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Abstract

This study was conducted to investigate the effects of temperature and packing film with varying oxygen transmission
rate (OTR) on the quality of Agaricus bisporus (mushrooms) to determine the optimum modified atmosphere package.
Mushrooms were packed using 10 pm polyvinyl chloride (PVC), and 30 pm oriented polypropylene (OPP) films
with the OTR ranging from 1,000 to 20,000 mL/m*/day/atm (OPP1000, OPP6000, OPP10000, and OPP20000).
The quality parameters including weight loss, gas composition, cap opening rate, stipe elongation, firmness, and
color of mushrooms were monitored at the following temperatures: 4°C, 8°C, 12°C, and 20°C. Overall, the mushrooms
packed in OPP films showed less change in weight loss, cap opening rate, stipe elongation, and firmness than
those of the control, however, these effects differed with the temperature and film OTR. Among the OPP films,
OPP20000 did not exhibit any effect with respect to tissue growth inhibition. OPP1000 and OPP6000 were the
most effective in suppressing the cap opening rate and stipe elongation but induced tissue damage and water soaking
in the internal section. In contrast, the mushrooms packed in PVC film showed less change in weight loss, cap
opening rate, and stipe elongation than those of the control, and browning of inside and outside of mushroom

was less than that mushroom packed in OPP film.
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Fig. 1. Changes in weight loss of button mushroom with different packaging film during storage at 4, 8, 12, 20C.

Values are meanstSD (n=3).

dEo] AraFaEe #Agle]l PVC EET frosHA
S TFHTE UEE, Lee 5(22)] AdellA 10T17
A 73 Al PP EE TRE FFole THFHALTE LO3%E
PVC 2| 717.73%)°ll Blal AA8] vt A3 A A3t
AT} PVC 59 FH5EE 1540 gm’/day -2 PP &9
4-11 gl Hlal =2 54¢] 1o (20) o] gt Aol 7} #7%
T Teadd] Ridd o g e

o

[<]
MA 2% 2F 37 % AY exo e g
=
h=3

A= PVC B2 A4 57} 11.2-16.1% 2 A%
6L 7HA] ZTHT 914 0 2(p<0.05) S At 5
fA 89t OPP1000S OPP Z & = kA X7} B
AEFolR ot SAAR A 7241 (p<0.05) 2tol= §l
A3 279} AR T2 F YERTE 8T A7l Ul F-
A B2 BAG Av A7) 7 B¢ PVCE 6.4-13.4%,
OPP1000< 9.2-145% 2 M & FAFR B 52 B3 thx
THEOE Fo3A Skt OPP6000,  OPP10000,
OPP20000-2 7}2} 13.5-15.7%, 13.9-19.0%, 16.7-18.5%<)
Mol o hETF209%)Ee} 4HAh et we A
& H9 o} AA7|7e] ZAagte] whEf tize} o gt
zto]l & UERA] e¥gtth 12T AFelA = A 27]15H
7t AE R fofek akA FEe] Aol Yehllon BE
A7t gEz2TEYg @2 gE E3th OPP1000,
OPP6000, OPP10000, OPP20000S 717} 0.1-5.3%,
3.7-8.3%, 8.0-12.7%, 14.1-17.0% % M ArTFH} w7} =242
frelatAl R wxodlA HE S o] U3 PVCE A 1Y
2kl 0.6%% 7HE & FEATIF A 4717 o] 7 2k
w2} A3k S7Fske] 124% 5 YERNSITE 20T A=



Quality changes in mushroom (Agaricus bisporus) due to storage temperature and packing film 745

——»—— Control 4C
ol Deevens PVC

— —a——  OPP1000

——he—e OPPBUO0

— —»—— OPP10000

—_——— OPP20000

20 -

g
-
o
10 |
0F 1 L 1 1 1
0 5 10 15 20
Days after treatment
——a—— Control 12C
N R Darrare PVC
— —&—.— OPP1000
——f— . OPPEUO
— —»—— OPP10000
—_—— — OPP20000
T t§\ - - . - -
£ £
o~ A %
10 NE
H ~ -
AV S
AN T e
N
0 [ RIS ke — e —&
. i ,

Days after treatment

—#——  Control

...... Deeeene PVC 8T
30 _—a—— OPP1000

—.—he—- OPPG000

——v——  OPP10000

— ——  OPP20000

20 -

0y (%)

0 2 4 L] 8 10 12

Days after treatment

——#—— Control %
apl e eavens PVC 20C
| —-—&—.— OPP1000
—_——t— CPPG000
— —y——  OPP10000
— =3 —  OPP20000

20

O3 (%)
%
/
/
|
|
—a—
\
y
\
P N

Days after treatment

Fig. 2. Changes in O, concentration within package of button mushroom with different packaging film during storage at 4, 8, 12, 20TC.

Values are meanstSD (n=3).
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Fig. 3. Changes in CO, concentration within package of button mushroom with different packaging film during storage at 4, 8, 12, 20C.

Values are meanstSD (n=3).
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Fig. 4. Changes in cap opening ratio of button mushroom with different packaging film during storage at 4, 8, 12, 20TC.

Values are meanstSD (n=3).
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Fig. 5. Changes in stipe elongation of button mushroom with different packaging film during storage at 4, 8, 12, 20C.

Values are meanstSD (n=4).
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Table 1. Changes in firmness (N) of button mushroom with different packaging film during storage at 4, 8, 12, 20T

];ifé‘g- Treatment Days of storage
0 o)
Control 15.9+3.6"2 1544389 10.7+4.1%
PVC 159436 14543.9% 124+35%
4 OPP1000 15.9+3.6* 17.1:6.6™ 8.8+4.7%
OPP6000 15.9+3.6* 15.9+6.5 13.144.7%
OPP10000 15.9+3.6* 154134 11.0£3.7%
OPP20000 15.9+3.6" 14.7+4.6™ 1024323
0 6 8 12
Control 15.9+3.6" 16.0£5.9% 13.6£5.6™ 11.9+4.4™ 6.6+2.3%
PVC 15.9+3.6" 13.745.9°8° 14244245 114435 9.4+3 8%
8 OPP1000 15.9+3.6" 200+1.4% 1334228 13.8+5.85 11.1+43%
OPP6000 15.9+3.6* 16.0+5.7%® 17.2+4.0% 14.0+4.5"% 7.6£2.2%
OPP10000 159+3.6* 14.8+4.9"% 133459 10.4+3.85 7.042.3%
OPP20000 15.9+3.6* 152438 13242.3% 11.8+5.2% 64123
0 6 8
Control 15943.6* 17.244,0" 11.545.0% 8212350
PVC 15.9+3.6" 16.82.6™ 13.945.1 9.6+3.1%
12 OPP1000 159436 16.2+4.7% 109+3.8% 11.1+4.2%
OPP6000 15.9+3.6* 13.6+4.5" 114450 7.8+2 8B
OPP10000 15.9+3.6* 16.0+4.8" 9.6+5.0% 9.0+3.8%
OPP20000 15.943.6* 16.0+6.3* 103+5.5% 71432
0 3
Control 15943.6* 13.945.0" 12.6+4.24
PVC 15943.6* 16.345.8" 14.9+5.3%
20 OPP1000 15.9+3.6* 16.1+4.4% 14.7+5.0
OPP6000 15.9+3.6* 18.345.4% 10345.2%
OPP10000 15.9+3.6* 15.0£3.9"% 1154313
OPP20000 15.9+3.6" 16.9+4.6" 10.9+4.3%

YEach value represents the meansSD (n=8).

2"CMeans with different alphabets are significantly (p<0.05) different between each treatment for a particular storage time.
3Means with different alphabets are significantly (p<0.05) different within each treatment.
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Table 2. Changes in color (L" and b") of external part of button mushroom with different packaging film during storage at 4, 8, 12, 20

Temp. Color (L) Color (b)
(©) Treatmert Days of storage Days of storage
0 2 ) 0 12 vy)
Control 90.0£1.8"42 87.8+1.2489 88.5+1.6™ 9.7+0.7% 14.8£1.4% 14.8£2.6
PVC 90.0+1.8* 83.0£4.7% 83.0£1.9% 9.740.7° 15.4243% 15.0£1.4%
4 OPP1000 90.0£1.8* 84,6225 79.31.2% 9.7+0.7° 15.0£2.8% 17.821.1%
OPP6000 90.0+1.8* 8391285 75.6£1.9% 9.740.7° 15.6£13% 202£0.7%
OPP10000 90.0£1.8* 822424 74.140.9% 9.7+0.7° 16.0£2.0% 2120.3%
OPP20000 90.0+1.8* 86.0£1.8% 72.6£04% 9.740.7° 142£1.1% 21604
0 8 12 0 8 2
Control 90.0£1.8* 88.741.4% 86.8+1.1% 9.7+0.7° 13.741.3% 162+1.6™
PVC 90.0£1.8* 87.0£2.0% 87.3+1.0% 9.7+0.78 15.0£1.8* 15810
8 OPP1000 90.0£1.8* 86.0£1.6% 81.01.9% 9.7+0.7° 14.9+1.1% 18.32.2M
OPPG000 90.0£1.8* 82.7£1.0% 78.0£0.7% 9.7+0.7° 16.5£0.4% 214213
OPP10000 90.0+1.8"* 81.2+04% 777414 9.740.7° 17.9+0.9% 232+0.8"
OPP20000 90.01.84 87,513,740 77.2+0.4% 9.7+0.7° 15.5+1.9%* 246084
0 6 8 0 6 8
Control 90.0+1.8* 88.7+1.3" 85.7£2.0% 9.740.7° 13.722.3% 150£1.7%
PVC 90.0+1.8* 872205 87.7£1.0% 9.740.7° 152:16" 14.5:09*
12 OPP1000 90.0£1.8* 84.410.9% 86.5+1.6 9.740.7° 155£1.1% 14.5:09*
OPPG000 90.01.8* 82.411.9% 82.6:1.5% 9.7+0.7% 16.1£1.2% 15.820.8*
OPP10000 90.0+1.8* 82.3+1.1% 81.8+1.5% 9.7+0.7° 16.70.85 18,0£1.3%
OPP20000 90.0+1.8* 81.6+1.1% 81.141.4% 9.7+0.7% 18.0+1.0™ 184+1.4%
0 2 3 0 2 3
Control 90.0+1.8* 88.7+1.9" 83.544,15 9.7+0.7° 12.7£2.55% 15.1£1.6™
PVC 90.0+1.8% 90.7+1.8% 88.6+1.4% 9.7+0.7° 112416 127414
20 OPP1000 90.0+1.8% 88.60.9% 85.3+4.9%° 9.7+0.7% 12.9+04% 1414217
OPP6000 90.0£1.8* 88.2:+1.0% 85.5+1.1% 9.7+0.7° 12.740.9%¢ 14.0£1.2%
OPP10000 90.0£1.8* 86.7+1.5% 823415 9.7+0.7° 138<1.1% 164+1.0%
OPP20000 90.0+1.8* 81.8+2.5% 78.1£1.2% 9.7+0.7% 17.6+1.8" 1892074

"Each value represents the meanstSD (n=8).
9AC\eans with different alphabets are significantly (p<0.05) different between each treatment for a particular storage time.
9d\eans with different alphabets are significantly (p<0.05) different within each treatment.
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Fig. 6. Photographs of the internal appearance of button mushroom with different packaging film for 6 days at 12°C (left) and 12 days

at 8°C (right).

Table 3. Changes in color (L and b") of internal part of button mushroom with different packaging film during storage at 4, 8, 12, 20T

Color (L Color (b
Teomp. Treatment olor L) or ©)
(€ Days of storage Days of storage
0 2 ) 0 2 )
Control 85.242,0"42 82243349 68.313.1% 11.5+0.7° 153£220% 2007
PVC 8522.0* 78.0+4.250 64.0£1.6° 11.5+0.7° 16.8+1.8%° 2442030
4 OPP1000 8522.0* 73649 60.7+4.4 11.5+0.7° 16.7+1.9%® 252+0.8%
OPP6000 8522.0* 70,043 8% 64.8£1.9% 11.5+0.7° 17.7+1.2% 24.0+1.6™
OPP10000 85220 74,8375 66.53.6 11.5+0.7° 17.5+1.6 2609
OPP20000 85.22.0* 76.78.5% 67.0£2.8°° 11.5+0.7° 1744145 20.8+1.24
0 8 12 0 8 2
Control 85.2:2.0" 85.9+2.8" 79.9+8 55 11.540.7° 13.6+2.4% 164+1 8%
PVC 8522.0* 82.9+52%b 8024714 11.5¢0.78 1434284 15.8+2.34%
8 OPP1000 8524201 81.8+4.8"° 64.4+11.0% 115078 13241.5% 18.942.6"
OPP6000 852:2.0* 78.16.34% 71.112.8% 11540.7° 15.141.3% 174+2.5%®
OPP10000 852+2.0" 79.0£6.0% 73.6:4.2% 11.5:0.78 1514174 16.2+1.1%%
OPP20000 8522.0* 84.312.0% 84.0£3.6™ 11.5+0.78 13.8+1.2% 14.6+1.6™
0 6 8 0 6 8
Control 85.22.0" 86.9+2.9" 769+1.1% 11.5+0.7° 10442.1% 14.140.6™
PVC 85.2:2.0" 84,045 4% 77.240.7% 11.540.7° 102+0.8% 142407
12 OPP1000 85220 8204524 732105 11.540.7° 129+1.5% 17.240.6™
OPP6000 85.2:2.0" 78.96.8% 71.8£2.4% 11.540.7° 12.6£2.1% 17.5+0.8"
OPP10000 8522.0* 83.8+4.6"" 7124305 11.5¢0.78 10.6+1.8% 16.8+0.5°
OPP20000 852+2.0" 87.8+2.9M 72.5+1.9% 11.5+0.7° 102+1.4% 16.4+0.6™
0 2 3 0 2 3
Control 85.2:2.0" 86.3+3.9% 81.146.9% 11.5+0.78 10.8+0.7% 1434224
PVC 85.2:2.0" 87.6:2.0% 86.1£3.2% 11.5+0.7° 92+1.8% 14.0£2.5%
20 OPP1000 85.2:2.0" 88.8+2.8% 80.6+6.9% 11.5+0.7° 8.6+1.2% 14.843.0"
OPP6000 8522.0* 86.142.4% 7342605 11.5¢0.78 9.8+1.1%® 14.8+2.2%
OPP10000 852+2.0* 87.9+3.0% 82.412.5% 11.5+0.78 95+1.3% 1434204
OPP20000 852+2.0* 91.2+2.6™ 85.6+3 4% 11507 8.120.7% 122432

UEach value represents the meanstSD (n=8).
24CMeans with different alphabets are significantly (p<0.05) different between each treatment for a particular storage time.
%Means with different alphabets are significantly (p<0.05) different within each treatment.
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