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Comparative Quality Evaluation of King Oyster Mushroom as Affected
by Unit Packaging Method during Simulated Export Shipment

Seong-Min Wool, Youn-Moon Palkl*, and Se Won Park’

'Department of Food Science and Biotechnology, Andong National University, Andong 760-749, Korea
’Molecular Biotechnology Division, Konkuk University, Seoul 143-701, Korea

Abstract. Potential of consumer unit packaging was investigated for quality maintenance during export simulation
in king oyster mushrooms (Pleurotus eryngii). Mushrooms were harvested in late May, precooled to 4°C within
6 hours, and then packaged for shipping in two ways: 2 kg bulk packaging in a polyethylene (PE) bag or
three types of unit packaging methods such as 400 g in polypropylene film bag (PPB), 200 g on styrofoam
tray + PE shrinkage film wrapping (STW), and 200 g in polyethylene terephthalate (PET) containers (PETC).
For local distribution of bulk-packaged commodity, mushrooms were sorted again and packaged into 3 consumer
units in the same way as for the initial shipping packages. Simulation of refrigerated container shipping was
performed in a walk-in type pilot storage at 0.5°C for 5 weeks, while local marketing simulation was carried
out on the shelf at 7°C for 7 days. During the shipment simulation, creation of modified atmosphere (MA)
was substantial in 2 kg bulk packages with low O, below 2% and high CO, over 15% whereas, in PPB
and PETC unit packages, relatively higher O, concentrations were observed. On the shelf at 7°C, CO,
concentrations rapidly increased in PPB and PETC packages despite the short marketing period. Overall
marketability evaluated by off-flavor, browning, and texture rating was maintained at excellent level when
2 kg bulk packaging in PE or unit packaging in PPB and PETC were used for shipment. In contrast, establishment
of MA was very slight in STW packages during shipment and local distribution resulting in poor quality
after export simulation. The results suggested that shipment using adequate consumer unit packaging is more
practical and economically beneficial than using bulk packaging in the export program consisting of 5-week
shipment and 7-day local distribution.

Additional key words: browning, export simulation, modified atmosphere, off-flavor, Pleurotus eryngii, shelf life
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Table 1. Quality of king oyster mushroom at harvest.

Quality attributes

Harvest date Water content

(%) (N-cm™)

Flesh firmness

Respiration rate

CEE L* (COz mL-kg™*h™)

May 28 88.3 + 0.5 34 02

86.9 + 0.2 1122 £+ 53

*Means * S.E. (n = 6).

Table 2. Experimental packaging treatment.

Packaging treatment during export simulation

Local distribution

Shipment (consumer packaging)

Remarks

Bulk packaging Unit packaging

(2 kg, PPB
LDPE 30 um, blue color)

Different packaging methods
between shipping and local distribution

STW
PETC
Unit packaging® Unit packaging
PPB PPB
STW STW
PETC PETC

Same packaging methods
during shipping and local distribution

“Initially applied for shipment, exactly in the same way as for the unit packaging for local distribution packaging. PPB, 400 g in
30 um polypropylene film bag; STW, 200 g on styrofoam tray with 10 um PE film wrapping; PETC, 200 g in a PET container
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Table 3. Changes in gas concentrations inside packages of king oyster mushroom during simulated shipment plus 7-day shelf

life influenced by packaging method.

4 weeks 4 weeks 5 weeks 5 weeks
Shipping packaging Distribution + 7 days + 7 days
packaging 0O, CO, 0, CO, 0O, CO, 0O, CO,
(kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
2 kg bulk PPB 18 b 17.6 bc 20d 18.6 a
(PE 30 pm) STW 14¢ 114a 14a 254 16c 104a  190a  14b
PETC 32b 163 ¢c 36 ¢c 184 a
Unit packaging® PPB 7.6 bc 99 a 1.8 b 195 ab 51 bc 116 a 19d 179 a
STW 19.7 a 06 b 139a 32d 19.7 a 07 b 129 b 22 b
PETC 141 ab 7.6 ab 33b 201 a 94b 112a 2.8 cd 17.9 a
Significance
Shipping packaging (S) NS ** NS b
Consumer packaging (C) > ** > **
SxC NS NS ** NS

“Same as in Table 2.

yMean separation within columns by Duncan’s multiple range test at P = 0.05.

NS Nonsignificant or significant at P < 0.01.

Table 4. Ethanol concentrations inside packages and off-flavor ratings of king oyster mushroom after simulated shipment plus

7-day shelf life as influenced by packaging method.

4 weeks 4 weeks 5 weeks 5 weeks
Shipping Distribution + 7 days + 7 days
packaging packaging Ethanol Off- Ethanol Off- Ethanol  Off- Ethanol Off-
(uLL"y  flavor* (Ll flavor (Ll flavor (uL-L" flavor
2 kg bulk PPB 1543.7a 1.7 bc 1504.2 a 1.5 bc
(PE 30 pm) STW 5107 2> 20 a 367.7 b 1.3 bc 4337a 15a 2856 b 10 ¢
PETC 1179.6 a 2.0 ab 4966 b 2.1 ab
Unit packaging® PPB 2070b 10b 6049 b 10c 2566 a 1.0 a 3025 b 13 ¢
STW 2359b 10b 2878b 10c 1550a 1.0 a 2714 b 13 ¢
PETC 1859b 20a 550.7 b 28 a 2082a 15a 3729b 25a
Significance
Shipping packaging (S) NS NS
Consumer packaging (C) * *
SxC * NS

“Same as in Table 2.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
XOff flavor rating: 1 = none; 3 = detectable, but still acceptable for consumption; 5 = very severe and non-salable.
Non3|gn|f|cant or significant at P < 0.05 or 0.01, respectively.
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Table 5. Stem firmness of king oyster mushroom after simulated shipment plus 7-day shelf life as influenced by packaging method.

Firmness (N-cm™)

Shipping Distribution 2 " 5 ”
packaging packaging 4 weeks . ;ijzyz 5 weeks ; ;ijzyss
2 kg bulk PPB 2.8 a 3.0 ab
(PE 30 pm) STW 3.0 a’ 2.4 ab 31a 2.7 b
PETC 28 a 29 b
Unit PPB 3.0 a 28 a 28 a 28 b
packaging® STW 30 a 23b 32a 28 b
PETC 29 a 28 a 3.0 a 32 a
Significance
Shipping packaging (S) NS *
Consumer packaging (C) NS *
SxC NS *

“Same as in Table 2.

NS,*
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yMean separation within columns by Duncan’s multiple range test at P = 0.05.
NonS|gn|f|cant or significant at P < 0.05 or 0.01, respectively.



Table 6. Browning rating of king oyster mushroom after simulated shipment plus 7-day shelf life as influenced by packaging method.

Browning rating”

Shipping Distribution

packaging packaging 4 weeks f_' ;N fg;ss 5 weeks f ;V %zl;ss
2 kg bulk PPB 23 a 1.8 bc
(PE 30 pm) STW 2.0 ab’ 25 a 15 b 26 b
PETC 23 a 13 ¢
Unit PPB 1.8 ab 20 a 1.3 b 1.8 bc
packaging® STW 23 a 25 a 28 a 43 a
PETC 13 b 1.8 a 1.5 b 15¢c
Significance
Shipping packaging (S) NS *
Consumer packaging (C) NS b
SxC NS *

“Same as in Table 2.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
XRg}jng score 1 = none; 3 = slight browning, but still acceptable for sale; 5 = severe.
S Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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Table 7. Marketability of king oyster mushroom after simulated shipment plus 7-day shelf life as influenced by packaging method.

Marketability rating”

Shipping Distribution 4 ” 5 K
packaging packaging 4 weeks . ;’VZ‘;ySS 5 weeks h ;"Z‘Zyss
2 kg bulk PPB 3.7 a 4.0 ab
(PE 30um) STW 40 b 35a 4.0 ab 3.0 b
PETC 4.0 a 4.0 ab
Unit PPB 5.0 a 4.0 a 48 a 4.0 ab
packaging® STW 43 b 30 b 33b 18 ¢
PETC 43 b 4.0 a 48 a 43 a
Significance
Shipping packaging (S) NS NS
Consumer packaging (C) ** **
S xC NS NS

“Same as in Table 2.

YMean separation within columns by Duncan's multiple range test at P = 0.05.
Marketablllty score 1 = very poor, 3 = moderate, acceptable for sale; 5 = excellent.

“"Nonsignificant or significant at P < 0.01.

ES AYSEOR GA) AL 229 A AA
8 o] A AOR 2L o] B9, 4% 252
AAR B uh 200g F9l2] STW ZHE 753 Ao

1S H= STW LA o] A]
=83t 24 A7 YEUE R 400g ©9) PPB F= 200g
EE]— o]-_. 7—]0] ;QUP@‘]— 74 o= 74/\].5]04

(9%
(=)
=]
=]
-0
s~}
e
o
1=
o
v
-0
es]
ﬁ
oo
N
U B
e
O
o
1>
o

FLeteH Al
%UHOH Hh2 2 %‘ - Sl = ©
Z A5t 59 sl £8lelo] 4°CE oWt WAS 2kg

F 223L 390 oA e 4
RS A AL T AR 242 790 ALRE F

Kor. J, Hort. Sci, Technol, 31(2), April 2013

(PPB), 200g B2 EFo] + Y7(STW) % 200g PET
87I(PETC) 2H o= FE39lnt. & 242 0.5°C2 4
A5t 23 ARAA 35t FA] ALHEL T°CE
AR A2 WHE FEsto] BBt mo
& U MA 21732 2kg B4 E2A] A4S 0, 2% ofst
+ €Oz 10% o] F 2.2 ZooH Wé‘ol Fel e “‘7/}11 ==
%— loﬂ F=7h A

O/\Z;:E

N
=
=
ol
82 T
do
ol

i4
=2
K1
e —

o o

1

N

=2

o

e
S

riN

HAES
FAA A A
g PPB, PET:
E oY F
gk chik, MA
A7t w=A
gt ol @5 A
e o, ELLEMHWQ 5

Bt oA SFo] A 2o RE
FA1¢] 30um PE 2kg o2 WA o= 30um PP 2
U PET §7] 4327 WpAjo] Hrp A8AQl 2o=
]
A

o},

=
of
)
=
2
r_04
ox
jus)
ox.
flo
)
~
S
)
S|
o
Mo
op

o
1>
fillo
2
oo
ol
o,

!
n
2
o
Ho

o
ne
\‘2’ tlo
[
3=
o
o
9‘1"
rlr
o
1>
®
Mo
op~
P
~N
20 oy o ot wy o

ru>i
3
do o
Y
i)
2
ki
_>f1_4‘
o
)

2 OE' ii
2 fob

>~
= o %
s
2 - AL
o]
N 5
lg i
4
Ir =
f
o3
=
>
N rlr
1 do |o o
N

Lo N

O o nx ﬂ!{ﬂl
T LN

7

—_

i

ZFQ0] : 2, & ©JAY, modified atmosphere,

0|, Pleurotus eryngii, %717t



=
AEE

rak

Adamicki, F. 2004. Mushrooms, In: K.C. Gross, C.Y. Wang, and
M. Saltveit (eds.). The commercial storage of fruits,
vegetables, and florist and nursery stocks. Agr. Handbook No.
66. (Website version, revised in April, 2004). USDA-ARS,
Beltsville, USA.

Ares, G., C. Parentelli, A. Gambaro, C. Lareo, and P. Lema. 2006.
Sensory shelf life of shiitake mushrooms stored under passive
modified atmosphere. Postharvest Biol. Technol. 41:191-197.

Baik, K.Y., Y.K. Lee, JW. Kim, LS. Park, and S.D. Kim. 2009.
Effects of vacuum cooling on shelf life of Pleurotus eryngii
during PE packaging storage. Korean J. Food Preserv.
16:166-171.

Beaudry, R.M. 2000. Response of horticultural commodities to
low oxygen limits to the expanded use of modified atmosphere
packaging. HortTechnology 10:491-500.

Cho, S.H., D.S. Lee, S.D. Lee, N.G. Kim, and J.S. Ryu. 1998.
Modified atmosphere packaging for keeping freshness of
Enoki mushroom (Flammulina velutipes). J. Korean Soc. Food
Sci. Nutr. 27:1137-1142.

Choi, M.H. and G.H. Kim. 2003. Quality changes in oyster
mushrooms during modified atmosphere storage as affected
by temperatures and packaging materials. Korean J. Food Sci.
Technol. 35:1079-1085.

Hardenburg, R.E., A.E. Watada, and C.Y. Wang. 1986. The
commercial storage of fruits, vegetables, and florist and
nursery stocks. USDA Handbook No. 66. USDA, Beltsville,
USA p. 41-42.

Kim, J.H., JK. Kim, K.D. Moon, T.H. Sohn, and J.U. Choi. 1995.
Effects of MAP and CA storage on quality of mushrooms
(Agaricus bisporus) during storage. Korean J. Postharvest Sci.
Technol. Agri. Products 2:225-232

Lee, H.D., H.S. Yoon, W.O. Lee, H. Jeong, K.H. Cho, and W.K.
Park. 2003. Estimated gas concentrations of MA (modified
atmosphere) and changes of quality characteristics during the
MA storage on the oyster mushroom. Korean J. Food Preserv.

10:16-22.

Mattheis, J. and J.K. Fellman. 2000. Impact of modified atmosphere
packaging and controlled atmospheres on aroma, flavor, and
quality of horticultural commodities. HortTechnology 10:507-510.

Mir, N. and R.M. Beaudry. 2004. Modified atmosphere packaging,
In: K.C. Gross, C.Y. Wang, and M. Saltveit (eds.). The
commercial storage of fruits, vegetables, and florist and
nursery stocks. Agr. Handbook No. 66. (Website version,
revised in April, 2004) USDA-ARS, Beltsville, USA.

Park, Y.M. and C.S. Jhune. 2010. Quality changes of king oyster
mushroom as influenced by controlled atmosphere regimens
during storage and shelf temperature conditions. Kor. J. Hort.
Sci. Technol. 28:70-76.

Park, Y.M. and S.Y. Ha. 2008. Relationship between sensory
texture and instrumental evaluation of firmness in king oyster
mushroom. Kor. J. Hort. Sci. Technol. 26(Suppl.):39. (Abstr.)

Park, Y.M. and T.M. Yoon. 2006. Impact of storage method and
shelf temperature on quality attributes and physiological
metabolism of ‘Fuji’ apples. Hort. Environ. Biotechnol. 47:138-
143.

Park, Y.M., CJ. Lee, and C.S. Jhune. 2009. Marketability of
Agaricus bisporus mushrooms influenced by controlled
atmosphere storage and shelf temperature conditions. Hort.
Environ. Biotechnol. 50:127-131.

Park, Y.M., S'W. Park, S.J. Hong, and J.H. Hong. 2004.
Evaluation of storability and shelf life of oyster mushroom
under simulated shipment and marketing environment. J. Kor.
Soc. Hort. Sci. 45:9-15.

SAS Institute Inc. 1990. SAS user’s guide. Statistical Analysis
Systems Institute Inc., Cary, NC, USA.

Villaescusa, R. and M.I. Gil. 2003. Quality improvement of
Pleurotus mushrooms by modified atmosphere packaging and
moisture absorbers. Postharvest Biol. Technol. 28:169-179.

Watkins, C.B. 2000. Response of horticultural commodities to
high carbon dioxide as related to modified atmosphere
packaging. HortTechnology 10:501-506.

Kor. J, Hort. Sci, Technol, 31(2), April 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


