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ABSTRACT

We investigatedhe possibility that California prunesstoredin modified atmospheres
(MAs) will tolerate higher water activity (a,) levels than those requiredat normal
atmospheres and thtite naturally occurringmicrofloral infection level on the prunes
may generateghe MAs that inhibit mold activity in airtight conditions. Dry prunes
were moisturizedto a range from 16 to 38% moisture content (m.c.) to acquire
sampleswith 0.575t0 0.858a,,. In unsealedconditionsat 35;C, therewasa level of
naturally occurringmicroorganismgaerobicplate count, yeastand mold count) that
generallyincreasedcabove 0.70 a,. However,incubatingthesesamplesin a sealed
container for 35 days at 35iC indicated that levels of naturally occurring
microorganisms remained unchangedthroughout the range of water activities.
Microfloral respirationas a function of temperaturewas determinedby incubating
similarly moisturizedprune samplesat 25, 30 and 35;C and then measuringthe
declining O, concentrationshroughtime. Resultsshowedthat the higher both the
water activity andtemperaturethe moreintensethe O, consumptionby the product.
A nearlylinear relationshipwas observedbetweenO, depletionandtime. Anaerobic
conditionswerereachedn lessthan2 daysat 25;C and0.858 a,,, the highestwater
activity tested. At highertemperaturesanaerobicconditionswere achievedat water
activities of 0.824 and above. Theseresultsindicate that under aerobic conditions
microorganismganflourish on and causedeteriorationof prunesif the wateractivity
of the fruit is above0.7 (m.c. of 24.6%). However, under sealedconditions, prunes
can toleratea higherwater activity without microorganismgrowth or deteriorationof
thefruit.

INTRODUCTION

Low wateractivity (a,) retardsthe growth of yeastsand molds on dried prunes
(Pitt and Christian,1968; Tanakaand Miller, 1961) However,a few fungi are
capableof growthin environmentswith low water activity. Eurotium amstelodami
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wasisolatedat 0.77 a,, (Kinderlerer,1984) and 0.753 a,, (Wheelerand Hocking,
1988) and germinatedat a,, as low as 0.738 (Pitt and Christian,1968). Many
Aspergillusspeciesare xerophilic and are usually capableof growing on media
containing high concentrationsof salt or sugar (Thom and Raper,1945). In
addition, Xeromycesisporushas been shownto asexually sporulateat a water
activity aslow as0.663in 80 daysat 25;C (Pitt and Christian,1968).

Mold growth is dependentupon such factors as temperature,a,, and
atmosphericconditions. Many studiesindicate that most storage fungi are
inhibited by atmospheresontaininglessthan 1% O, or greaterthan 80% CO,
(Horner and Anagnostopoulos1973; Northolt and Bullerman,1982; Ellis et al.,
1994; El Halouatand Debevere, 1997). At moisture contents(m.c.) below the
level permitting bacterialgrowth (a,, <0.87), moststoragefungi are fully inhibited
in atmospheregontaining less than 1% O,. This concept has not yet been
addressedo the preservatiorof dried fruits suchasraisinsand prunes.

Thus,we hypothesizedhat prunesstoredin modified atmospheregMAs) will
toleratehigherwater activity levelsthan thosestoredat normal atmospheresand
that the prunes,basedon their infection level by microorganismsmay generate
the MAs thatinhibit mold activity in airtight conditions. Therefore,the objective
of this study wasto investigatethe respirationrate of moist prunesat various
temperaturesand water activities to determine if airtight conditions will be
sufficient to createself-generatedatmospherego preventmicrobial populations
from causingdamageto the fruit.

MATERIALS AND METHODS

Prune samples

Prunesweretaken from the 1998 crop that had been commercially dried and
storedfour monthsat an initial m.c. of 16% (National Raisin Company,Fowler,
CA) prior to sampling. Twelve 2.5 kg sampleswereartificially moisturizedin 2%
incrementshetweenl6 and 38% m.c., allowedto equilibratein 3.785L jars for at
least4 weeksat 0+2{C, and then were sealedin the jars and incubatedat 25, 30,
and 35jC. At regularintervals,wateractivity was determinedusing a Novasina
ms1 Defensor with an enMBRK-3 sensorand an r.h. equilibration chamberof
68 mmi.d. and 100 mm length (363 mL). A sampleof 25-28 prunesweighing
about 150 g wastaken from the selectedsub-sampleand placed in the ERH
apparatus. After equilibrating to the settemperaturefor 24 h, the sampleswere
left in the apparatusfor another2 h to equilibrate before the relative humidity
was determined.

Microbial count

The level of microorganismson the prunes was determined by aerobic plate
count (APC) on single 50 g samplestaken at the start and at the end of the
experimentgMaturin and Peeler,1998). Also, the level of yeastsand molds was
determinedon the same50 g samplesas were the APC tests (Tournas et al.,
1998).
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Respiration of prunes

The respirationrate wasbasedon O, consumption. The interstitial air spaceof

about500 g pruneswas periodically measuredn a respirometerthat consistedof

a0.95L Mason jar with two 1.6 mm i.d. coppertubessolderedto the lid. An

oxygen monitor (electrolytic sensortype) (Oxychek-2, Bishop, UK), equipped
with aninternalair pump, measured, levels. The monitor wasfitted to the two

coppertubessolderedto the jar lid. The coppertubes,fitted with two-way valves
outsidethe jar, extendednsidethe jar to about 180 mm below the lid (inlet) and
to about 20 mm below the lid (outlet). Because pressurization of some
respirometer®ccurred,particularly in thosecontaininghigh moisture prunes,the

pressuredifferential (up to 27 kPa) wasmeasuredusing a manometer. Because
the Oxychek-2 sensorwas influenced by excessivepressure,the pressurewas
releasedbeforetaking a measurement.

RESULTS AND DISCUSSION

Microfloral count

The aerobicplate count (APC) is intendedto indicatethe level of microorganisms
in a product. In orderto ensurethat microorganismalgrowth did not take place
during the equilibration period at the low temperature we measuredrespiration
beforethe pruneswere sealedin the respirometers.Theseresults(Fig. 1) showed
that the microorganismsremainedat acceptablelevels, exceptat 0.83 a,. The

increasein microflora at 0.83 a, is inexplicable but could be a result of

contamination that occurred after the sample was removed from the cold

chamber. Becausehesedeterminationswere carried out without replicates,the

increasein the APC count at 0.83 a, will require a more detailed study. The

samplessealedn therespirometeat 35;C for 35 days showeda low microfloral

load without significant changesthroughout the range of moisture contents
(Fig.1). Microorganism growth was not detectedat 25 or 30;C and is not

reported.

Microscopic food-borne yeastsand molds have the ability to attack prunes
dueto their relatively broadenvironmentakequirements. The majority of yeasts
and molds are obligate aerobesj.e. they require free oxygen for growth. Also,
their temperaturgangeis broad (betweenl0 and 35;C). Moisture requirements
for molds are low; most speciescan grow at 0.85 a, or less. However,yeasts
generallyrequirea higherwater activity (Tournaset al., 1998). Our yeastcounts
(Fig. 2) show that initial samplesremained low, indicating that cold storage
during the moisturizing period preventeddevelopmentof yeasts. But on three
sampleskept in the respirometerfinal yeastcounts were markedly higher than
initial samples. In one (0.84 a,), counts were similar to those of the initial
samplesjndicating the presenceof aerobicand anaerobicyeastsin the samples.
In thatinstance aerobicyeastsmay havebeeninhibited dueto the low O, content
that prevailedin the respirometer;alternatively,some contaminationcould have
occurred.

Mold countgavethe mostmeaningfulresults(Fig. 3). Their developmenton
initial sampleswas not intensivebut a population survived. However, during
sealedstoragein the respirometer,counts were extremely low indicating that
aerobic molds could not survive the modified atmospheres. El Halouat and
Debevere(1997) studiedthe effect of wateractivity, MA packagingand storage
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temperatureon sporegerminationof molds isolatedfrom prunes. Their results
showedthat underanaerobicatmosphereggerminationand growth of all tested

=~ |nitial aerob @ Final aerob

10000 —
0
=
=)
LL
© 100
I=
2
o _ - |
A B A
o
Q100 .
-8 X f
<) \
@ \
< (=
10

055 0.6 0.65 0.7 0.75 0.8 0.85 0.9

Water activity (Aw)

Fig. 1. Aerobic platecount(APC) in CFU/g in relation to water activity of moisturized
prunes before sealing in the respirometer (Indiiob)and after 35 daysin sealedconditions
in the respirometer at 35;C (Final aerob).

speciesvere completelyinhibited at low a,, while at high a,, becauseof residual
O,, conidia germinatedbut failed to grow. At any a, value between0.88 and
0.92, conidia failed to germinatewhen 100% CO, was applied. Similar results
were obtainedfor E. amstelodamiand Fusarium oxysporumin 80% CO,/20% N,

andin 60% CQO,/40% N,. Under aerobic conditions (5% O,), germination and
growth occurredonly at high a,,, while 10 or 20% O, combinedwith either 80 or

60% CO, only delayedconidial germination and mold growth when compared
with the control in air. Our resultson mold developmentare in agreementwith

the detailed study of El Halouat and Debevere(1997). Indeed, even after
exposurefor more than 5 monthsin the respirometermold developmentcould

not be detectecat any testedmoisturelevel.
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Fig. 2. Yeastcountin CFU/g in relationto water activity of moisturizedprunesbefore
sealingin the respirometer(Initial Yeast) and after 35 days in sealedconditionsin the

respirometer at 35;C (Final Yeast).

Respiration of prunes
Physiologically,dried prunes,especiallythosedried in commercialdehydratorsat

elevatediemperaturesuchas80 to 86;C, are consideredasnon-living organisms.
Therefore the observedrespiration processescould be attributed only to the
microorganismload and its compositionon the prunes. Theserespiration rates
are shownin Figs.4 - 6. The higher the a,, the more intensewas the oxygen
consumption. In mostcasesa nearly linear relationship was observedbetween
oxygendepletionandtime. At the highestmoisture content(0.858 a,), a nearly
anaerobiccondition (<1% O,) wasachievedwithin two daysat 25;C (Fig. 4). At
30iC, a similar condition (<1% O,) was achievedwithin 40 h at 0.858 a,, and
reductionto about 1% O, wasachievedwithin 70 h at 0.824 and 0.836 a,, (Fig.
5). At 35jC, nearly anaerobicconditionswere achievedwithin 4 days at the 3

highestwateractivities (Fig. 6).
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Fig. 3. Mold countin CFU/g in relation to water activity of moisturizedprunesbefore
sealingin the respirometer(Initial Mold) and after 35 days in sealedconditionsin the
respirometer at 35;C (Final Mold).

Respiratiorratesas a function of wateractivity and temperatureare shownin
Fig. 7. These data show that, regardlessof the temperature, an intense
deteriorationof prunesmay occur under sealedstorageconditions at or above
0.81a,,.

CONCLUSIONS

Theresultsof our study indicate that, at aerobic conditions, microorganismscan
flourish and causedeteriorationof prunesif the a,, of the fruit is above0.7 (m.c.
of 24.6%). However,undersealedconditions,prunescan toleratea higher water
activity without microorganismgrowth and fruit deterioration. We concludethat
California prunescan be safely storedat higher than normal moisture contents
when under hermetic conditions comparedwith an unsealedenvironment. In
addition, the microorganismsthat naturally contaminateprunes stored at high
moisture contents can produce a toxic MA capable of controlling microbial
growth and subsequentleteriorationof storedprunes.
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Fig. 4. Oxygendepletionin therespirometens a result of respirationof moisturizedprunes
at 25;C and various water activities.
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Fig. 5. Oxygendepletionin therespirometens a result of respirationof moisturizedprunes
at 30iC and various water activities.
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Fig. 6. Oxygendepletionin the respirometelas a resultof respirationof moisturized

prunes at 35;C and various water activities.
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