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Quality preservation of broccoli by modified atmosphere packaging
with two types of film having a high gas permeability

Hiroshi HORITAY, Yoshihiko NAWA?, Kazunori SATOY, Takasuke ISHITANI®
Koji TAKESHITA™, Asako TAKAHASHI" and Yoshihiro NAKAGAWA™

Several types of micro-perforating (MP) films, having a high gas permeability, were made by
processing plastic film surface by passing through press perforating rollers.

MP films have an sufficient strength to being operated with packaging machine. Several type
of MP films having different gas permeability could be reproductively made with established press
perforating procedure, and a mass production of MP films were possible.

The gas permeability of MP films did not depend on the temperature, and were almost similar
between oxygen and carbon dioxide, this quality was different from the case of polyolefinic films
as the polyethylene that has selective gas permeation between oxygen and carbon dioxide. The gas
permeability of MP [ilms declined when micro-perforations were covered with small drops of wa-
ter.

When the broccoli {Brassica oleracea L. italica) was packaged with the MP film, the inner gas
concentration of carbon dioxide was higher than that of polyolefinic films, and quality of broccoli
was preserved with modified atmosphere packaging. Furthermore, reduction in inner gas volume
of the package during storage did not occurred.

The gas permeability of polymethylpentene (PMP) film was 10 times higher than that of the
polyethylene film of the same thickness, and this film has a selective gas permeability between ox-
ygen and carbon dioxide.

We made PMP basic films laminated with polyethylene, and these films have a high gas per-
meability of both oxygen and carbon dioxide.

Quality of broccolis packaged with PMP basic films were preserved in modified atmosphere
packaging, and an oxygen starvation in the packaging was avoided. But these films have an insuffi-
cient strength to be operated with packaging machine, we concluded that polymethylpentene basic
laminated films could not be used in a commercial packaging at present.
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Table 1 Oxygen and carbon dioxide gas permenbilities of verious plastic films
. 2 Permeability
Film type T Permeability ratio of
(¢m 0, CO., COs to O
MPY pe-1 383 67000 100,000 (22,000 © 15:1
type-2 397 19,000 28,000 (13,000) 15:1
type-3 396 0,000 10,000 ( 5,700) 11:1
PMPDiype-1 299 36000 140,000 39:1
type-3 338 20000 79,000 40:1
PE® type-1 181 7,000 36,000 51:1
type-2 184 5400 29,000 5411
type=3 259 400 16,000 39:1
A6D ope-1 262 7800 37,000 47:1

) p, bilities wera

5 pp: Micro—perforating

©) The permeabllity when MP film surface waa covered with small drops of water
9 pMP: Polymethylpeatene

©) pE: Polyethylene

D aG: Polyethylene mixed with synthetic zeolite powder conteining silver

&) PMP and PE laminated film

dat 15°C (8~ m + 24hr ¢ atm)
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Un-penetrating MP  The cracking
MP A small drop of water
on a MP

PE fim layer \

Fig.1 The vertical cutting surface model of the
MP film laminated with OPP and PE
OPP: Oriented polypropylene
A micro- perforation also can be made from the PE side
Another sbbreviations are the same as those of Table 1
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Table 2 Temp: depend in
oxygen permeability of MP films
Measuring temperature
Film type sc_1sc 2T
Type—4 9,000 9,500 10,000
Type-5 5,600 59500 6,000

Abbreviation is the same as that of Table 1
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Fig.2 Changes in oxygen end carbon dioxide concentrations
in MP film packagings during storage of broccali at 20 C
QO : Carbon dioxide concentration of MP type—1 film
@ : Oxygen concentration of MP type-1 film
0 : Carbon dioxide concentration of MP type—2 film
B : Oxygen concentration of MP type—2 flm
Types of MP films: refer to Table 1

Table3 The resull of storing broceoli packaged with various films

b) c)

Storage on 0 Sr?ble Deterisration MA
Film type temp. —— _  period zppeared at the effect
() COW%) 0:F) (days) end of storage (%)
MP type-l 10 5.5 170 ¢ CY-DF 25
15 10.5 120 [} CY- Sliyaztly DF 39
20 13.0 95 4 CY-DF-R 25
MP type-2 30 18.5 60 10 CY-DF 16
13 165 50 14 Partially R 27
25.0 Lo 2 D-AF 41
MP type3 10 185 a0 [] DF-R 34
15 25.0 1.0 2 AFA A
20 25.0 10 2 D-AF 17
PMP type-L 10 25 170 4 €Y DF 100
15 30 10 3 CY- Stightly DF 74
45 6.0 2 CY- Stightly DF 89
PMP type3 10 45 40 9 CY - Slightly DF s
15 45 30 9 cY 42
20 590 3.0 4 CY:DF 33
PE typel 15 45 50 7 Partially R 4
PR type2 10 §5 35 4 Partizily R-RS 53
20 55 15 3 D-AF
AG  typel 10 5.0 20 10 -
yee- 20 7.0 20 2 AF
Noi 10 - 7 cY
packaging 15 3 Y
2 cY

a Equilibrated inner gas concentration et the end of storage

b)(IY:Surlu:e|:t'ab)|'cluugawyemm, D: Decomposition has begun, R: Rotted with a germ,
DF: An defensive off flavor, AF: An off flavor occurred with anserobic condition,
RS: A rotted smeil

) MA effect: Modified atmosphere effect ' ¥, The ratio esleulsted with the respiratizn of broecoli
in the packaging inhibited with oxygen starvation o that in air

Another abbreviations are the same as those of Table &
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Fig3 Changes in oxygen and carbon dioxide cancentrations in PMP and
PE film packagings during storage of broccoli a1 20 T
O : Carbon dioxide concentration of PMP type-1 fm
@ : Oxygen concentration of PMP type-1 film
A : Carbon dioxide concentration of PE type— 1 ilm
A : Oxygen concentration of PE type—1 film
Types of PMP and PE Gilm: refer to Table 1
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Table 4 Changes of L—ascorbic acid content and the surface color
of broceoli packeged with various films after storage

Storage Storage L-ascorbic .l'olnr B Concentration o
Film type acid

temp, days residue goore  (CO -0 9)
(°c) (%)
MP type-l 10 7 50 100~200 5-1
type-2 12(;) ms 9650 'IE ‘}‘3 y 49
< -
N B A 2
<
20 ‘2 95 70< >20- 1
PMP type-l 10 9 65 1 2-12
s B 1 6@ e g
<
yPe 20 4 50 - 5 3
PE type-1 10 ] 65 70< 5 6
weez B 4 100 e 6 4
< -
20 3 80 70< 7 1
AG  typel 10 10 100 70< 4- 2
20 3 85 70< 9~ 3
Non-packegk 10 7 20 600 -
oR-packngng 20 3 40 1300 -

) The residue percentage of L-ascorbic acid content of broecsli
after storage calculated against to that before storage

b) Color score calculated with Ljb/a]. The score is 60-70 before storage,
100-150 when the surface of several buds spotty change to yellow,
and over 500 when the surface of almost buds change to yellow

©) Concentration of oxygen and carbon dioxide at the end of storage

Arother abbreviations are the same a3 those of Teble 1
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