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Quality characterization of gamma-irradiated fresh oyster 
mushrooms (Pleurotus ostreatus) during low temperature storage
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Abstract

Fresh oyster mushrooms (Pleurotus ostreatus) were gamma-irradiated at 0, 1, 2, and 3 kGy. The effects 
on various quality attributes were determined during storage at 5 ± 1℃. Color changes were more 
prominent in the cap region than the stem part. At the start of storage increase of Hunter’s L-value 
(lightness) was observed in the caps of 2 and 3 kGy-irradiated samples. The L-value was higher in 
the all irradiated samples during storage. The trend was different in the case of stem region, where 
L-value decreased upon irradiation, but remained high throughout storage. The a-value declined, whereas 
the b-value increased following irradiation. Irradiation showed a dose-dependent effect on the firmness, 
which was clearer during storage, but the samples irradiated at 1 kGy maintained an overall better 
texture than other irradiated samples. The weight loss was also higher in the all irradiated samples 
during storage. The samples irradiated at 1 kGy showed good physical appearance without any fungal 
attack at the end of storage; however color change in cap region was quite apparent. The ultra-structural 
drastic effect of irradiation was understandable using scanning electron microscopy. E-nose analysis 
demonstrated a clear change in the volatile profiles of all irradiated samples. Although the effect of 
irradiation on quality characteristics was quite clear but the all irradiated samples were free from fungal 
attack that was observed in the case of control sample. 
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Introduction

Foodirradiationismostextensivelystudiedfood

preservationtechnique.Severalwell-reputedhealth

authoritiesexaminedtherelatedsafetyconcernsand

endorsedthewholesomenessofthisadvancedtechnique

(WHO1999;Farkas&Mohácsi-Farkas2011).Food

irradiation,servingasmodernpostharvesttechnologies,

can increase marketability of fresh agricultural

commoditieswiththeextensionofstorageperiodand

improvedhygienicquality.Consideringthetechnical

applicabilityandnutritionalsafety,morethan55

countrieshavepermittedthecommercialuseofthis

wholesometechnology(Farkas& Mohácsi-Farkas

2011).Freshagriculturalproductsareusuallyexposed

tolowdoseofirradiationaimingimprovedhygienic

qualitywithreducedenzymeactivityandrespiration

rate(Arvanitoyannis2010).

Mushroomshavehighmarketdemandalloverthe

worldduetotheiruniquetasteandexclusivefunctional

properties(Cheung2008).Pleurotusspp.isthirdmost

producedvarietyofmushroomintheworld(Royse

2003).Variousscientificreportshavedemonstratedthe

high consumer demand due to its functional

characteristics(Lo2008;Oke&Aslim2011)andneed

ofadvancedpreservationtechnologyforanincreased
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marketability(Xiaoetal.2011).Theshortpost-harvest

lifeoffreshmushroomsduetoitsperishablenature

andpoorhygienicqualityaremainconstraintsfor

cost-effective long distance supply to different

consumermarkets(Akram&Kwon2010).Different

preservation methodologies, including modified

atmospherepackaging(Gonzalez-Fandosetal.2001;

Jacxsensetal.2001)andchemicaltreatments(Brennan

etal.2000)weredevelopedtomaintainpostharvest

qualityoffreshmushrooms(Koorapatietal.2004).

Recently,Xiaoetal.(2011)reportedthecombined

effectofchemicaltreatmentandmodifiedatmosphere

toextendshelf-lifeofPleurotusostreatusmushrooms.

Inseveralcountries,includingKorea,freshanddried

mushroomsarepermittedforfoodirradiation.Allowed

doserangesforfreshmushroomsisgenerally1–3kGy

andthatofdriedonesis1–10kGy(Akram&Kwon

2010).Agaricusbisporus(Byunetal.1990;Beaulieu

etal.2002;Akram&Kwon2010),Lentinusedodes

(Jiangetal.2010),andP.eryngii(Akrametal.2012)

showedtheimprovedpostharvestqualityandenhanced

shelflife following irradiation.However,other

mushroomsstillneeddetailedinvestigationproviding

thebasicscientificdataforgeneralapplicabilityof

irradiationtechnology.

Inthisstudytheappearance,color,texture,andweight

loss of gamma-irradiated Pleurotus ostreatus

mushroomswereevaluatedduringstorage.Thechanges

uponirradiationinthevolatilecompoundprofileand

micro-structurewerealsoinvestigatedusingE-nose

analysisandscanningelectronmicroscopy(SEM),

respectively.

Materialsandmethods

Mushrooms,irradiation,andstorage

Freshoystermushrooms(Pleurotusostreatus)of

uniformsizeandfreeofphysicaldamage,werefilled

inpolystyrenetrays(about300±10g)andwrappedwith

foodgradepolyvinylchloridefilm.48mushroomtrays

weregroupedforeachirradiationtreatmentandcontrol.

Thesampleswerestoredat5±1℃ beforeirradiation

treatment.Thenextday,gammairradiationtreatment

(0,1,2,and3kGy)wasperformedusingaCo-60

gamma-raysource(AECL,IR-79,MDS Nordion

InternationalCo.Ltd.,Ottawa,ON,Canada)atthe

KoreanAtomicEnergyResearchInstitute(Jeongeup,

Korea).The treatmentwas conducted atroom

temperaturewithadoserateof2.1kGy/handalanine

dosimetersofadiameterof5mm(BrukerInstruments,

Rheinstetten,Germany)wereattachedwiththesamples

tocalibratetheabsorbeddoses.Allirradiatedand

controlsampleswerestoredat5±1℃inalaboratory

refrigeratorfor4weeks.Threesampletrayswere

randomlyselectedfromeachgroupfordifferentanalysis

asdescribedbelow.

Colordeterminationduringstorage

Chromameter(ModelCR-200,MinoltaCameraCo.,

Osaka,Japan)wasusedtodeterminethecolorchanges

uponirradiationandduringsubsequentstorage.Color

characteristics(L
*
representinglightness,a

*
rednessto

greenness,and b
*
yellownessto blueness)were

determinedforeachsamplegroup(n=9).Thetotal

changeincolor(ΔE)withrespecttothatofcontrol

groupatdayfirstwasalsodeterminedusingthe

expressionΔE=√ΔL2°+°Δa2°+°Δb2°.

Texturalchangesand weightlossduring

storage

Sixsampleswereanalyzedfromeachtreatmentgroup

andcontroltodeterminethechangeinfirmnessusing

aSunrheometer(Compac-100,SunScientificCo.,Ltd.,

Tokyo,Japan)asdescribedearlierbyAkrametal.

(2012).Ninesampletraysfromeachgroupweremarked

withtheirrespectiveweightandthechangeswere

confirmedbyweighingweeklyduringstorage.The

percentageweightlosswithrespecttotheinitialweight

wasreported.

Scanningelectronmicroscopy

Ultra-structuraldeterminationswereconductedupon
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smallpieces(n=3)ofthemushroomstemsurfaceand

internaltissuesectionsasdescribedAkrametal.(2012).

Hitachiscanningelectronmicroscope(ModelS-570,

Tokyo,Japan)at1000×magnificationwasusedfor

theSEM investigation.

Evaluationofvolatileprofile

Thevolatilecompoundprofilesofcontroland

irradiatedsampleswereinvestigatedusingazNose

(ElectronicSensorTechnology,NewburyPark,CA,

USA),equippedwithasurfaceacousticwave(SAW)

sensorandVaporPrint
TM
(Misrosense4.88)software.

Crushedsample(2g)wasfilledina40mLvial

(Supelco,Bellefonte,PA,USA)thatwassealedusing

acapfittedwithaTeflonseptum(PTFE/siliconesepta,

Supelco).Theheadspaceequilibriumwasattainedby

leavingsampleatroom temperaturefor4hr.The

analysiswasperformedataSAW sensortemperature

of30℃;column,60℃;valve,120℃;inlet,150℃;and

trap,220℃ (Akrametal.2012).Tofindatrendin

E-nosenumericaldata,principalcomponentanalysis

(PCA)wasusedasdescribedbyKeshrietal.(2003).

ResultsandDiscussion

Colorattributesduringstorage

Tables1and2aredemonstratingthechangesinthe

keycolorparameters,uponirradiationandsubsequent

storage,inthestem andcappartsofmushrooms,

respectively.Atthesamedayafterirradiation,the

decreaseinHunter’sL-value(lightness)following

irradiationwasobservedinthestemregionthatwas

mostprominentin2and3kGy-irradiatedsamples,

whereas1kGy-irradiatedsampleshadaboutsimilar

valuesasthatofcontrolgroup(Table1).Theeffect

ofirradiationwasmostprominentduringstorage,where

allirradiatedsamplesshowedincreasedL-values.The

controlsamplesshowed a decrease in L-value

(lightness)duringstorage.Similareffectwasobserved

incaseofb-value,whereasa-valueshowedanegligible

effectuponirradiationandduringsubsequentstorage.

Thecapregion(Table2)showedmoredifferences

thanthestem partofthemushroomsfollowing

irradiationtreatment.Atthesamedayafterirradiation

treatment,thecontroland1kGy-irradiatedsamples

showedsimilarcolorcharacteristics.However,the

differenceswereprominentin2and3kGy-irradiated

samples,whichshowedadecreaseina-valueand

increaseinb-valueascomparedtothecontrolgroup.

AllirradiatedsamplesshowedhigherL-valueswith

slightdecreaseina-valuesduringstorage.Most

significantdifferenceswereobservedincaseofb-value,

whichwasmuchhigherforcappartsofirradiated

samplesduringstorage.Microbialspoilageanddifferent

physiologicalactions(enzymeactivityandrespiration)

canaffectthecolorpropertiesofnon-irradiatedsamples

(Simonetal.2005).Irradiationcanimprovehygienic

qualityandcanretarddifferentphysiologicalprocesses

leadingbettercolorattributes.However,irradiationcan

alsobleachthecolorpigment(Morenoetal.2007)and

effectcellstructureresultinginchangedcolorproperties

ofasample.Koorapatietal.(2004)showedthat1kGy

gammairradiationimprovedL-valuesinslicesofA.

bisporushoweverthedrasticeffectwasapparentat

higherdoses(3.1and5.2kGy).

Physicalappearance,firmness,andweight

lossduringstorage

Nonoteworthyapparentdifferenceswerefoundin

thetreatedsampleswithrespecttothecontrolgroup

(Fig.1)atthesamedayafterirradiationtreatment.

However,irradiatedsampleswereeasilydistinguishable

duringstorageduetothecapcolorthatturnedyellowish

fromoriginalgreencolor.Inthecontrolsamples,the

greencolorbecamedarkerduringstoragemakingthe

colordifferencemoreprominent.However,themold

attackwasalsoobservedonthenon-irradiatedsamples

atthethirdweekofstorage,whichwasabsentinthe

allirradiatedsamples.Microbialspoilageduringstorage

in non-irradiated samplesofA.bisporusslices

(Koorapatietal.2004)andP.eryngii(Akrametal.

2012)wasalsoreportedpreviously.Dose-dependent

softeninginthemushroomswasobservedforall
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Table1.EffectofgammairradiationoncolorcharacteristicsinthestemregionofPleurotusostreatusmushroomsduring
storage.

Hunter
parameter

† Storage(day)
Irradiationdose(kGy)

0 1 2 3

L

0 83.23±3.01
‡ax

82.05±2.56
axy

75.18±2.67
bz

79.10±3.35
by

7 80.84±4.73
abx

80.19±5.14
ax

81.18±2.37
ax

83.64±2.49
ax

14 76.86±5.86
bcy

81.98±3.27
ax

79.08±2.91
axy

81.53±4.28
abxy

21 74.59±4.27
cy

79.13±2.94
ax

81.92±5.22
ax

79.28±2.89
bx

28 77.43±3.54
bcy

80.79±2.44
axy

79.39±2.92
ay

84.01±2.76
bx

a

0 -1.21±0.22cx -1.41±0.37bx -1.23±0.39dx -2.01±0.32by

7 -0.97±0.36
cy

-0.52±0.46
ax

-0.80±0.36
cdxy

-0.69±0.19
axy

14 -0.39±0.37
bx

-0.34±0.41
ax

-0.25±0.29
abx

-0.59±0.21
ax

21 0.30±0.39
ax

-0.18±0.29
ayz

0.04±0.44
axy

-0.51±0.43
az

28 -0.16±0.62
bx

-0.39±0.29
ax

-0.71±0.59
bcx

-0.68±0.28
ax

b

0 10.20±0.54
by

11.74±1.23
axy

12.11±2.51
bx

10.14±0.77
by

7 9.05±1.39
bcx

12.57±1.07
ay

10.08±0.76
bx

10.04±1.58
bx

14 7.90±2.04
cz

12.48±1.31
ax

11.56±1.78
bxy

9.68±1.67
byz

21 10.59±2.37bx 9.27±1.16bx 12.05±3.39bx 10.43±1.77bx

28 15.65±2.37
ax

11.83±0.76
ay

17.49±1.98
ax

17.27±2.78
ax

ΔE

0 0.00±0.00
cy

1.96±1.18
by

8.27±2.07
ax

4.20±5.42
abx

7 3.75±4.03
bxy

5.89±1.55
ax

2.76±1.57
cy

2.44±1.52
cy

14 6.82±77.81
ax

4.12±1.24
aby

5.03±2.35
bcy

3.88±2.77
bcy

21 9.09±4.17
ax

4.65±2.59
aby

5.60±3.19
bxy

4.46±2.70
abcy

28 8.76±2.04
ax

3.34±2.10
by

8.78±1.56
ax

7.73±2.24
ax

†
L
*
representslightness,a

*
rednesstogreenness,b

*
yellownesstobluenessandΔEtotaldifferencewithrespecttoacontrolgroup.

‡Mean±standarddeviation(n=9).
a-e
Valueswithinthesamecolumnwithdifferentsuperscriptlettersaresignificantlydifferentatρ <0.05.

w-zValueswithinthesamerowwithdifferentsuperscriptlettersaresignificantlydifferentatρ <0.05.

Fig.1.PhysicalappearanceofPleurotusostreatusmushroomsupongammairradiation(0-day;above)andstorage(28-day;
below).

Colorchangesweremostprominentinmushroomcaps.
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Table2.EffectofgammairradiationoncolorcharacteristicsinthecapregionofPleurotusostreatusmushroomsduring
storage.

Hunter
parameter

† Storage(day)
Irradiationdose(kGy)

0 1 2 3

L

0 68.67±3.30
‡bx

68.72±4.13
bx

71.36±1.27
bx

70.55±2.72
bx

7 73.83±2.81
ax

76.41±2.56
ax

75.71±3.80
ax

75.00±4.35
ax

14 63.04±3.82
ay

70.78±2.97
bx

73.30±2.90
abx

74.08±5.15
abx

21 68.00±2.92
by

75.27±4.87
ax

74.10±1.89
abx

76.65±2.36
ax

28 68.57±4.58
bz

77.22±2.17
ax

72.88±2.96
aby

74.57±3.41
abxy

a

0 0.55±0.83bx 0.58±0.93ax 0.13±0.69bx 0.22±0.67bx

7 0.95±0.50
abx

0.99±0.56
ax

-0.01±0.52 0.82±0.62
abx

14 0.96±0.49
abx

1.01±0.59
ax

1.09±0.46
ax

1.28±0.71
ax

21 1.47±0.97
ax

0.89±1.00
ax

1.08±0.53
ax

1.15±0.59
ax

28 1.80±0.72
ax

0.17±0.59
ay

0.56±0.53
aby

0.74±0.69
aby

b

0 11.43±1.48
by

12.35±0.57
cy

13.54±1.38
bx

11.66±0.43
cy

7 10.07±1.12
bcz

15.02±2.40
bx

11.01±0.75
cyz

12.25±1.25
cy

14 9.05±2.04
cy

14.58±2.04
bcx

13.87±2.21
bx

15.58±1.79
bx

21 11.29±1.51bz 14.31±3.03bcxy 12.85±1.03byz 16.03±1.93bx

28 14.63±2.08
ay

19.93±2.07
ax

17.64±2.19
ax

18.52±1.85
ax

ΔE

0 0.00±0.00
cy

3.88±1.29
cdx

3.73±1.24
bx

2.60±2.10
bx

7 5.56±2.61
abx

8.76±2.87
bx

7.23±3.58
ax

7.02±3.30
ax

14 6.13±4.13
ax

4.41±2.78
dx

5.83±2.45
abx

7.44±4.54
ax

21 2.91±1.84
bz

7.98±4.47
bcxy

5.83±1.54
abyz

9.31±2.81
ax

28 5.51±2.05
abz

12.17±2.54
ax

7.64±3.37
byz

9.54±2.91
axy

†
L*representslightness,a

*
rednesstogreenness,b

*
yellownesstobluenessandΔEtotaldifferencewithrespecttoacontrolgroup.

‡Mean±standarddeviation(n=9).
a-e
Valueswithinthesamecolumnwithdifferentsuperscriptlettersaresignificantlydifferentatρ <0.05.

w-zValueswithinthesamerowwithdifferentsuperscriptlettersaresignificantlydifferentatρ <0.05.

Fig.2.Effectofgammairradaitiononfirmness(above)andweightloss(below)ofPleurotusostreatusmushroomsduring
storage.
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irradiatedsamples(Fig.2A).Thechangeinfirmness

wasapparentatthesamedayafterirradiationtreatment;

however,differencesweremoreprominentduring

storage.Allsamples,includingthecontrolgroupsoften

duringstorage,wherethesamplesirradiatedat1kGy

showedacomparablefirmnesstothatofcontrolgroup

duringstorage.Texturalchangesweremostprominent

in2and3kGy-irradiatedsamples.Irradiationcaneffect

enzymaticandmicrobialactions(Byunetal.1990)

thatmightbethemajorcausesoftexturalchangesin

thecontrolsamplesduringstorage(Zivanovicetal.

2000).However,irradiationcandisturbthemembranous

cellstructuresresultinginleakageofcellfluidand

collapseofcellintegrity(Koorapatietal.2004).The

lossofcellturgidityandoverallpoorproductfirmness

werealsonotedbyotherscientists,studyingirradiated

freshmushrooms(Beaulieuetal.2002Akrametal.

2012).

Allirradiatedsamplesshowedincreasedweight

lossduringstorage,wheretheeffectwasdependentupon

theappliedirradiationdose(Fig.2B).Theeffectof

irradiationoncellmembraneresultingineasyescape

ofwaterfrom themushroom surfacesmightbe

responsibleforthisobservation.Thecollapsedphysical

texture(shrinkage),whichwasvisibleinstemsof2

and3kGy-irradiatedsamplesduringstorage,also

supporttheseresults.Ourresultswerecontrarytothose

providedbyRiveraetal.(2011)andAkrametal.(2012)

forothermushrooms,whichshowedbeneficialeffect

of1kGyirradiationprovidingalowerweightlossand

higherfirmness.ThesmallsizeofPleurotusostreatus

mushroomswithanincreasedsurfaceareaexposedfor

waterevaporationanddifferenceinphysiological

processesmightbethecauseofthisvariation(Akram

&Kwon2010).

Micro-structuralevaluation

Thescanning electron microscopy (SEM)was

conductedtoinvestigatetheeffectofirradiation

treatmentonmicro-structureofmushrooms.Irradiation

caused enlarged intercellularspacesdue to the

breakdownoffibrousstructuredependinguponthe

appliedirradiationdose.Thecleardiscriminationwas

possibleforthesamplessubjectedto3irradiation

treatmentwithrespecttothecontrolgroup(Fig.3).

Thecellstructurescancollapseduetoradiation-induced

degradationofcellmembranesproducingenlarged

spaces(Evered&Burton1995Beaulieuetal.2002).

Thecomparablemicro-structuralchangeswerefound

instemskinandinternaltissuesamples,wheremore

cleardiscriminationwaspossibleusinginternaltissue

micrographs.Theultra-structuralevaluationprovided

thebetterunderstandingofradiation-induceddrastic

changesinphysicalappearance,color,firmnessand

weightlossobservations,wherethedetrimentalquality

characteristicswere also related to the applied

irradiationdose.Gamma-irradiatedP.eryngii(Akram

etal.2012)andelectron-beamirradiatedblueberries

(Maria etal.2007)also provided the similar

micro-structuralcharacteristics.

Changesinvolatilecompoundprofile

Radiation-induced subtle changes in sensory

characteristicsofmushroomsaredifficulttopredictby

sensorypanelistsduetolowthresholdofflavoring

compoundsindifferentmushrooms(Laietal.1994;

Mauetal.2006).Theeffectofirradiationtreatment

wasinvestigatedusingE-noseanalysisandnumerical

dataweresubjectedtoPCAtechniquetofindatrend

intheexperimentalresults(Keshrietal.2003).Figure

4demonstratesthePCAresultsofthecontroland

irradiatedsamples.Allsamplesfolloweddifferent

patternsascircledinFig.4.Theresultsshowedthat

thevolatilecompoundprofilesofmushroomswerenot

onlysensitiveforirradiationtreatmentbutalsodepend

uponappliedirradiationdose,asdose-dependent

discriminationwasalsopossible.Theresultswerein

goodagreementwiththoseofreportedearlierfor

gamma-irradiatedP.eryngiimushrooms(Akrametal.

2012).

In conclusion, gamma irradiation showed

dose-dependenteffectuponthequalitycharacteristicsof

themushrooms.Theeffectbecamemoresignificant

duringstorage.The1kGy-irradiatedsamplesprovided
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Fig.3.Scanningelectronmicroscopy(above:internaltissue;below:surfacetissue)showingtheeffectofgammairradiation
onmicro-structureofPleurotusostreatusmushrooms.

Fig.4.PrincipalcomponentanalysisofE-nosedata
demonstrating the dose-dependent discrimination in
volatileprofilesofPleurotusostreatusmushroomsfollowing
gammairradiation.

comparableresultstothoseofcontrolsamples.The

colorbleachingeffectofirradiationthatwasquite

apparentinthecapregionofallirradiatedmushrooms

andfungalattackinnon-irradiatedsampleswere

importantobservations.Thedifferentqualityattributes,

suchaschangedcolor,softtexture,andincreasedweight

losswereexplainablethroughSEManalysisshowing

drastic dose-dependenteffect of irradiation on

mushroommicro-structure.Irradiationtreatmentalso

changedthevolatilecompoundprofilesofmushrooms.

Theresultsshowedthatfurtherinvestigationsareneeded

forprovidingbettermethodologytogetimproved

hygienicqualitybyirradiationwithminimumquality

losses.
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