene/saran-coated cellophane was
found to be most redistant and the permeabilityes are in the order of CO-> 0-> N.
through the films tested (Table. 1).

When the changes in peroxide value of sesami oil of during storage periods were
examind, oxidation of oil is greatly supressed in nitrogen filled packagings (Table. 8).

When potato chips were preserved in gas-filled packages, nitrogen-filled packaging
was found to be quite satisfactory as compared with ordinary and vacuum packagings
(Table.9).

Nitrogen-filled packaging was found to be suitable also for the preservation of
carotinoids in dried carrots and the prevention of mold growth in bread (Table. 10, 11).

Polyethylene/saran-coated cellophane was found to be most suitable for inactive
gas-filled packagings.
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Table. 1 Gas permeability of films.
cc/cmesececmig x 1011
Films

Na Oa CO-
Polyethylene 2.04 8.38 —
: Cellophane 0. 005 0.02 0.09
Polyvinylidene chloride 0.001 0.003 0.02
Polyester 0.02 0.04 0.3
. Polyethylene/cellophane 0.004 0.004 0.14
Polyethylene/Saran-coated cellophane 0.003 0.004 0.01
Polyethylene/polyester 0.05 0.07 0.23
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Table. 2 Water vapour parmeabilities of plastic films under various humidities at 37°C.

—_RH% Water vapor transmission rate (g/m?2/24hr.)
Films . .
Thickness ™
(mm) \ 50 60 - 70 80 90
Polyethylene 0.05 3.3 3.7 6.0 6.3 6.7
Cellophane 0.03 131.6 212.3 453.8 1197.1 2274.5
Cellophane, moisture-proof 0.03 23.3 31.7 3.1 83.7 91.8
Polypropyrene 0.03 3.5 3.7 5.4 5.6 6.6
Polyvinylchloride, plasticized 0.03 31.6 32.7 50.4 55.4 65.8
Polyvinylchloride, -
non plasticized 0.05 14.2 15.5 18.9 22.7 26.8
Polyvinylidene chloride 0.05 2.2 2.6 3.2 2.3 2.7
Polycabonate 0.06 32.2 3i.1 45.2 50.2 57.3
Hydrochlorinated rubber 0.03 5.7 6.5 9.1 12.0 12.5
Polyethylene/cellophane 0.06 3.6 5.4 5.8 7.1 7.4
THH EMbrs.

Pouch

Fig, 1 Method of gas
filling.
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Table. 3 Change in gas composition in pouches filled with nitrogen.
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“~~__ Daysg O:%
Films Thickness
(mm) = N\J 1! 5 10 15
Polyethylene 0.06 1.0 5.0 14.5 19.4
Polyethylene/cellophane 0.08 1.4 1.0 4.2 5.9
Polyethylene/Saran-coated cellophane 0.07 1.0 1.0 2.8 2.5
Polyethylene/polyester 0.07 1.0 1.0 5.8 6.7

Stored at-30°C in 80% RH.
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Table. 4 Change in gas composition in pouches filled with carbon dioxide.

Days CO:%
Films :

r Thickness 1 5 10 15
Polyethylene 0.06 — — — —
Polyethylene/cellophane 0.08 88.8 — - —
Polyethylene/Saran-coated cellophane 0.07 98.0 99.0 99.0 99.7
Polyethylene/polyester 0.07 98.1 99.3 88.0 75.7

Stored at 30°C in 80% RII,
L] Table. 5 Change of gas volume in pouches filled with carbon dioxide.
| ~.._ Days Gas volume %*

: Films iok

~ Thickness ™\ 2 3 5 7 a | 1w
Polyethylene 0.06 65 27 14 0 0 0
Polyethylene/cellophane 0.08 97 88 70 55 38 33
Polyethylene/Saran-coated cellophane 0.07 100 100 98 97 97 97
Polyethylene/polyester 0.07 90 55 12 0 0 0

Stored at 30°C in 80% RH.
* Percentage against the initial volume.
Table. 6 Change in gas composition in pouches filled with nitrogen in the

' polyethylene/Saran-coated cellophane films of different thicknesses.

’ After storage for 10 days.

'

Chamber atosphere Air 02 CO.
Film thickness (mm)
Compeosition in pouch 0295 0:2% CO:=%
Polyethylene/Saran-coated cellophane
0.04 0.025 3.7 2.4
0.06 0.025 1.8 1.4 2.4
B 0.07 0.025 0.5 1.3 3.2
Polyethylene/polyesier 0.07 5.8 8.5 26.3*
Polyethylene (# ray irradiated) 0.07 20.1 70. 9% 79.5*
. Polyethylene 0.07 13.0 38.8% 66.8*
' * Remarkable swelles of pouches were absorved.
J Camber

Air, Oz, CO:

N.

pouch
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Table. 7 Water vapor permeabilities through films.

Films Thickness (mm) WVTR*(g/m2/24hr)
Polyethylene 0.05 10
Polyethylene/cellophane 0.05 10~20
Polyethylene/Saran-coated cellophane 0.06 4~7
Polyethylene/polyester 0.06 5~8

* Water vapor transmission rate (JIS Z 0208)

Table. 8 Effect of nitrogen filled packagihg on storage of sesami oil.

T~ Days Peroxide value
Pack

Initial value . 14 26 45 60
Air 3.3 4.9 6.5 10.7 20.0
Vacuum 4.3 4.7 5.9 9.0 17.3
N2 4.3 4.4 4.8 6.1 7.9

Stored at 30°C in 80% RH.

Table. @ Effect of nitrogen filled packaging on storage of potato chips.

(Initial : POV 4.,5)

Films Th(igﬁ;);:ss Pack POV Gas composition
Polyethylene/cellophane 0.08 Air 28.6
Polyethylene/Saran-coated cellophane 0.07 N. 5.8 Ne=99% O.= 1%
Polyethylene/polyester 0.07 N2 7.0 Ne=87% O:=13%

After storage for 30 days at 30°C in 80% RH. in the dark.
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Table. 10 Effect of nitrogen-filled packaging on storage of dried carrots.

Films Th(i;:n}glgss Pack ((;62) Watel('/ az/c;ntent ngggr;gi)d*

Air 4.0 41.7

Polyethylene 0.06 Vacuum 3.0 40.7

Nz 19.0 4.0 43.0

Air 9.0 38.5

Polyethylene/cellophane 0.08 Vacuum 7.0 53.2

Nz 8.3 7.0 66.7

Polyethylene Air 70 5.6

/Saran-coated 0.07 Vacuum 7.0 74.4

cellophane No 6.7 8.0 84.2

Air 0.7 40.3

Poly.ethylene/aluminum 0.07 Vacum 0.7 _
foil/cellophane

Ne 0.9 —

* (Change in the amount of carotinoid in dried carrots after storage for 40 days at 30°C
80% RH. in the dark.)
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Table. 11 Mold growth in bred in gas filled packaging.

Polyethylene Po}%”:tgﬁlzg:te q Polyethylene/polyester
Days Pack cellophane y
0.06 mm 0.07 mm 0.07mm
Air 3 1 2 3 !
4 Ng 3 2 0 0 0 0
COa 0 0 0 0
Air 4 4 3 4 4
5 Ne 4 4 0 0 1 !
CO: 0 0 0 0
Air
6 Na 1 0 2 1
CO2 0 0 0 0
Air
7 N: 1 0 2 2
CO:
Air
10 Ne 1 0 2 2
CO; 0 0 0 0

Stored at 30°C 80% RH. in the dark.
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